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BLOCK 1: CONCEPTUAL BASE

UNIT 1: WATERSHED AS A NATURAL UNIT
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1.1 OBJECTIVES

e Know the why watershed called as Natural Unit

e Know the classification of watershed

e Know the different terminology of watershed

e Understand the concept of a watershed as a fundamental hydrological unit.

e Explore the geographical features and characteristics that define a watershed.

1.2 INTRODUCTION

Watersheds serve as fundamental natural units in the landscape, encapsulating the intricate
interplay of land, water, and ecosystems. Defined by the topography of the land, watersheds
delineate the boundaries within which precipitation gathers, flows, and eventually converges
into streams, rivers, and lakes. Beyond their hydrological significance, watersheds also play a
crucial role in shaping ecological patterns, biodiversity, and human livelihoods. Understanding
watersheds as natural units unlocks insights into environmental processes, resource
management, and sustainable development. In this unit, we delve into the multifaceted
significance of watersheds, exploring their ecological, social, and economic importance in our

interconnected world.

1.3 WATERSHED AS A NATURAL UNIT

What do you mean by natural unit?

A "natural unit" typically refers to a specific geographic or environmental area that is delineated
based on natural features or characteristics. It is a term often used in the context of geography,
environmental science, and resource management. Natural units are defined by the presence of
shared environmental or ecological attributes, such as climate, vegetation, geology, hydrology,

or topography, which set them apart from neighbouring areas.

These units are identified and categorized based on the idea that the natural environment and
its components (e.g., ecosystems, species, climate patterns) within the defined boundaries share
common characteristics and function as an interconnected system. These boundaries are
typically not arbitrary but are determined by the inherent characteristics and processes of the

natural world.
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The concept of natural units is essential for understanding and managing the environment and
its resources, as it allows for the consideration of the interconnected relationships between
various natural elements and facilitates more effective and holistic approaches to conservation,

land use, and resource management.

A "natural unit" is like a puzzle piece in nature. Imagine you have a jigsaw puzzle, and each
puzzle piece fits together to make a complete picture. In the same way, a natural unit, like a

watershed, is an area in nature where everything fits together and works as one big system.

For example, think of a watershed like a big, invisible bowl in the land. When it rains, all the
rainwater flows into this bowl, and it goes down into the same river or lake. Everything in this
area, like the trees, animals, and even the dirt, is connected by the rainwater that flows into the

same place.

WATERSHED AS NATURAL UNIT

A watershed is often referred to as a "natural unit" because it represents a distinct, self-
contained geographical area that functions as a natural boundary for the flow of water. There

are several reasons why watersheds are considered natural units, Some of them given below:

Hydrological Unity: Watersheds are delineated based on the natural flow of water. Water, in
the form of rainfall and runoff, tends to collect and flow into a single drainage basin or
watershed. Water within a particular watershed is interconnected, as it all eventually converges

into a common outlet, such as a river, lake, or the ocean.

Common Origin: Water within a watershed typically originates from the same source, which
is often a high point like a mountain or hill. From this common origin, water flows downhill,
following the contours of the land, and converges into a network of streams and rivers within

the watershed.

Natural Boundaries: The boundaries of watersheds are typically defined by the topography
of the land. Watershed boundaries follow ridgelines or high points, ensuring that water flows
into the correct drainage basin. These natural boundaries make watersheds distinct and separate

from one another.

Ecosystem Interconnectedness: Watersheds are ecosystems where the flora, fauna, and
aquatic life are interconnected and dependent on the availability and quality of water. The

natural boundaries of a watershed help define the scope of this interconnected ecosystem.
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Integrated Resource Management: Watersheds encompass a variety of land uses, natural
resources, and environmental factors, making them ideal units for integrated land and water
resource management. Managing resources within the boundaries of a watershed can lead to

more effective and sustainable environmental management.

Hydrological Boundaries: Watersheds are defined by natural hydrological boundaries. They
are delineated by the topographic features of the landscape, such as ridges, hills, and mountains.
Within a watershed, all surface water, including rivers, streams, and rainfall, ultimately flows
to a common outlet, such as a river mouth or lake. This natural drainage pattern defines the

limits of a watershed.

Water Collection: Watersheds collect and store water from precipitation. Rainfall and
snowmelt that fall within the watershed's boundaries naturally flow toward a common drainage
point. This water collection function is intrinsic to the landscape and is not influenced by

human-made constructs.

Ecosystems and Habitats: Watersheds often encompass diverse ecosystems and habitats,
including forests, wetlands, rivers, and lakes. These ecosystems are interconnected and rely on
the natural water flow within the watershed. Watersheds play a critical role in supporting

biodiversity and ecological processes.

Water Quality and Quantity: The health and quality of water within a watershed are
influenced by the land uses, soils, and vegetation within its boundaries. Because water within
a watershed often stays within it, the management of land use and pollution sources within the
watershed directly impacts the quality and quantity of the water available for various uses

downstream.

Integrated Management: Watersheds offer a logical and integrated approach to managing
land and water resources. By considering the entire watershed as a unit, it becomes possible to
develop comprehensive strategies for land use planning, conservation, flood control, and water
supply. This integrated approach recognizes that what happens upstream can have far-reaching

consequences downstream.

Natural Resilience: Watersheds have a certain level of natural resilience. Their ecosystems
can help regulate and mitigate the impacts of natural disasters, such as floods or droughts. The

interconnected nature of the watershed allows for the absorption and gradual release of water,
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reducing the severity of flooding and providing a more reliable source of water during dry

periods.

What is watershed?
A watershed is like a giant, invisible bowl in the land. When it rains or snows, all the water
collects in this bowl and flows down into the same river, lake, or ocean. It's an area where all

the water goes to the same place. Think of it as nature's own water collection system.

)/
/ / ‘ Precipitation '
"

S >

Headwaters / //
| 3

Floodplain

Fig:1.1, Source: Google

Classification of watersheds
Watersheds can be classified in several ways based on various factors, including size, location,

land use, and ecological characteristics. Here are some common classifications of watersheds:
1. Size-based Classification:

As the watershed size increases, storage increases. Based on the size, the watersheds are

divided into five classes.
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S.No. | Watershed Classification Size (ha)

1. Macro watershed 50,000-2,00,000
2 Sub-watershed 10,000 -50,000
3 Milli-watershed 1,000-10,000

4, Micro Watershed 100 -1,000

5 Mini Watershed 10-100

Classification of watershed (Source: Singh, 1994)
2. Geographic or Regional Classification:

a) Continental Watershed: Watersheds that divide continents into drainage areas.
b) Transboundary Watershed: Watersheds that cross international borders, requiring

cooperation between countries for management.
3. Land Use-based Classification:

i) Urban Watershed: In an urban watershed, the predominant features are buildings, roads,
streets, pavements, and parking lots, resulting in a landscape with limited permeable surfaces.
This abundance of impervious surfaces alters the natural flow of water, as drainage systems are
artificially constructed. The presence of impervious surfaces significantly reduces infiltration
and evaporation while increasing runoff, which, in turn, diminishes soil erosion. However, this

heightened runoff poses a risk of flooding if the drainage infrastructure is insufficient.

The production of runoff in different parts of an urban watershed varies based on factors such
as the degree of urbanization, topography, and drainage facilities. In areas where lakes, ponds,
and parks are numerous, evaporation may compensate for reduced evaporation in regions
dominated by impervious surfaces. Once a watershed becomes urbanized, its land use becomes
relatively fixed, leading to changes in its hydrological behaviour, primarily influenced by

alterations in precipitation patterns.

Analyzing a small urbanizing watershed independently reveals an increase in runoff peak and
a decrease in its time of occurrence with urbanization. This is attributed to the proliferation of
impervious features such as pavements, houses, storm sewers, and parking lots, all of which
limit infiltration and amplify runoff. However, when considering an entire complex watershed,
the cumulative effect may result in a reduction in the overall runoff peak. This is because the

presence of roads, bridges, and tunnels can create impoundments, damping the runoff
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hydrograph. In summary, the dynamics of an urban watershed are intricately linked to its degree

of urbanization, influencing the balance between impervious surfaces and drainage features.

ii) Agricultural Watershed: An agricultural watershed is a distinctive geographic area
characterized by its predominant use for agricultural activities. In such watersheds, the land is
primarily dedicated to cultivation, with a variety of crops and farming practices contributing to
the landscape. The land-use patterns in agricultural watersheds undergo dynamic changes based
on factors such as crop rotation, fallow periods, and specific cultivation techniques. These
variations significantly influence hydrological processes within the watershed, impacting
factors such as infiltration, erosion, and runoff. Agricultural operations, including tillage and
the application of organic or inorganic manure, play a vital role in shaping the soil structure
and modifying the watershed’s overall hydrological characteristics. While agriculture is
essential for food production, the sustainable management of agricultural watersheds is crucial
to balance productivity with environmental conservation, preventing issues like soil erosion

and maintaining water quality.

iii) Forest Watershed: A forest watershed is a unique ecological unit characterized by the
prevalence of dense tree cover and natural vegetation. In these watersheds, the land is
predominantly covered by forests, comprising a diverse array of plant species and supporting
rich biodiversity. Forest watersheds play a crucial role in regulating hydrological processes,
including water infiltration, storage, and release. The thick canopy of trees aids in intercepting
rainfall, reducing erosion, and maintaining soil stability. The root systems of trees contribute
to increased soil permeability and water retention. Forest watersheds act as natural sponges,
absorbing and gradually releasing water, which is vital for sustaining downstream ecosystems.
Additionally, these areas serve as habitats for a myriad of flora and fauna, contributing to
overall ecosystem health. Preserving and sustainably managing forest watersheds is essential
for ensuring water quality, biodiversity conservation, and the ecological balance of these

critical ecosystems.

iv) Mountain Watershed: These watersheds are predominantly characterized by mountainous
terrain, often experiencing substantial snowfall due to their higher altitudes. In many cases,
these landscapes boast significant vegetation, resembling forest watersheds. The interception
of precipitation is notable in such areas. Owing to steep gradients and less permeable soil,
infiltration is limited, leading to a predominance of high surface runoff during rainfall events

and frequent flash floods. Regions downstream of the mountains face an increased risk of

UNIT 1: WATERHED AS A NATURAL UNIT Page 7 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

flooding, particularly when heavy rainfall occurs in the mountainous areas, and flooding may
intensify if rain combines with snowmelt. Land use remains largely unchanged, and erosion is
minimal in rocky mountainous areas. The occurrence of slope sliding and collapsing is not
uncommon during periods of intense precipitation. Snowmelt contributes significantly to water
yield, particularly in spring and summer, offering potential for water supply. Groundwater
recharge is modest, while evapotranspiration plays a considerable role in the hydrological

dynamics of these watersheds.

v) Desert Watersheds: Desert watersheds typically lack vegetation, with predominantly sandy
soil and minimal annual rainfall. Blowing winds contribute to the formation of sand dunes and
mounds. Stream development is scarce in these arid regions. In instances of limited rainfall,
the porous soil absorbs most of it, with some evaporating, and the remainder running off only
to be absorbed along its path. Limited rainfall hinders substantial groundwater recharge in these

areas.

vi) Costal Watersheds: A coastal watershed is a unique geographical area that extends from
the inland regions to the coastline, where land and water interact dynamically. These
watersheds are often characterized by a blend of urban and natural landscapes, with hydrology
significantly influenced by the ebb and flow of tides and wave actions. Coastal watersheds
typically experience substantial rainfall, often in cyclonic patterns, and lack well-defined
channels for water flow, making them susceptible to localized flooding. Persistent coastal
erosion, driven by tidal forces, is a common challenge, and changes in land use are frequent.
The water table is usually high in coastal areas, and there is a constant risk of saltwater intrusion
into coastal aquifers, which serve as vital water sources. The gradual land gradient, slow
drainage, and sandy soil composition along the coast contribute to the distinct characteristics
of coastal watersheds. Effective management of these ecosystems is essential for balancing

environmental conservation and sustainable development in coastal regions.

vii) Wetland Watershed: A wetland watershed refers to the geographic area that drains into
and surrounds a wetland, influencing the hydrological processes within that wetland
ecosystem. Wetlands are areas where the water table is at or near the surface, creating unique
and valuable ecosystems that support diverse plant and animal life. The watershed of a wetland
includes the land that contributes water to the wetland through various mechanisms like surface
runoff, precipitation, and groundwater flow. These watersheds play a crucial role in the health

and functioning of wetland ecosystems.
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The characteristics of a wetland watershed can impact the water quality, nutrient cycling, and
overall ecological balance of the wetland. Wetlands often act as natural filters, trapping
sediments and pollutants from runoff before water enters the wetland proper. The vegetation
within the wetland watershed plays a significant role in stabilizing the soil, preventing erosion,

and providing habitat for a variety of species.

Watershed characteristics

Watershed characteristics refer to the distinctive attributes and features of a particular
watershed, which is an area of land where all the water, including rainfall and snowmelt, drains
to a common outlet, such as a river, lake, or ocean. These characteristics are essential for
understanding how a watershed functions and how it interacts with its surrounding

environment. Watershed characteristics mainly categorised into 4 parts.

1. Physical Characteristics
2. Hydrological Characteristics
3. Climatic characteristics

4. Socio-economic characteristics

Watershed Characteristics

Physical Hydrological Socio-economic Climatic

Fig 1.2: Watershed Characteristics

1. Physical characteristics: The physical characteristics of a watershed are essential for

understanding its unique features and how it functions. These characteristics include:

a) Size: The size of a watershed can vary widely, from small, local watersheds to large,

regional ones.
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Subwatershed
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Site Management
2-20ha
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Fig 1.3: Watershed Size, Source: Google

b) Shape: Watersheds can have different shapes, often determined by the topography and
the way water flows through the area. Watersheds having an infinite variety of shapes
such as pear, elongated, triangular, circular etc. based on morphologic parameters like
geology and structure. It determines the length width ratio which affects the runoff
characteristics like runoff time. A circular watershed would result in runoff from various
parts of the watershed reaching the outlet at the same time. However, an elliptical
watershed having the outlet at one end of the major axis and having the same area as
the circular watershed would cause the runoff to be spread out over time, thus producing

a smaller flood peak than that of the circular watershed.

circular

paybuoj2

Fig 1.4: Watershed Shape, Source: Google
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©)

d)

Length: The length of a watershed refers to the linear distance along the main
watercourse, typically measured from the headwaters to the outlet point where the water
flows out of the watershed. It is a fundamental parameter that influences the flow
patterns, drainage characteristics, and overall hydrological dynamics within the
watershed.

Slope: The slope of a watershed plays a crucial role in determining the momentum of
runoff, with consideration given to both watershed and channel slope. The watershed
slope signifies the pace at which elevation changes concerning the distance along the
primary flow route. This is typically computed by dividing the elevation difference
between the endpoints of the primary flow path by its length. It's important to note that
the highest elevation point may not necessarily be at the endpoint but could be along a
side boundary. In cases where there is notable variation in slope along the main flow
path, it may be more appropriate to assess multiple sub-watersheds and calculate the

slope for each.
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1 i 1 I 1 n 1 s 1 1
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Fig 1.5: Slope Map

The slope of a watershed is like the tilt of the land where water flows. It shows how fast the

ground goes up or down along the main path where water travels. To find the slope, we measure

the height difference between the starting and ending points of the water's path and divide it by

the distance. If the land changes height a lot along the way, we might look at smaller sections
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and figure out the slope for each. This slope helps us understand how water will move through

the landscape.

e) Drainage Area: The drainage area (A) stands out as a crucial watershed feature in
hydrologic design, serving as a key indicator of the potential volume of water resulting from
rainfall. Hydrologic design assumes a uniform and constant depth of rainfall across the
entire watershed. Consequently, the runoff volume is determined by multiplying the depth
ofrainfall by the drainage area. Therefore, the drainage area is an essential input for a variety
of models, ranging from straightforward linear prediction equations to intricate computer-
based simulations.

f) Drainage Density: Drainage density refers to the extent of the stream network within a
watershed, indicating the concentration of channels in relation to the total area. It is
calculated as the ratio of the combined length of all streams to the catchment area. Higher
drainage density implies a denser network of streams, which can influence the speed of

runoff and contribute to an increase in the peak of the hydrograph.

Drafaselionsing= Total length of all streams,km

2
Catchment area, km”

g) Topography: The watershed's topography, which includes the land's elevation and slope,
affects how water moves within the area. High mountains, valleys, and hills can influence
the flow of water.

h) Drainage Patterns: The way streams and rivers flow within the watershed is known as
the drainage pattern. Different watersheds may have dendritic (tree-like), trellis, or

rectangular patterns, depending on the topography.

Dendritic Radial

Fig 1.6: Drainage Pattern, Source: Google
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3

k)

)

Soil Types: The types of soil in the watershed influence how water is absorbed or runs
off. Sandy soils absorb water differently from clay soils, affecting the hydrology.
Vegetation: The types of vegetation, like forests or grasslands, can impact how water
is intercepted, absorbed, or transpired by plants, affecting water availability and quality.
Geology: The geological features in the watershed, including rock types, can influence
water quality and the landscape's stability.

Climate: Climate characteristics, such as temperature, precipitation patterns, and

seasonal variations, influence the amount and timing of water flow in the watershed.

m) Aquatic Ecosystems: The presence of rivers, lakes, wetlands, and other aquatic

ecosystems within the watershed is a significant physical characteristic, influencing
biodiversity and water quality.

Natural Features: Watersheds may have unique natural features like waterfalls,
canyons, or unique geological formations that impact water movement and local

ecosystems.

Understanding these physical characteristics is vital for managing watersheds effectively, as

they influence how water flows through the area and how human activities can impact the

environment. It also helps in developing strategies for conservation and sustainable land and

water use within the watershed.

2. Hydrological characteristics: The hydrological characteristics of a watershed refer to

the features and processes related to the movement and distribution of water within that specific

geographic area. These characteristics play a crucial role in the overall functioning of a

watershed. Some of the key hydrological characteristics include:

a) Precipitation: This includes the amount, intensity, and seasonal distribution of rain and

snowfall in the watershed. Precipitation is a primary water source for rivers and streams.

b)

Runoff: Runoff refers to the water that flows over the land surface when the ground is
saturated or impermeable, such as during heavy rain. The rate and volume of runoff are
important for understanding flood potential and water availability.

Infiltration: Infiltration is the process by which water soaks into the ground and
replenishes groundwater. The rate of infiltration is influenced by soil types, vegetation,

and land use.
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d)

g)

h)

),

k)

D

Groundwater: The presence and movement of groundwater within the watershed
impact the availability of water for wells and springs. The water table's depth is an
essential factor.

Streamflow: The flow of water in rivers and streams is a critical hydrological
characteristic. It includes flow patterns, seasonal variations, and base flow from
groundwater sources.

Evaporation and Transpiration: Water loss through evaporation from surface water
bodies and transpiration from vegetation is part of the hydrological cycle. The rates of
evaporation and transpiration depend on climate and vegetation types.

Water Storage: The watershed's ability to store water in natural reservoirs, such as
lakes or wetlands, can regulate the flow of water downstream and affect the availability
of water for various uses.

Water Quality: The chemical composition and quality of water in the watershed are
essential hydrological characteristics. Factors such as pollution, sediment content, and
nutrient levels impact water quality.

Flood Potential: The potential for flooding is a critical consideration. The watershed's
hydrological characteristics, including runoff and streamflow, influence the likelihood
and severity of floods.

Drought Susceptibility: Understanding how the watershed responds to prolonged
periods of low precipitation, such as droughts, is essential for water resource
management.

Sediment Transport: Watersheds may transport sediments, like soil and rocks, into
rivers and streams. This can impact water quality and lead to sedimentation in
reservoirs.

Water Temperature: The temperature of surface water bodies is important for aquatic

ecosystems. It affects the health of fish and other aquatic life.

These hydrological characteristics are interconnected and form the basis for managing water

resources, understanding the impact of land use and climate change, and ensuring a sustainable

water supply within the watershed. Knowledge of these characteristics is vital for effective

watershed management and environmental conservation.
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3. Climatic characteristics: Climatic characteristics of a watershed describe the weather

patterns, temperature, and precipitation conditions within that specific geographic area. These

characteristics play a significant role in the hydrology, ecology, and overall functioning of a

watershed. Here are some of the key climatic characteristics of a watershed:

a)

b)

d)

g)

h)

),

k)

Precipitation Patterns: The amount, distribution, and seasonal variation of rainfall and
snowfall in the watershed are crucial climatic characteristics. They impact water
availability and flow patterns.

Temperature Range: The temperature range, including seasonal variations and
extreme temperatures, affects the rate of evaporation, snowmelt, and the overall climate
of the watershed.

Climate Zones: The watershed may span different climate zones, such as temperate,
arid, or tropical. These climate zones influence the types of vegetation and ecosystems
present.

Seasonal Changes: Seasonal changes in temperature and precipitation, such as wet and
dry seasons, impact water availability, river flow, and the growth cycles of plants and
animals.

Climate Variability: Understanding climate variability, such as El Nifio and La Nifia
events, is essential as it can lead to extreme weather conditions, affecting water
resources and ecosystems.

Storm Frequency: The frequency and intensity of storms, including hurricanes,
cyclones, or monsoons, can lead to flooding and erosion within the watershed.
Humidity Levels: Humidity levels affect evaporation rates and the overall moisture
content in the watershed.

Wind Patterns: Wind patterns can influence the distribution of precipitation and the
movement of water vapor within the watershed.

Solar Radiation: The amount of solar radiation received by the watershed influences
temperature, evaporation, and the overall climate.

Climate Change: The watershed's vulnerability to climate change, including shifts in
temperature and precipitation patterns, is a significant consideration in watershed
management.

Microclimates: Within a larger watershed, there may be microclimates influenced by
local features such as mountains, bodies of water, or urban areas. These microclimates

can impact local weather conditions and ecosystems.
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)

Climate Extremes: The occurrence of extreme weather events, such as droughts,
heatwaves, or heavy rainfall, can have profound effects on water availability and the

health of ecosystems.

4. Socio-economic characteristics: The socio-economic characteristics of a watershed

refer to the social and economic factors that influence and are influenced by the management

and use of the land and water resources within that specific geographic area. Watersheds are

essential for the sustainable development of communities, and understanding the socio-

economic aspects is crucial for effective watershed management. Here are some key socio-

economic characteristics of watersheds:

a)

b)

g)

h)

Population Density and Distribution: The number of people living in the watershed
area and how they are distributed across the landscape can impact resource utilization
and management.

Land Use and Land Cover: The types of activities conducted on the land, such as
agriculture, urban development, forestry, and mining, influence the health of the
watershed and its water resources.

Livelihoods and Economic Activities: The predominant economic activities in the
watershed, such as agriculture, fishing, forestry, and tourism, play a significant role in
shaping the socio-economic landscape.

Income Levels: The income levels of the residents within the watershed influence their
ability to adopt sustainable practices and invest in watershed management.

Education and Awareness: The level of education and awareness about environmental
issues among the watershed population can impact their understanding and
participation in sustainable practices.

Infrastructure and Services: Availability and quality of infrastructure like roads,
schools, healthcare facilities, and water supply systems can affect the socio-economic
development of the watershed area.

Governance and Institutions: The effectiveness of local governance structures and
institutions in managing natural resources within the watershed can have a significant
impact on its sustainability.

Social Organizations and Networks: The presence of community-based
organizations, NGOs, and social networks can contribute to collective efforts in

watershed management and conservation.
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i) Cultural Practices: Local cultural practices and traditions can influence the way
communities interact with and manage their natural resources, including water.

j) Access to Resources: Equitable access to water resources, land, and other natural
resources can influence the socio-economic well-being of different segments of the
population.

k) Vulnerability to Climate Change: The socio-economic resilience of the watershed
community to climate change impacts, such as droughts or floods, is an important

consideration in sustainable watershed management.

Understanding these socio-economic characteristics helps in developing holistic and context-
specific watershed management strategies that not only address environmental concerns but
also take into account the needs and aspirations of the local population. Collaboration and

engagement with local communities are key components of successful watershed management

initiatives. In brief the characteristics of watershed is given below the table.

Table 1: Watershed Characteristics

Parameters Characteristics

Climate Temperature, Precipitation, Moisture

Size Micro Watershed, Watershed, Basin

Shape How it Looks

Drainage Pattern, Stream Ordering, Stream Frequency, Stream Density,
Bifurcation Ratio, Stream Length

Hierarchy Ordering of Watershed

Geology Rocks, Structure, Lineaments etc.

Slope and Aspect Surface Gradients and its Aspects

Soils Soils Texture and Types

Hydrology Water Behaviour and Response

Land Use Land Utilization Processes

Socio-economic Human Interferences
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Functions of Watershed

Watersheds play crucial roles in maintaining environmental, social, and economic functions.

The functions of a watershed are diverse and interconnected, impacting the well-being of both

natural ecosystems and human communities. Here are some key functions of watersheds:

a)

b)

g)

h)

)

k)

D

Water Supply: Watersheds are primary sources of freshwater, providing a sustainable
supply for drinking, agriculture, industry, and ecosystems.

Biodiversity Support: Watersheds support diverse habitats and ecosystems,
contributing to the maintenance of biodiversity by providing suitable conditions for
various plant and animal species.

Flood Regulation: Watersheds help regulate the flow of water, reducing the risk of
floods by storing and slowly releasing water during heavy rainfall events.

Erosion Control: Vegetation in watersheds helps prevent soil erosion by stabilizing the
soil, reducing the impact of runoff and preserving the integrity of riverbanks.
Groundwater Recharge: Watersheds contribute to the recharge of groundwater by
allowing water to percolate into the soil and replenish underground aquifers.

Climate Regulation: Vegetation in watersheds contributes to climate regulation by
absorbing carbon dioxide, releasing oxygen, and influencing local weather patterns.
Recreation and Aesthetics: Watersheds provide recreational opportunities such as
hiking, fishing, and boating, contributing to the well-being and enjoyment of
communities.

Cultural and Spiritual Significance: Many watersheds hold cultural and spiritual
importance for communities, often playing a role in traditions, ceremonies, and
folklore.

Hydropower Generation: Water flowing through watersheds can be harnessed for
hydropower generation, providing a renewable energy source.

Nutrient Cycling: Watersheds facilitate the cycling of nutrients through the ecosystem,
influencing soil fertility, and supporting plant growth.

Water Quality Maintenance: Natural processes within watersheds, such as wetlands
and riparian zones, filter and purify water, contributing to water quality maintenance.
Fisheries Support: Healthy watersheds support fisheries by providing suitable habitats

for fish reproduction, growth, and migration.

m) Agricultural Productivity: Watersheds contribute to agricultural productivity by

supplying water for irrigation and supporting fertile soils.
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n) Economic Value: Watersheds contribute significantly to the economy through various
sectors such as agriculture, tourism, and industry.

0) Educational and Research Value: Watersheds serve as living laboratories for
scientific research and education, providing insights into ecological processes,

hydrology, and environmental management.

Understanding and managing watersheds holistically are essential to maintaining these

functions, ensuring sustainability, and addressing the challenges posed by human activities and

climate change.

Stream Ordering

Stream ordering is a way of classifying and organizing the streams within a watershed based
on their size and position in the drainage network. A watershed or a river basin consists of its
several branches(segments) having different positions in the basin area and they have their own
morphometric characteristics and, therefore, it becomes necessary to locate the relative position
of a system in the basin, so that the hierarchical organisation of stream segments is visualised.
Thus, ‘stream order is defined as a measure of the position of a stream in the hierarchy of
tributaries’(L.B Leopold, M.G Wolman and J.P Miller, 1969).1t was Grevelius who made first
attempt in 1914 to determine the orders of stream network wherein he attempted to trace the

streams from the outlet to the source like an explorer.

Some of the geographer and engineers who contributed in stream ordering are H.Gravelius,

M.J Woldenberg, R.E Horton, A.N Strahler, R.L Shreve and A.E Scheidegger.

Strahler (1957) modified the Horton's method of stream ordering to make it more pragmatic
and application oriented. The Strahler stream order, also known as the Strahler method or
Strahler stream hierarchy, is a system used in geography and hydrology to classify and organize
the hierarchical structure of a river or stream network within a watershed. The method was

developed by Arthur Newell Strahler.
Here's an overview of how the Strahler stream order works:

First-Order Streams (Strahler Order 1): These are the smallest streams that do not have any
other streams flowing into them. When two first-order streams meet, they form a second-order

stream.
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Second-Order Streams (Strahler Order 2): Formed when two first-order streams come

together. If two second-order streams meet, they create a third-order stream.

Third-Order Streams (Strahler Order 3): Formed when two second-order streams converge.

Similarly, when two third-order streams join, they create a fourth-order stream, and so on.
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STREAM ORDER TONS RIVER, DEHRADUN N

1 Order Stream|
2 Order Stream|

M L I lkilometers 3 Order Stream| _E
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Fig 1.7: Stream Order

The stream order increases as more streams joins the network. The largest rivers in a watershed
are often higher-order streams. This hierarchical classification helps geographers, scientists and
hydrologists understand the structure and organization of river and stream networks within a
geographical area. The Strahler stream order is widely used in the analysis of drainage systems

and watershed management.
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Strahler Shreve

Fig 1.8: Stream Order, Source: Google

The Shreve method accounts for all links in the network. As with the Strahler method, all
exterior links are assigned an order of one. For all interior links in the Shreve method, however,
the orders are additive. For example, the intersection of two first-order links creates a second-
order link, the intersection of a first-order and second-order link creates a third-order link, and

the intersection of a second-order and third-order link creates a fifth-order link.

Delineation of Watershed

Watershed delineation on a geographical location is simply a process to identify the ridge
boundary surrounding a water body or runoff outlet. Basics of watershed delineation by using
topo-sheet (based on contours and runoff outlet) are understood. The use of latest and modern
technologies and tool like GPS or DGPS for (used for surveys), Remote Sensing Imageries and
GIS is helpful for improving the precision quality and automating the process. By using Digital
Elevation Model utility in GIS directly provides delineated boundaries of watersheds. During
the above exercise, we comprehend the analogue method for watershed delineation by topo-
sheet alone and also use of GPS, GIS and Remote Sensing to improve and hasten the process.
The use of GPS, GIS and Remote Sensing is very useful in replicating the process for the bigger

area and when large number of watershed/micro-watersheds needs to be delineated.

One should be very careful to understand that watershed delineation is very basic activity and
can be perform through topo-sheet alone; but the latest technologies like RS, GPS and GIS help

to provide accuracy, time saving and workability with vast spatial data handling.
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Fig 1.10: Delineation of Watershed by Toposheet, Source: Google
In brief the basic requirements for delineation of watershed we need:

e SOI Topo-graphic sheet of study area
e GPS Receiver Set/Grid Elevations collected through GPS/DGPS Survey
e Remote Sensing Satellite Image

e Computer system with GIS software

UNIT 1: WATERHED AS A NATURAL UNIT Page 22 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

WATERSHED TERMINOLOGY

Understanding watershed terminology is crucial for effective communication and management

of water resources. Here are key terms related to watersheds:

Catchment Area: The area from which precipitation flows into a particular river, lake, or

reservoir.

Divide (or Watershed Divide): The boundary separating one watershed from another. It is the

highest point along the ridge that determines the direction of water flow.
Headwaters: The source or upper reaches of a stream or river.

Tributary: A smaller river or stream that flows into a larger river or stream.
Mainstem: The main channel of a river or stream, also known as the primary stem.
Confluence: The point where two rivers or streams meet.

River Basin: An area of land drained by a river and its tributaries.

Surface Runoff: Water that flows over the land surface rather than infiltrating into the ground.

It can lead to erosion and contribute to streamflow.
Groundwater: Water that is stored in the earth's subsurface in soil pores and rock fractures.
Aquifer: A permeable underground layer of rock or sediment that contains water.

Infiltration: The process by which water soaks into the ground, replenishing soil moisture and

groundwater.

Baseflow: The portion of streamflow that comes from the seepage of groundwater into the

stream.
Floodplain: The flat or gently sloping land adjacent to a river, subject to periodic flooding.

Riparian Zone: The area of land adjacent to a water body, such as a river or stream,

characterized by the presence of vegetation influenced by the water.

Wetland: A land area that is saturated with water, either permanently or seasonally, and

characterized by unique soil and vegetation.

Stormwater: Rainwater or melted snow that runs off impervious surfaces (like roads and

rooftops) during storms.
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Channelization: The human-made alteration of the natural course of a river or stream, often

for drainage or flood control

Outlets or Pour Points: The outlet, or pour point, is the point on the surface at which water

flows out of an area. It is the lowest point along the boundary of a watershed.

Watershed
(Basin, Catchment, Watershed boundaries
Contributing Area) (Orainage divides)

Pour Points
(Outlets)

Fig 1.11: Pour Point, Source: Google

Hydrograph: A graphic of changes in water flow or water level plotted against time. A

hydrograph shows stage, flow, velocity, or other properties of water with respect to time.
The Headwater and its Significance in watershed

The headwater, often referred to as the upper reaches or upper watershed, is the starting point
of'ariver or a stream. It is the region where water first accumulates, typically at high elevations,
and begins to flow downhill, eventually forming a network of channels that merge to create a
river or stream. The significance of the headwater in a watershed is substantial, and
understanding its role is crucial for effective watershed management. Here are key points about

the headwater and its significance:

Watershed
dvitle Headwaters

Outlet

N

Fig 1.12: Headwater, Source: Google
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1. Water Source

a) Beginning of the River: The headwater is the origin of a river or stream, representing
the point where water begins its journey through the watershed.
b) Snowmelt and Springs: Headwaters often originate from snowmelt, springs, or

groundwater seepage at higher elevations.
2. Ecosystem Support

a) Biodiversity Hotspots: Headwater areas are often biodiversity hotspots, supporting
unique and specialized flora and fauna adapted to cold, fast-flowing waters.
b) Critical Habitats: Aquatic organisms, including fish and macroinvertebrates, depend

on the conditions provided by headwaters for their survival.
3. Water Quality and Quantity

a) Water Purity: Headwaters typically have relatively pure and clean water due to
minimal human disturbance, making them crucial for maintaining water quality
downstream.

b) Flow Regulation: The headwater plays a role in regulating the flow of water

downstream, influencing the timing and quantity of water available to lower reaches.
4. Erosion and Sedimentation

a) Origin of Sediments: Erosion and sedimentation processes often begin in the
headwaters. Understanding these processes is essential for managing sediment transport

downstream.
5. Climate Change Impact:

a) Sensitive to Climate Change: Headwater areas are often more vulnerable to climate
change impacts, such as changes in precipitation patterns, temperature, and snowmelt
timing.

b) Early Indicators: Changes in the headwater regions can serve as early indicators of

broader watershed responses to climate variations.
6. Recreational and Aesthetic Value:

a) Scenic Landscapes: Headwaters are often located in remote and scenic landscapes,

providing opportunities for outdoor recreation, tourism, and aesthetic appreciation.
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b) Cultural Significance: Some headwater areas may have cultural or spiritual

significance to local communities.
7. Water Supply for Downstream Areas

Downstream Impacts: The health of the headwaters directly influences the water quality and
availability downstream. Degradation of headwater areas can have cascading effects on the

entire watershed.

Understanding the significance of headwaters in a watershed is vital for sustainable water
resource management. Protection and conservation efforts in headwater regions contribute to
maintaining water quality, preserving biodiversity, and ensuring the resilience of the entire
watershed ecosystem. As such, integrated watershed management strategies often include

measures to safeguard and monitor the health of headwater areas.

1.4 SUMMARY

A watershed, also known as a drainage basin or catchment area, is a natural geographic unit
defined by the topography of the land, where all water within it flows to a common outlet, such
as a river, lake, or ocean. It is delineated by the highest points of elevation, called divides,
which separate it from adjacent watersheds. Watersheds play a crucial role in hydrological
cycles, as they collect, store, and distribute water resources, influencing the quantity and quality
of water available for various purposes, including drinking, irrigation, and industrial use.
Additionally, watersheds support diverse ecosystems and provide essential habitat for aquatic
and terrestrial organisms. Understanding watersheds as natural units is fundamental for
effective watershed management, as it enables the holistic management of water resources,

conservation of biodiversity, and sustainable development practices.

1.5 GLOSSARY

Tributary: A smaller river or stream that flows into a larger river or stream.
Mainstem: The main channel of a river or stream, also known as the primary stem.
Confluence: The point where two rivers or streams meet.

River Basin: An area of land drained by a river and its tributaries.
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Surface Runoff: Water that flows over the land surface rather than infiltrating into the ground.

It can lead to erosion and contribute to streamflow.
Groundwater: Water that is stored in the earth's subsurface in soil pores and rock fractures.
Aquifer: A permeable underground layer of rock or sediment that contains water.

Infiltration: The process by which water soaks into the ground, replenishing soil moisture and

groundwater.

1.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you know that Aquifer is a permeable underground layer of rock or sediment that contains

water?

2. Do you know that Tributary is a smaller river or stream that flows into a larger river or

stream?

3. Do you know that Hydrograph is a graphic of changes in water flow or water level plotted
against time. A hydrograph shows stage, flow, velocity, or other properties of water with respect

to time?
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1.8 TERMINAL QUESTIONS

Long Questions

1. What is watershed? Explain it in detail.

2.Why we called watershed as Natural Unit? Explain it in Detail.

3. What is the significance of the headwater in a watershed? Explain it.
4. What are the different methods of delineation of watershed?
5.What are the different characteristics Watershed?

Short Questions

1.What do you mean by stream order?

2. What are the Physical characteristics of watershed?

3.Write in brief about the classification of watershed based on Size.
4.What do you mean by outlet in watershed?

6.What is drainage density?

7. What is water divide?

Multiple Choice Questions

1.Which is the correct definition of aquifer?

a) The point where two rivers or streams meet.

b) An area of land drained by a river and its tributaries.

c¢) A permeable underground layer of rock or sediment that contains water.
d) None of the above

2. Which of the following term is not associated with watershed?
a) Water Divide

b) Pour Point

¢) Stream Order
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d) Oxygen

3. Which of the following is not a Physical characteristic of watershed?
a) Slope

b) Groundwater

c) Length

d) Size

Answer. 1. ¢,2. d,3. b
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2.1 OBJECTIVES

e You will able to define the concept of watershed management and its scope.

e ldentify various approaches used in watershed management, such as community-based,
ecosystem-based, and integrated watershed management.

e Understand the significance of watershed management in sustainable natural resource
management and rural development.

e Understand drainage patterns and processes involved in watershed management.

e Understand to analyze the factors influencing drainage patterns and their impact on

water flow and distribution.

2.2 INTRODUCTION

Watershed management represents a holistic approach to the sustainable utilization and
conservation of natural resources within a defined hydrological boundary. The concept
acknowledges watersheds as fundamental units for effective environmental management,
recognizing the interconnectedness of land, water, and vegetation within these areas.
Understanding the concept, scope, and significance of watershed management is crucial for
implementing strategies to address environmental degradation, enhance water security, and
promote socio-economic development. This chapter explores the various approaches employed
in watershed management, including community-based initiatives and integrated ecosystem
approaches, while also delving into the significance of effective drainage systems within
watersheds. By examining these key components, we aim to gain insights into the multifaceted
nature of watershed management and its implications for sustainable resource management and

livelihoods.

2.3 WATERSHED CONCEPT

A watershed is defined as the area of land where all the water drains into a central point, like
rivers, lakes or streams. The characteristics of the water flow and its relationship to the
watershed are a product of interactions between land and water (geology, slope, rainfall pattern,
land use, soils, and vegetation) and its use and management. A watershed is thus the basic unit
of water storage and supply, and the basic building block for integrated planning of land and

water utilization.
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Fig 2.1: Watershed Terminology, Source: Google

A watershed is like a giant, invisible bowl in the land where rain and other water flow down.
It's not just the rivers or lakes; it's the whole area of land that contributes water to them. Imagine
a lake — its watershed includes not only the rivers directly flowing into it but also all the land
that sends water to those rivers, which eventually reaches the lake. When we talk about

drainage basins, we mean even bigger areas that include many smaller rivers and streams.
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Fig 2.2: Watershed, Source: Google

Watersheds come in different sizes, ranging from small areas to really big ones. The size doesn't
matter when we talk about what a watershed is. If a watershed doesn't directly flow into the
ocean, it's still part of a bigger watershed that does. We might call it a "sub-watershed." Each

watershed has its own water cycle. Rainfall is the main source of water for a watershed. The
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rain that falls in a watershed either flows through it as surface water or groundwater, gets used

nn

by plants, or evaporates and transpires. People often use the terms "basin," "watershed," and
"catchment" interchangeably. When we say "basin management," we're talking about
overseeing the whole watershed, even across different countries. On the other hand, "watershed
management" focuses on smaller areas within the watershed. "Catchment" is basically another
word for watershed. Understanding these terms helps us grasp the idea of how water moves

and is managed in a particular area.

Wherever you are, you're always in a watershed. Watersheds are all around us, connecting the

land we're on, the water we have, and the communities we live in.

A watershed involves both the natural environment and the human activities in a specific area,
including all the land, resources, and people found between the boundaries set by the water

flow.

A watershed isn't just about water; it's also a combination of social, political, and ecological
factors. It's really important because it affects food, social life, and the economy, providing

essential services for people's well-being.

Fig 2.3: Watershed of Naukuchiatal Lake in Uttarakhand Himalaya, Source: Google Earth Pro

Definition of Watershed

e A drainage basin which is also named as catchment, drainage area, catchment area and

watershed is a natural unit which drains to a common stream (Leopold et al.1964)
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e A drainage basin is a scientific-geographic unit having well defined topographic
boundaries and forming a nested hierarchical pattern following the ordering of streams
(Chorley and Haggett 1967)

e A drainage basin functions as hydrological system in which the relationship and balance
between the inputs and outputs of energy is controlled and regulated by the intermediate
processes of evaporation, transpiration, infiltration, run-off, soil moisture storage, sub-
surface flow and groundwater storage and recharge. A watershed is a topographically

delineated area that is drained by a stream system (World Bank 2001)

e A watershed is differentiated from a river basin in that a river basin, with its trunk stream
flowing to the sea, may encompass hundreds of watersheds and many other types of land
formations (Food and Agricultural Organization of the United Nation 2001)

Concept of Watershed Management

The concept of watershed management revolves around the holistic and integrated approach to
managing natural resources within a specific watershed. Watershed management recognizes
the interconnectedness of water, soil, vegetation, and human activities, aiming to promote
sustainable development and the conservation of natural resources. Here are key elements of

the concept of watershed management:

Integrated Approach: Watershed management considers the entire watershed as a unit for
planning and decision-making. It involves the integration of various disciplines, such as

hydrology, ecology, agriculture, forestry, and socio-economic aspects.

Sustainable Resource Use: The goal is to ensure the sustainable use of water, soil, and other

natural resources within the watershed.

Practices are implemented to prevent degradation, promote conservation, and maintain the

ecological balance.

Ecosystem-Based Management: Watershed management focuses on preserving and restoring

natural ecosystems, including forests, wetlands, and biodiversity.
Healthy ecosystems contribute to water quality, regulate water flow, and support biodiversity.

Land Use Planning: Careful planning of land use activities to prevent soil erosion,

sedimentation, and degradation.
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Balancing competing land uses, such as agriculture, urban development, and conservation, to

meet the needs of both people and the environment.

Water Quality Protection: Measures are implemented to protect and improve water quality
within the watershed. This includes minimizing pollution from agricultural runoff, industrial

discharges, and other sources.

Community Involvement: Active participation of local communities in decision-making
processes. Building community capacity through education, awareness, and training to ensure

the sustainable use of resources.

Flood Control and Disaster Mitigation: Implementation of strategies to mitigate the risk of
floods and other natural disasters. Planning for sustainable land use to reduce the impact of

extreme events on communities.

Water Harvesting and Storage: Adoption of water harvesting techniques to capture and store
rainwater for various uses. Construction of reservoirs and other storage facilities to ensure a

reliable water supply.

Monitoring and Data Collection: Regular monitoring of hydrological, ecological, and socio-
economic parameters within the watershed. Collection of data to assess the effectiveness of

management practices and adapt strategies accordingly.

Policy and Governance: Development and implementation of policies that support sustainable
watershed management. Establishment of effective governance structures involving

collaboration between various stakeholders.

The concept of watershed management recognizes that actions in one part of the watershed can
have implications for other areas, and a comprehensive, collaborative approach is essential for
long-term sustainability. It seeks to balance the needs of human communities with the
conservation of natural ecosystems, promoting resilience in the face of environmental

challenges and changes.
Scope of Watershed Management

The scope of watershed management encompasses a wide range of activities and considerations
aimed at the sustainable development and conservation of natural resources within a specific

watershed. The key components of the scope include:
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Water Resource Management: Efficient utilization, conservation, and sustainable
management of water resources within the watershed. Balancing the needs of various users,

including agriculture, industry, and domestic water supply.

Land Use Planning: Sustainable land use practices to prevent soil erosion, degradation, and
loss of fertile topsoil. Integration of land use planning with water resource management to

achieve overall watershed health.

Soil Conservation: Implementation of soil conservation practices to maintain soil health and
prevent sedimentation in water bodies. Promoting sustainable agricultural practices that

minimize soil erosion.

Ecosystem Conservation: Preservation and restoration of natural ecosystems, including
forests, wetlands, and biodiversity, to maintain ecological balance. Protection of critical

habitats and promotion of biodiversity.

Flood Control and Disaster Management: Implementation of measures to mitigate the risk
of floods and other natural disasters. Planning for disaster resilience and effective emergency

response.

Community Participation: Active involvement of local communities in decision-making

processes, implementation of management practices, and capacity building.
Ensuring that the local communities are key stakeholders in the management of their resources.

Water Quality Protection: Implementation of strategies to protect and improve water quality
within the watershed. Reduction of pollution from agricultural runoff, industrial discharges,

and other sources.

Climate Change Adaptation: Integration of climate change adaptation strategies into
watershed management plans. Planning for potential changes in precipitation patterns,

temperature, and extreme weather events.

Water Harvesting and Storage: Adoption of water harvesting techniques to capture and store
rainwater for various uses. Construction of reservoirs and other storage facilities to ensure a

consistent water supply.

Integrated Watershed Planning: Development of comprehensive plans that integrate various
aspects of watershed management. Consideration of the interconnectedness of water, land,

ecosystems, and human activities.
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Significance of Watershed Management
The significance of watershed management lies in its positive impact on environmental
sustainability, social well-being, and economic development. Key aspects of its significance

include:

Sustainable Resource Use: Ensures the sustainable use of water, soil, and other natural

resources, preventing over-exploitation and degradation.

Biodiversity Conservation: Protects and enhances biodiversity by preserving natural habitats

and supporting ecosystem functions.

Food and Water Security: Contributes to food security by promoting sustainable agriculture

practices and ensuring a reliable water supply for crops.

Economic Development: Facilitates economic development through the sustainable use of

natural resources, supporting agriculture, tourism, and other sectors.

Resilience to Climate Change: Enhances the watershed's resilience to climate change impacts

by incorporating adaptive strategies.

Mitigation of Natural Hazards: Reduces the risk of natural hazards such as floods, landslides,

and droughts through effective land management.

Improved Water Quality Protects and improves water quality, benefiting both the

environment and human health.

Community Well-being: Improves the overall well-being of communities by ensuring access

to clean water, sustainable livelihoods, and a healthy environment.

Conflict Resolution: Addresses potential conflicts over water resources and land use by

promoting collaborative and inclusive decision-making.

Policy and Governance: Contributes to the development and implementation of policies that

support sustainable watershed management.
Establishes effective governance structures for coordination among stakeholders.

Hierarchy of Watershed
The concept of a hierarchy in watershed management refers to the organization and structuring
of different levels or scales within a watershed. Watersheds, also known as catchments or

drainage basins, are naturally hierarchical systems that consist of nested components, each
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influencing the others. Understanding this hierarchy is crucial for effective watershed

management. Here's an explanation of the hierarchy of a watershed:
Watershed or Basin Level:

Definition: The largest scale in the hierarchy, encompassing the entire drainage basin or

watershed.

Characteristics: Defines the boundaries of the entire area where all precipitation drains into a

single outlet, such as a river mouth, lake, or estuary.

Importance: Decisions and management strategies at this level have broad implications for

the entire watershed.
Sub-Watershed or Sub-Basin Level:
Definition: Intermediate scale, representing smaller drainage areas within the larger watershed.

Characteristics: Comprises a network of smaller streams and tributaries that contribute to the

main river or water body.

Importance: Management strategies here can address more localized issues, considering the

unique characteristics of each sub-watershed.
Catchment Level:

Definition: The smallest scale in the hierarchy, focusing on individual catchments or small

drainage areas.
Characteristics: Includes specific landforms, hills, valleys, and local drainage patterns.

Importance: Management at this level can address highly localized issues, such as erosion,

sedimentation, or water quality problems in specific areas.

Understanding and managing watersheds at different scales is crucial for effective and
sustainable watershed management. Each level in the hierarchy influences the others, and

actions at one scale can have cascading effects on the entire watershed. For example:
Upstream-Downstream Relationships:

Activities in the upper reaches of a watershed can impact downstream areas. Land use changes,
deforestation, or pollution in the upper reaches can affect water quality and quantity

downstream.
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Cumulative Effects: The cumulative impact of land use changes, development, and
environmental degradation at the smaller scales (sub-watershed and catchment) contributes to

the overall health of the larger watershed.

Source of Water Flow: The movement of water from smaller tributaries to larger rivers and,

eventually, to the main outlet is a key consideration in managing water resources effectively.

Managing a watershed as a hierarchy involves recognizing the interconnectedness of different
scales, incorporating a range of stakeholders, and implementing strategies that consider both
the localized and broader context of water resource management. It requires collaboration
among communities, government agencies, and other stakeholders to address challenges and

promote sustainable practices throughout the entire watershed hierarchy.

Downstream Impacts: The health of the headwaters directly influences the water quality and
availability downstream. Degradation of headwater areas can have cascading effects on the

entire watershed.

Understanding the significance of headwaters in a watershed is vital for sustainable water
resource management. Protection and conservation efforts in headwater regions contribute to
maintaining water quality, preserving biodiversity, and ensuring the resilience of the entire
watershed ecosystem. As such, integrated watershed management strategies often include

measures to safeguard and monitor the health of headwater areas.

Watershed Management: A dynamic Approach

The First-Generation Watershed Management

The initial phase of watershed management efforts in developing nations during the 1970s and
1980s prioritized safeguarding forests, water resources, and downstream assets, especially
reservoirs, with a predominant reliance on engineering solutions. Unfortunately, these
programs did not integrate the socioeconomic aspects of watersheds into the natural resource
conservation process. The primary focus of these projects was on preserving soil, forests, and
water resources, primarily employing structural techniques. Termed as the first generation of
watershed management programs, the outcomes were less favourable, particularly in
developing countries, as they lacked a comprehensive understanding of the human dimension
in natural resource management. Consequently, a new or second-generation watershed
management approach, backed by the international community, emerged in the 1990s, aiming

to address these shortcomings.
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The Second or New Generation Watershed Management

During the 1990s, a newer phase of watershed management initiatives directed their attention
towards addressing challenges in natural resource management and alleviating poverty in
upland areas. This involved employing farming systems, participatory approaches, and
strategies for enhancing livelihoods. The second-generation watershed management operations
placed a stronger emphasis on participatory natural resource management, poverty reduction,
and the enhancement of livelihoods through sustainable farming systems in upland regions.
This approach aimed to integrate natural, economic, and socio-economic factors within the
watershed, especially in developing countries. However, it fell short of establishing a
comprehensive framework for the desired integration of the natural, social, and economic

components of watershed management.

Watershed Management Approaches

The management of watersheds involves the coordinated utilization of land, vegetation, and
water within a distinct drainage area, aiming to benefit its inhabitants. The primary goal is to
safeguard and conserve the hydrological services offered by the watershed while mitigating or
preventing adverse impacts downstream or on groundwater. Various approaches to watershed
management have emerged to address the intricate challenges associated with natural resource
management, utilizing the watershed as a practical and functional unit for implementation.
Watershed management has evolved over time, and various approaches have been developed
to address the complex interactions within watersheds. Here's a simplified chronological

overview of key approaches to watershed management:

1. Engineering Approach/Conventional Approach (1900s - 1960s):

a) Focus on Structural Solutions:
Dams: Large dams were constructed to regulate river flows, store water during periods of
excess, and release it during drier periods. This served objectives like flood control, irrigation,

and urban water supply.

Levees: Levees, or embankments, were built along rivers to prevent flooding by confining the

river within a specified channel.

Channelization: Altering the natural course of rivers through channelization involved
straightening, dredging, or modifying watercourses to improve drainage, facilitate navigation,

or control floods.
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b) Objectives:
Flood Control: The primary goal was to protect communities and agricultural lands from the
destructive impacts of flooding. Dams and levees were designed to regulate river flows and

reduce the risk of floods.

Water Storage: Dams were constructed to store water for various purposes, including
agricultural irrigation and municipal water supply. This storage was crucial for meeting water

demands during dry periods.

c) Limitations:
Ecological and Environmental Impacts: The Engineering Approach had significant

drawbacks due to its limited consideration of ecological and environmental impacts.

Habitat Destruction: Dams and channelization often led to the destruction of natural habitats,

affecting fish migration, spawning grounds, and other aquatic ecosystems.

Altered River Flow: Structures like dams altered the natural flow regimes of rivers, impacting

sediment transport, nutrient cycling, and the overall health of river ecosystems.

d) Societal Implications:
Displacement of Communities: Large dam projects, in particular, often resulted in the
displacement of communities living in the project area, leading to social and economic

challenges for affected populations.

Water Allocation Issues: The focus on engineering solutions sometimes led to conflicts over

water allocation between different users, such as agricultural, industrial, and urban sectors.

e) Technological Optimism:
The Engineering Approach reflected a prevailing optimism in technological solutions to
address water-related challenges. The belief was that large-scale infrastructure projects could

effectively control water resources.

f)  Evolution and Critique:
Over time, the limitations of the Engineering Approach became more apparent, leading to a
recognition of the need for more comprehensive and ecologically sensitive approaches to

watershed management.

This period laid the groundwork for subsequent shifts towards more integrated and sustainable

approaches that consider the broader ecological, social, and economic aspects of watershed
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management. The recognition of the environmental impacts of large-scale engineering

interventions became a catalyst for evolving methodologies in the following decades.

2. Land Resource Planning (1960s - 1970s):

a) Shift Towards Land-Use Planning and Soil Conservation:
Land-Use Planning: There was a notable shift in focus towards considering the overall land-
use planning within watersheds. This involved assessing and planning for different types of

land uses to ensure sustainability and prevent degradation.

Soil Conservation: Recognition grew regarding the importance of preventing soil erosion. Soil

conservation measures became a central aspect of watershed management during this period.

b) Recognition of the Importance of Vegetation:

Vegetation for Soil Erosion Control: The Land Resource Planning approach emphasized the
crucial role of vegetation, such as forests and natural cover, in preventing soil erosion. The
presence of vegetation stabilizes soil, reduces runoftf, and contributes to overall watershed

health.

Afforestation and Reforestation: Efforts were made to promote afforestation (planting trees
in areas that were previously forested) and reforestation (replanting trees in areas where forests

were removed) as strategies to enhance vegetation cover.

c) Beginning of Integration and Dominant Focus on Technical Solutions:
Transition to an Integrated Approach: While this period marked a transition towards a more

integrated approach, there was still a predominant focus on technical solutions.

Technical Solutions: Engineering solutions continued to play a significant role, with an
emphasis on soil conservation practices and structural interventions to manage water flow and

prevent erosion.

Limited Social Considerations: The integration during this period was more centered on
combining traditional engineering solutions with emerging considerations for land use and soil

conservation, but social aspects were not as prominent.

d) Focus on Preventing Soil Erosion and Maintaining Overall Watershed Health:
Preventing Soil Erosion: The primary goal during this era was to prevent soil erosion,
recognizing its detrimental effects on water quality, sedimentation, and overall ecosystem

health.
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Stabilizing Soeil: Vegetation and soil conservation practices were promoted to stabilize soil,

reducing the risk of erosion and improving the resilience of the watershed.

Overall Watershed Health: The focus extended beyond individual components to the broader

goal of maintaining the overall health and functionality of the watershed ecosystem.

e) Challenges and Critiques:
Technical Bias: Despite the shift towards an integrated approach, there was a lingering bias
towards technical solutions, and the ecological and social dimensions of watershed

management were not fully addressed.

Limited Community Engagement: The involvement of local communities and stakeholders

was still not as prominent as it would become in later approaches.

The Land Resource Planning approach laid the groundwork for a more holistic understanding
of watershed dynamics, setting the stage for subsequent approaches that would increasingly
incorporate ecological, social, and economic considerations into watershed management

strategies.
3. Integrated Watershed Management (1980s - 1990s):

a) Holistic Approach:
Integrated Thinking: This era marked a significant departure from previous approaches by
emphasizing a holistic understanding of watersheds. It recognized that effective watershed

management must integrate social, economic, and environmental considerations.
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Ecosystem Perspective: Management strategies began to view the watershed as an ecosystem,

acknowledging the interconnectedness of its components.

b) Participatory Approaches:
Community Involvement: A key shift was the active involvement of local communities and
stakeholders in decision-making processes. This marked a departure from top-down

management approaches.

Local Knowledge: Recognizing and incorporating local knowledge became crucial in

designing and implementing effective watershed management plans.

Collaboration: Collaboration between government agencies, non-governmental organizations

(NGOs), and local communities became a central tenet.

C) Balancing Water Resource Development with Conservation:
Sustainable Development: The approach sought a balance between water resource
development for human needs (e.g., agriculture, urban areas) and the conservation of natural

resources.

Ecosystem Health: Efforts were made to manage water resources sustainably without

compromising the ecological integrity of the watershed.
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d) Sustainable Practices:
Agroforestry: Introduction and promotion of agroforestry practices, integrating trees and

shrubs into agricultural systems to enhance sustainability.

Soil Conservation: Continued emphasis on soil conservation, but with a broader perspective,

considering the overall health of the watershed ecosystem.

Biodiversity Conservation: Recognition of the importance of biodiversity and the promotion

of practices that safeguard and enhance it.

e) Economic Considerations:
Livelihood Improvement: Consideration of economic aspects within watershed management,

aiming to improve the well-being of local communities.

Income Generation: Strategies were designed to support income generation through

sustainable agricultural practices, eco-tourism, and other livelihood activities.

Cost-Benefit Analysis: Economic considerations were factored into decision-making

processes, evaluating the costs and benefits of different management approaches.

f) Challenges and Advancements:
Complex Decision-Making: Integrating multiple dimensions posed challenges in decision-
making, as trade-offs between economic development, environmental conservation, and social

equity needed careful consideration.

Adaptive Management: Recognition of the need for adaptive management, as ecosystems are
dynamic and subject to change. The approach embraced ongoing learning and adjustments

based on monitoring and feedback.

The Integrated Watershed Management approach represented a significant step forward in the
evolution of watershed management, recognizing the importance of a balanced, inclusive, and

adaptive approach to address the complex challenges within watersheds.
4. Ecosystem-Based Approach (2000s - present):

a) Focus on Ecosystem Services and Biodiversity Conservation:
Ecosystem Services: The primary focus of this approach is on understanding and harnessing
ecosystem services provided by watersheds. Ecosystem services include the provisioning of

clean water, regulation of water flow, nutrient cycling, and supporting biodiversity.
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Biodiversity Conservation: Recognizing the intrinsic value of biodiversity, efforts are
directed towards the conservation and restoration of diverse plant and animal species within

the watershed.

b) Recognition of the Interconnectedness of Ecological Processes:
Ecosystem Thinking: Emphasis on viewing the watershed as an interconnected and dynamic
ecological system. The approach recognizes that changes in one part of the watershed can have

cascading effects on the entire ecosystem.

Holistic Understanding: Decision-making considers the interactions between various
components, understanding that the health of one element (such as soil, vegetation, or water)

influences the health of the entire watershed.

C) Promotion of Sustainable Land Use and Protection of Natural Habitats:
Sustainable Land Use: The approach encourages land-use practices that are sustainable and
compatible with maintaining ecosystem health. This includes practices like agroecology,

sustainable agriculture, and responsible urban development.

Protection of Natural Habitats: Preservation and restoration of natural habitats, such as
wetlands, forests, and riparian zones, are prioritized to support biodiversity and maintain

ecosystem services.

d) Adaptive Strategies:
Climate Change Considerations: The Ecosystem-Based Approach integrates considerations

for climate change impacts on watersheds.

Adaptive Management: Strategies are designed to be adaptive, recognizing that ecosystems
are subject to change. This involves continuous monitoring and the ability to adjust

management practices in response to new information or changing environmental conditions.

Resilience Building: Efforts are made to enhance the resilience of the watershed ecosystem to

withstand and recover from disturbances, including those related to climate change.

e) Collaboration and Stakeholder Engagement:
Multi-Stakeholder Collaboration: Collaboration among diverse stakeholders, including
government agencies, NGOs, local communities, and the private sector, is essential for

effective ecosystem-based management.
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Science-Community Partnerships: Engaging local communities in citizen science and
involving them in monitoring and management activities fosters a sense of ownership and

responsibility.

f) Promotion of Watershed Connectivity:
Connectivity: Recognizing the importance of connected landscapes, the approach promotes
measures to enhance connectivity within the watershed, facilitating the movement of species

and ecological processes.

g) Challenges and Opportunities:
Complexity: Managing ecosystems is inherently complex due to the myriad interactions
between biotic and abiotic components. This complexity poses challenges in predicting

outcomes and requires a nuanced, adaptive approach.

Opportunities for Restoration: The approach sees opportunities for restoring degraded
ecosystems, such as reforesting deforested areas, restoring wetlands, and implementing

sustainable land-use practices.

The Ecosystem-Based Approach represents a contemporary paradigm in watershed
management, emphasizing the need for a deep understanding of ecological processes,

sustainable practices, and adaptive strategies to address current and future challenges.

5. Climate-Resilient Watershed Management (2010s - present):

I ———
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Adaptive Watershed Governance: Connecting Dots
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a) Integration of Climate Change:
Climate Change Considerations: This approach acknowledges and integrates
considerations for the impacts of climate change on watersheds. It recognizes that climate
change can alter temperature patterns, precipitation regimes, and the frequency and intensity

of extreme weather events.

b) Adaptation Strategies:
Changing Precipitation Patterns: Given the anticipated changes in precipitation patterns,
climate-resilient watershed management develops strategies to adapt to variations in rainfall,

snowfall, and overall water availability.

Extreme Weather Events: Recognizing the increased occurrence of extreme weather events
(such as floods, droughts, and storms), the approach incorporates measures to manage and

mitigate the impacts of these events.

Water Resource Management: Strategies may include improved water storage, floodplain
management, and changes in water allocation practices to cope with changing hydrological

conditions.
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C) Resilience Building:
Emphasis on Resilience: The overarching goal is to build resilience within watersheds,

enabling them to withstand and recover from the impacts of climate change.

Adaptive Capacity: The approach focuses on enhancing the adaptive capacity of ecosystems
and communities within watersheds. This involves promoting practices that enable

ecosystems and communities to adjust to changing conditions.

Ecosystem Resilience: Measures such as habitat restoration, soil conservation, and
sustainable land management contribute to the overall resilience of the watershed's ecological

systems.

d) Multi-Sectoral Collaboration
Collaboration with Climate Scientists: Climate-resilient watershed management often
involves collaboration with climate scientists to understand climate projections and develop

science-based strategies.

Interagency Collaboration: Collaboration between various governmental and non-
governmental agencies, communities, and climate resilience experts is crucial for developing

comprehensive and effective strategies.

e) Community Engagement
Community-Based Adaptation: Empowering local communities to actively participate in
climate-resilient practices. This includes building awareness, providing education, and

involving communities in decision-making processes.

Traditional Knowledge: Incorporating traditional knowledge from local communities,

which often holds valuable insights into adapting to environmental changes.

f) Technology Integration
Use of Technology: Employing technology, such as remote sensing, GIS (Geographic
Information System), and data analytics, to monitor and assess climate impacts and inform

decision-making.

Early Warning Systems: Implementing early warning systems for extreme weather events

to help communities and authorities prepare and respond effectively.
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g) Policy and Planning
Climate-Resilient Policies: Developing and implementing policies that promote climate-

resilient practices in land use, water resource management, and infrastructure development.

Land-Use Planning: Integrating climate considerations into land-use planning to ensure

sustainable development in the face of changing climate conditions.

The Climate-Resilient Watershed Management approach reflects a contemporary
understanding of the urgent need to address climate change impacts on watersheds. It combines
scientific knowledge, community engagement, and adaptive strategies to enhance the resilience

of ecosystems and communities within watersheds.
6.Community-Based Watershed Management (ongoing):

a) Community Involvement:
Empowering Communities: A fundamental principle of community-based watershed
management is to empower local communities to actively participate in decision-making

processes related to watershed management.

Stakeholder Engagement: Engaging community members, as well as other stakeholders such
as local organizations, NGOs, and government agencies, fosters a collaborative approach to

managing the watershed.

b) Recognition of Local Knowledge:
Local Wisdom: This approach acknowledges and values the wealth of local knowledge held
by communities residing in or near the watershed. Local knowledge often encompasses insights

into traditional land-use practices, ecosystem dynamics, and sustainable resource management.

Integration with Scientific Knowledge: Combining traditional knowledge with scientific
understanding creates a more comprehensive approach to watershed management, where both

indigenous and technical perspectives contribute to decision-making.

c) Bottom-Up Approaches:
Local Needs and Priorities: Instead of imposing solutions from the top-down, community-
based watershed management emphasizes understanding and addressing local needs and

priorities.
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Tailored Solutions: Bottom-up approaches involve developing and implementing strategies
that are context-specific, considering the unique characteristics of the watershed and the

communities within it.

Participatory Planning: Collaborative planning processes ensure that the solutions resonate

with the community, increasing the likelihood of successful implementation and sustainability.

d) Capacity Building:
Skills and Knowledge Transfer: Capacity building within communities involves the transfer
of skills and knowledge related to watershed management. This can include training programs,

workshops, and educational initiatives.

Empowerment: Strengthening the capacity of communities enhances their ability to actively
participate in decision-making, take ownership of conservation efforts, and respond to changes

in the watershed environment.

e) Social Equity:
Inclusive Decision-Making: Ensuring the inclusivity of decision-making processes promotes
social equity. All members of the community, including marginalized groups, should have the

opportunity to contribute to and benefit from watershed management efforts.

Equitable Resource Distribution: Addressing social equity also involves considering the fair

distribution of resources and benefits derived from the watershed.

f) Cultural Considerations:
Cultural Sensitivity: Recognizing and respecting cultural values and practices is crucial in
community-based watershed management. This involves understanding how cultural norms

and traditions shape interactions with the environment.

Preserving Cultural Heritage: Efforts are made to ensure that watershed management

practices align with and, where possible, contribute to the preservation of cultural heritage.

9) Community Monitoring and Evaluation:
Local Monitoring Initiatives: Engaging communities in monitoring the health of the

watershed fosters a sense of responsibility and ownership.

Feedback Loops: Establishing feedback mechanisms ensures that communities can adapt
strategies based on their observations and experiences, contributing to the adaptive capacity of

the watershed management approach.
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Community-Based Watershed Management exemplifies a participatory and inclusive
approach, leveraging the knowledge, skills, and commitment of local communities to
sustainably manage and conserve watersheds. This ongoing approach recognizes the vital role

communities play in shaping the future of their local environments.
DRAINAGE OF WATERSHED MANAGEMENT

Drainage is an integral component of watershed management, as it influences the movement
of water within a watershed, affecting both surface water and groundwater. Effective drainage
systems help prevent flooding, control erosion, and manage water quality. Here are key aspects

related to drainage in the context of watershed management:
1. Surface Water Drainage:

Channels and Watercourses: Designing and maintaining natural or engineered channels
within the watershed to facilitate the flow of surface water. This helps prevent waterlogging

and minimizes the risk of flooding in low-lying areas.
2. Erosion Control:

Vegetative Cover: Maintaining or enhancing vegetative cover, including forests, grasslands,
and riparian vegetation, to control soil erosion. Plants play a crucial role in stabilizing soil and

reducing runoff.

Soil Conservation Practices: Implementing erosion control measures such as contour

plowing, cover cropping, and terracing to minimize soil loss and sedimentation in water bodies.
3. Stormwater Management:

Infrastructure: Developing stormwater management infrastructure, such as retention ponds,
swales, and permeable surfaces, to capture and control stormwater runoff. This helps prevent

flash floods and reduces the risk of pollutants entering water bodies.
4. Urban Drainage:

Urban Planning: Integrating drainage considerations into urban planning to address issues

related to impervious surfaces and increased runoff in urbanized areas.

Green Infrastructure: Incorporating green infrastructure, such as green roofs, permeable
pavements, and urban green spaces, to enhance natural drainage processes and improve water

quality.
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5. Groundwater Recharge:

Permeable Surfaces: Using permeable surfaces in both rural and urban areas to allow rainfall

to infiltrate into the soil, promoting groundwater recharge.

Protection of Recharge Areas: Identifying and protecting areas where groundwater recharge

occurs naturally, ensuring that these areas are not compromised by pollution or development.
6. Wetland Management:

Natural Drainage Basins: Preserving and restoring natural drainage basins, including
wetlands and floodplains, as they play a vital role in regulating water flow, storing excess water

during floods, and providing habitat for diverse species.

Buffer Zones: Establishing buffer zones along water bodies to filter and capture pollutants,

improving water quality and reducing the impact of runoff.
7. Water Quality Protection:

Pollution Prevention: Implementing measures to prevent pollution in drainage systems. This
may include controlling runoff from agricultural areas to minimize nutrient and sediment

transport and managing industrial discharges.

Riparian Zone Management: Protecting and restoring riparian zones along water bodies to

act as natural buffers, filtering pollutants and stabilizing banks.
8. Mapping and Modelling:

Hydrological Modelling: Utilizing hydrological models to simulate and understand the
movement of water within the watershed, including drainage patterns and potential flood-prone

arcas.

GIS Mapping: Creating detailed maps of the watershed's drainage network to inform planning

and management decisions.

Effective drainage strategies should consider the entire watershed, promoting sustainable water
management practices that balance the needs of various stakeholders while protecting the
health of ecosystems within the watershed. Integration with other aspects of watershed
management, such as land use planning, community engagement, and environmental

conservation, is essential for comprehensive and sustainable drainage solutions.
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1. 4 SUMMARY

Watershed management encompasses the integrated management of land, water, and vegetation
resources within a specific hydrological boundary. The concept acknowledges watersheds as
fundamental units for natural resource management. Its scope includes addressing soil
conservation, water conservation, and sustainable livelihoods. Various approaches to watershed
management exist, including community-based, ecosystem-based, and integrated approaches,
each emphasizing the involvement of stakeholders and interdisciplinary collaboration. These
approaches aim to achieve multiple objectives such as enhancing agricultural productivity,
conserving water resources, and improving rural livelihoods. Drainage plays a crucial role in
watershed management, influencing water flow, distribution, and erosion patterns. Effective
drainage systems are essential for mitigating erosion, flooding, and soil degradation within
watersheds, thus highlighting the significance of proper drainage in sustainable watershed

management practices.

2.5 GLOSSARY

Wetland: A transitional area between terrestrial and aquatic ecosystems characterized by
saturated or seasonally flooded conditions, where the presence of water influences the soil,

vegetation, and wildlife.

Climate: Long-term patterns of temperature, precipitation, humidity, wind, and other

atmospheric conditions in a particular region.

Stream Order: A classification system used to categorize streams and rivers based on their
position within a watershed and their hierarchical relationship to other streams, typically

determined by the number of tributaries they receive.

Toposheet: A detailed map that represents a specific area, typically showing topographical

features such as contours, landforms, water bodies, and human-made structures.

Livelihood: The means by which individuals or households secure the necessities of life,
including food, shelter, income, and other resources, often through employment,

entrepreneurship, or other economic activities.

Springs: Natural sources of water that emerge from the ground, typically occurring where

underground water flows to the surface, providing a constant supply of freshwater.
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2.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you know that Toposheet is a detailed map that represents a specific area, typically
showing topographical features such as contours, landforms, water bodies, and human-made

structures?

2.7 REFERENCES

e Dhruv Narain, VV, Sastry, G. and Pathak, U.S. (1997). Watershed Management,

e Published by DIPA, ICAR, New Delhi, pp. 176.

e James, AJ, 22 October 2017. WATERSHED DEVELOPMENT IN INDIA Approach
evolving through experience

e Khan, M.A. (2002). Watershed Management for Sustainable Agriculture. Agrobios.
(India), Jodhpur.

e Singh, Rajvir (2000). Watershed Planning and Management. Yash Publishing House,
Bikaner, pp. 470.

e Sharma, Sriniwas and Mishra, P.K. (1995). Watershed Management in Dry Land
Areas-Principles and Practices. In book of Sustainable Development of Dry land
Agriculture by Dr. R. P. Singh. Scientific Publisher, Jodhpur.

e Warasa-Jan sahbhagita (2000) Guidelines for National Watershed Development Project
for Rainfed Areas (NWDPRA). Ministry of Agriculture, Dept. of Agriculture &
Cooperation, Rainfed Farming Systems Division, New Delhi, Govt.of India.

e Tideman, E. M. (1996). Watershed Management Guidelines for Indian Conditions.

Omega Scientific Publishers, New Delhi.

2.8 TERMINAL QUESTIONS

Long Questions

1. Write in detail about scope and Significance of watershed?
2.What is drainage of watershed management?
3. What are the different approaches of Watershed Management Approaches?

4. Write in 500 words about the concept of watershed management?
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Short Questions

1. What is stream order in watershed?

2.What is significance of watershed management?

3. Explain the integrated approach of watershed management?

4.Write a short note on a role of RS & GIS in watershed management?
Multiple choice Questions

1. What is the full form of GIS?

a) Geography Information System

b) Geography Internet System

¢) Geographical Information System

d) None of the above

2.When did the Engineering Approach/Conventional Approach of watershed management

begin?

a) 1900s - 1960s

b) 1980s - 1990s

c) 1990s - 2000s

d) None of the above

Answers) 1.c,2. a
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BLOCK 2: ECOSYSTEM & ENERGY ENVIRONMENT

UNIT 3: ECOSYSTEM AND ENERGY ENVIRONMENT:
LAND USE PATTERN, NATURAL RESOURCE
APPRAISAL AND DEVELOPMENT

3.1 OBJECTIVES
3.2 INTRODUCTION

3.3 ECOSYSTEM AND ENERGY ENVIRONMENT:
LAND USE PATTERN, NATURAL RESOURCE
APPRAISAL AND DEVELOPMENT

3.4 SUMMARY

3.5 GLOSSARY

3.6 ANSWERS TO CHECK YOUR PROGRESS
3.7 REFERENCES

3.8 TERMINAL QUESTIONS
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3.1 OBJECTIVES

e Understand the concept of land use patterns and their significance in ecosystem
management.

e Analyze the impact of human activities on land use patterns and ecosystem dynamics.

e Explore methods and techniques for natural resource appraisal, including land, water,
forests, and minerals.

e Assess the importance of sustainable natural resource development for ecological
balance and socio-economic well-being.

e Identify strategies for promoting responsible land use practices and conservation

efforts.

3.2 INTRODUCTION

The dynamic interaction between ecosystems and energy environments profoundly shapes the
patterns of land use and the management of natural resources. Understanding this relationship
is essential for sustainable development and environmental conservation. This chapter delves
into the intricate interplay between ecosystem dynamics, energy environments, land use
patterns, and the appraisal and development of natural resources. By examining the complex
connections between these elements, we aim to gain insights into how human activities,
technological advancements, and environmental factors influence land use decisions, resource
utilization, and ecosystem health. Through a multidisciplinary approach, we explore strategies
for assessing natural resources, optimizing land use patterns, and promoting sustainable
development practices that enhance energy efficiency, conserve biodiversity, and mitigate
environmental impacts. This chapter serves as a foundational framework for comprehensively
addressing the challenges and opportunities at the nexus of ecosystems, energy environments,

and natural resource management.

3.3 Ecosystem and Energy Environment

The term ‘ecosystem’ was coined by A.G. Tansley, an English botanist, in 1935.An ecosystem
is a complex and interconnected community of living organisms (biotic factors) interacting
with their physical environment (abiotic factors). These interactions occur within a specific

geographical area and involve exchanges of energy, nutrients, and resources among different
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organisms and their surroundings. Ecosystems can vary greatly in size and scope, ranging from

a small pond or forest to a vast ocean or desert.
Structure and Function of an Ecosystem:

Each ecosystem has two main components:

(1) Abiotic
(2) Biotic
Ecosystem
1
e, gl r |
Abiotic Components Biotic Components
| |
o =1 ... I T 1
Chimatic Edaphic Producers Consumers Decomposers
or or or

ij'n ] Scln'l J
Light p
Wind Minerals
Temperature Topography

Autotrophs Heterotrophs Saptrotrophs

| 3 |
Primary Secondary Tertiary Quaternary

Consumers Consumers Consumers Consumers
or or or or
Herbivores Primary Large Omnivores

Carnivores Carnivores

Fig 3.1: Component of Ecosystem, Source: Google

1. The non-living components of an ecosystem, also known as abiotic components, can be

categorized into the following groups:

(a) Climatic Factors: Encompassing elements such as precipitation, temperature, sunlight,

wind, humidity, among others.

(b) Edaphic Factors: Encompassing soil characteristics, pH levels, topographical features,

mineral composition, and similar components.

e ———
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The functions of important factors in abiotic components are as follows:
a) Climatic Factors:

Temperature: Influences the rate of biochemical reactions, determines the types of organisms

that can thrive in an area.
Precipitation: Essential for plant growth and the availability of water for organisms.
Light: Drives photosynthesis in plants, affects the behavior and activity patterns of organisms.

Wind: Affects seed dispersal, regulates temperature, and can impact erosion and deposition

processes.

Humidity: Influences the water balance of organisms and affects evaporation rates.
b) Edaphic Factors:

Soil: Provides physical support, nutrients, and water for plant growth.

pH: Affects the availability of nutrients to plants and the types of organisms that can survive

in the soil.
Topography: Influences factors like drainage, erosion, and microclimate.
Minerals: Essential for plant growth, affect soil fertility and composition.

These factors collectively shape the environment and determine the distribution and abundance

of living organisms within an ecosystem.

2. Biotic Component: The biotic components of an ecosystem comprise living organisms,

encompassing plants, animals, and microorganisms such as bacteria and fungi.

(a) Producer: In an ecosystem, producers are organisms that are capable of photosynthesis or
chemosynthesis, which means they can produce their own food using energy from sunlight (in
the case of photosynthesis) or from chemical reactions (in the case of chemosynthesis). These
organisms form the base of the food chain and are essential for sustaining life within the
ecosystem. As the green plants manufacture their own food they are known as Autotrophs (i.c.
auto = self, trophos = feeder).

The most common types of producers are plants, algae, and certain types of bacteria. Through
photosynthesis, they convert sunlight, water, and carbon dioxide into glucose (a form of sugar)

and oxygen. This process not only provides energy for the producers themselves but also
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produces oxygen as a byproduct, which is crucial for the survival of other organisms in the

ecosystem.

Producers are fundamental because they provide the energy and organic matter necessary to
support all other trophic levels within the ecosystem, including herbivores, carnivores,
omnivores, and decomposers. Without producers, ecosystems would not be able to sustain life

as we know it.

(b) Consumers: Animals do not possess chlorophyll and are incapable of producing their own
food through photosynthesis. As a result, they rely on consuming other organisms, such as
plants or other animals, for their nutritional needs. They are known as heterotrophs (i.e. heteros

= other, trophos = feeder).
The consumers are of four types, namely:

(i) Primary consumers: Primary consumers, also referred to as first-order consumers or
herbivores, are animals that primarily consume plants or other producers within an ecosystem.
They are known as herbivores. Examples of primary consumers include rabbits, deer, goats,

cattle, and similar organisms.

(ii) Secondary consumers: Secondary consumers, also known as second-order consumers or
primary carnivores, are animals that primarily prey on herbivores. These organisms derive their
energy and nutrients by consuming herbivores. Examples of secondary consumers include cats,

foxes, snakes, and similar predators.

(iii) Tertiary consumers: Tertiary consumers, also referred to as third-order consumers, are
large carnivores that prey on secondary consumers. These animals obtain their energy and
sustenance by consuming other predators from lower trophic levels. An example of a tertiary

consumer is the wolf.

(iv) Quaternary consumers: Quaternary consumers, also known as fourth-order consumers
or omnivores, represent the highest level of consumers in the food chain. They consume tertiary
consumers and are not preyed upon by any other animals within the ecosystem. Examples of

quaternary consumers include apex predators such as lions and tigers.

(v) Decomposers or Reducers: Decomposers, also referred to as reducers, play a crucial role
in ecosystems by breaking down organic matter from dead plants and animals into simpler

substances. These organisms, typically bacteria and fungi, facilitate the decomposition process,
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releasing nutrients such as carbon, nitrogen, and phosphorus back into the soil or water. The

decomposers are known as Saprotrophs (i.e., sapros = rotten, trophos = feeder).

Plants gerbévores
Arnivores
Photosynthesis Consumption
ATMOSPHERE . SOIL
(0,, CO, and Detritivores (Nutrients and
Water) Decomposition Water)

Fig 3.2: Functioning of Ecosystem, Source: Google
Functions of ecosystem
Ecosystems are intricate and dynamic systems that fulfill specific functions. These functions

include:

(1) Productivity

(11) Decomposition

(111) Physical (energy flow)

(iv) Biological (food chains, food web, ecological succession)

(v) Biogeochemical (nutrient cycling) processes

(i) Productivity

Primary production, fuelled by solar energy through photosynthesis, is fundamental for the
functioning and sustainability of ecosystems. It refers to the amount of biomass or organic
matter produced by plants per unit area over a given period, typically expressed in weight
(grams per square meter) or energy (kilocalories per square meter). Productivity, the rate of
biomass production, is measured in grams per square meter per year (g/m?/yr) or kilocalories

per square meter per year (kcal/m?/yr) to compare different ecosystems.
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Primary productivity is divided into two main components:

(a) Gross Primary Productivity (GPP): This is the total rate of organic matter production by
plants during photosynthesis. However, a significant portion of GPP is consumed by plants

themselves in respiration to meet their metabolic needs.

(b) Net Primary Productivity (NPP): NPP is the remaining organic matter after subtracting
the energy used by plants for their own respiration from GPP. It represents the available

biomass for consumption by heterotrophs (herbivores and decomposers) within the ecosystem.

Secondary productivity, on the other hand, refers to the rate at which consumers form new

organic matter.

(ii) Decomposition

Decomposition is a critical process in ecosystems whereby organic matter, such as dead plants,
animals, and waste materials, is broken down into simpler substances by decomposers like
bacteria, fungi, and detritivores. This process releases nutrients back into the environment,

making them available for uptake by plants and other organisms.
Here's an overview of decomposition in ecosystems:

(a) Detritus Formation: Decomposition begins with the accumulation of dead organic matter,
known as detritus, on the forest floor, in soil, or in aquatic environments. Detritus consists of

leaves, branches, dead animals, and other organic debris.

(b) Decomposer Activity: Decomposers, including bacteria, fungi, and detritivores such as
earthworms and insects, break down detritus into simpler organic compounds through chemical
and enzymatic processes. Fungi play a particularly crucial role in decomposing tough materials

like lignin and cellulose.

(c) Nutrient Release: As decomposers break down organic matter, they release nutrients such
as carbon, nitrogen, phosphorus, and potassium into the soil or water. These nutrients are

essential for the growth and development of plants and other organisms.

(d) Microbial Respiration: During decomposition, decomposers use oxygen and release
carbon dioxide through respiration. This process contributes to the carbon cycle by returning

carbon to the atmosphere as COs.
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(¢) Humus Formation: Decomposed organic matter, along with decomposer biomass and
other organic materials, forms a dark, nutrient-rich substance called humus. Humus improves

soil structure, fertility, and water retention, making it essential for plant growth.

Nutrient Cycling: Decomposition plays a crucial role in nutrient cycling within ecosystems.
Nutrients released during decomposition are taken up by plants, consumed by herbivores, and
transferred through the food chain to higher trophic levels. Eventually, nutrients are returned

to the soil or water through excretion, death, or decomposition, completing the nutrient cycle.
(iii) Physical (Energy Flow)

The energy flow within ecosystems is crucial for supporting the survival of numerous
organisms. Solar energy serves as the primary source of energy for most life forms on Earth.
However, it's interesting to note that less than half of the sun's radiation that reaches Earth is
considered effective for photosynthesis by plants. This effective radiation is the portion usable

by plants to carry out photosynthesis.
(iv) Biological (food chains, food web, ecological succession)

(a) Food Chains: Food chains represent the linear transfer of energy and nutrients through
different trophic levels within an ecosystem. They typically start with primary producers
(plants) that are consumed by primary consumers (herbivores), which are then eaten by
secondary consumers (carnivores), and so on. Each link in the food chain represents a feeding

relationship, with energy flowing from one organism to the next.

(b) Food Webs: Food webs are complex networks of interconnected food chains within an
ecosystem. Unlike food chains, which are linear, food webs illustrate the multiple feeding
relationships and interactions between various organisms at different trophic levels. They
provide a more realistic representation of energy flow and species interactions within

ecosystems.

(c) Ecological Succession: Ecological succession refers to the process by which an ecosystem
undergoes gradual and predictable changes in its species composition and structure over time.
It typically occurs in two main types: primary succession, which begins in a previously
uninhabited area with no soil, and secondary succession, which occurs in an area that has been
disturbed but still retains soil. Succession involves the colonization of pioneer species,
followed by the replacement of these species by more competitive and complex communities

until a stable climax community is reached.
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(iv) Biogeochemical cycles

Biogeochemical cycles, also known as nutrient cycles, are pathways through which essential
elements such as carbon, nitrogen, phosphorus, and others are circulated and recycled within
ecosystems. These cycles involve the movement of elements between living organisms, the

atmosphere, water bodies, and the Earth's crust.

Energy Environment in Ecosystem

The energy environment within an ecosystem refers to the flow and utilization of energy among
organisms and their surroundings. It encompasses various factors such as energy transfer,
conversion, and utilization by living organisms and their interactions with the physical
environment. Understanding the dynamics of energy within ecosystems is crucial for

comprehending ecosystem functioning, stability, and sustainability.
This energy environment is based on two different laws of thermodynamics:

1. The first law of thermodynamics asserts that energy is conserved, meaning it cannot be

created or annihilated but can only be transformed from one form to another.

ii. The second law of thermodynamics stipulates that as energy undergoes transfer or
conversion, a portion of it inevitably disperses or becomes unavailable for further use, resulting

in an increase in entropy or disorder within the system.

The flow of energy within ecosystems is crucial for sustaining a vast array of organisms. The
primary source of energy for almost all life forms on Earth is sunlight. Interestingly, it's notable
that less than half of the sun's radiation that reaches the Earth is actually usable by plants for
photosynthesis. This "effective radiation" refers to the portion of sunlight that can be utilized

by plants to carry out photosynthesis.

The majority of the solar radiation that reaches the Earth's surface gets reflected back into space
by the Earth's atmosphere. The portion of radiation that is essential for photosynthesis and
utilized by plants is termed Photosynthetically Active Radiation (PAR).

In total, the Earth receives approximately 40 to 50 percent of the energy containing
Photosynthetically Active Radiation (PAR) from the sun. However, only a small fraction,
approximately 2 to 10 percent, of this PAR is actually utilized by plants for photosynthesis.
Despite this small percentage, it is crucial, as it supports the entire global ecosystem. Plants

serve as the primary producers within ecosystems, and all other organisms depend directly or
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indirectly on them for their survival. Therefore, even this small percentage of PAR plays a

fundamental role in sustaining life on Earth.

Energy flow within ecosystems occurs through food chains and food webs. In this process,
plants, acting as producers, absorb sunlight through chloroplasts and convert a portion of it into

chemical energy through photosynthesis.

The energy stored in various organic products within plants is transferred to primary consumers
in the food chain when herbivores consume these plants as food. During consumption, the
chemical energy accumulated in plant products is converted into kinetic energy by the primary
consumers. However, during this energy conversion process, some energy is lost and degraded,

mainly in the form of heat.

Following the primary consumers, secondary consumers, which are typically carnivores of the
first order, consume the herbivores. During this consumption, further degradation of energy
occurs. Subsequently, tertiary consumers, which may be carnivores or top-level predators,
consume the secondary consumers, leading to yet another degradation of energy. This
unidirectional flow of energy, with each trophic level consuming the one below it, results in a

continuous loss of energy through each transfer, primarily as heat.

Organisms within an ecosystem are categorized into specific trophic levels based on their
source of nutrition or food. This classification helps to understand the flow of energy and

nutrients within the ecosystem.

Producers: Producers, primarily plants, algae, and some bacteria, belong to the first trophic
level. They are capable of synthesizing organic compounds from inorganic substances,
primarily through photosynthesis, and form the base of the food chain by converting solar

energy into chemical energy.

Herbivores (Primary Consumers): Herbivores are organisms that consume producers as their
primary source of food. They belong to the second trophic level. These organisms feed directly

on plants or algae to obtain energy and nutrients.

Carnivores (Secondary Consumers): Carnivores are organisms that primarily feed on other
animals. They belong to the third trophic level. Secondary consumers obtain their energy by

consuming herbivores or other primary consumers.
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Each trophic level represents a step in the transfer of energy and nutrients through the food
chain, with energy becoming progressively more concentrated but also less abundant as it
moves up the trophic levels. This hierarchical organization of trophic levels helps to illustrate

the complex interactions and dependencies among organisms within ecosystems.

Tertiary T Fourth trophse level 3
| Consumer | " (Top Camivore) Man, lion
Secondary | . Third trophic level Birds, fishes,
Consumer (Camivore) wolf
A
g il ‘ Zooplankion,
Primary T\ Second trophic level grassho
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Fig 3.3: Trophic Level, Source: Google

It's crucial to recognize that as energy moves through successive trophic levels, there is a
notable decrease in the amount of available energy. When an organism dies, it is converted into
detritus or dead biomass, which serves as an energy source for decomposers. Each trophic level
depends on the one below it for its energy needs. At any given time, each trophic level has a
certain amount of living material, referred to as the standing crop, which can be measured in
terms of biomass (mass of living organisms) or population density (number of organisms per

unit area). Biomass can be expressed in fresh weight or dry weight.

Furthermore, in a food chain, the flow of energy adheres to the 10 percent law. According to
this principle, only about 10 percent of the energy from one trophic level is transferred to the
next trophic level, while the rest is lost as heat or through metabolic processes and is not
available for further use within the ecosystem. This law underscores the inefficiency of energy
transfer between trophic levels and highlights the limitations on the amount of energy available

to support higher trophic levels within ecosystems.
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Land Use Pattern

Absolutely, the land use pattern of a particular area or region reflects the diverse ways in which
the land is utilized for various purposes, such as agriculture, forestry, urban development,
industrial activities, and conservation. This pattern is of significant interest to professionals like
geographers, land economists, ecologists, planners, and engineers, as it provides valuable

insights into the optimal utilization of resources to meet the needs of the community.
Here's a breakdown of some key points regarding land use patterns:

Variety of Land Uses: Land use patterns show the mix of different land uses within an area,
including forests, pastures, agricultural lands (both cultivated and fallow), and non-agricultural

uses like residential, commercial, and industrial developments.

Influence of Natural Factors: The land use pattern is heavily influenced by natural factors
such as topography, soil quality, climate, rainfall, and ecological conditions. For example, areas
with fertile soil and adequate rainfall are more likely to be used for agriculture, while hilly or

rocky terrain may be better suited for forestry or conservation.

Reflection of Economic Structure and Culture: The land use pattern also reflects the
economic structure, cultural practices, and aspirations of the local population. For instance,
regions with a strong agricultural tradition may have a predominant focus on farming, while

areas with rapid urbanization may see an expansion of residential and commercial land uses.

Impact of Infrastructure and Facilities: Availability of essential facilities such as irrigation
systems, transportation networks, marketing and communication infrastructure, and access to

credit and agricultural inputs can significantly influence land use decisions at the farm level.

Complexity of Analysis: Analyzing land use patterns can be challenging due to the complex
interactions between various economic, social, and environmental factors. It requires
interdisciplinary approaches and sophisticated analytical tools to understand the dynamics and

drivers of land use change over time.

In essence, land use patterns provide a holistic view of how land resources are managed and
allocated to meet the diverse needs of society while balancing economic development,
environmental conservation, and social equity. Understanding these patterns is essential for
sustainable land use planning, resource management, and policy formulation to ensure the

long-term well-being of communities and ecosystems.
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Evolution of land-use statistics

1.Land-use statistics in India have a long history, originating in 1866 when the British

administration began compiling land data to improve revenue collection efforts.

2. The suggestions put forth by the Royal Commission on Agriculture in 1928 played a pivotal

role in enhancing the statistical system related to land use, thereby expanding its coverage.

3. The necessity for accurate data concerning the extent of land devoted to food crops and food
production became evident during periods of food scarcity, particularly following the Great

Famine in India immediately following the Second World War.

4. The statistical system of the erstwhile British era identified 5 board indicators like: 1)
Forest, 2) area not available for cultivation, 3) other uncultivated land excluding

current fallows, 4) fallow land and 5) net area sown.

5. In 1949, the Ministry of Agriculture formed a "Technical Committee on Coordination of
Agricultural Statistics," which proposed the expansion of categories by adding four more, thus

transforming the classification into a nine-fold categorization of total available land.

6. The nine categories also exhibit certain shortcomings, such as the absence of data on socially
forestry and marshy land, which are crucial for local development planning. Consequently,

there are proposals to further expand these nine categories to address these deficiencies.

Various categories of land based on its use as adopted by Government of India. Ministry of

Agriculture, are given as below:

1) Forests,

i1) Area put to non-agricultural use i.e., "area not available for cultivation".
ii1) Barren and uncultivable land

iv) Culturable waste land

V) Permanent pastures or other grazing lands

vi) Land for miscellaneous tree crops and groves

vii) Current fallow

viii)Fallow land other than the current fallow land
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ix) Net sown area or net cropped area, and
X) Net irrigated area.

Forest: Forest is any land managed for diverse purposes associated with forestry, whether it is
covered or not with trees, shrubs or such similar vegetation. Technically, a forest has come to
be defined as an area set aside for or maintained under vegetal like, trees, shrubs, climbers, etc.
for any indirect benefit, namely, for climatic, protective or environmental and/or production of
wood and non-wood products. In the legal sense a forest is defined as an area of land notified

by Government to be a forest under Forest Law.

Area put to non-agricultural use or area not available for cultivation. This includes land that
sustains buildings, roads, railways. townships, industries, etc. and area that is under water. In
many cases, however, the area under water can he highly productive with regard to fish-culture

and/or edible vegetal products.

Barren & uncultivable land: This category includes steep mountains, snow-covered areas,

deserts, etc. Such lands cannot be brought under cultivation except at a prohibitively high cost.

Cultivable waste: It comprises the land available for cultivation, but that is either not taken up
for cultivation at all, or while having once taken up for cultivation and later not cultivated for
at least 5 years or more in succession for one reason or the other. Such lands may either be
fallow or covered with shrubs trees. These may be assessed or unassessed for purposes of

revenue, and may lie in isolated within the cultivated holdings.

Permanent pastures or other grazing land: This class of area includes the land covered with

grass that is used for cattle grazing.

Land for miscellaneous tree crops and groves: It includes the land area on which trees crop

are raised. Land sustaining miscellaneous tree crops are not included in sown area.

Current fallow lands: comprise cropped areas which are kept fallow during the current year

only.

Fallow land other than the current, fallow land: This is the land which is taken up for
cultivation, but is temporarily out of cultivation for a period not more than 5 years; the reason
being poverty of cultivators, inadequate supply of water, climatic problem or un-remunerative

nature of fanning.
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Net irrigated area is the physical land area to which irrigation facility is provided. If two or
three crops have been raised in a year by providing irrigation, the counting the area irrigated in

all seasons, for all the is called gross irrigated area.

Techniques for Identification of Various Land Use Categories
In any particular region the area under each land use category can be ascertained by
conventional technique employed in ground surveys or by modern techniques like aerial

photography and with the help of satellite sensor data (Remote Sensing).

Conventional Techniques

In conventional techniques ground surveys are conducted for identifying the land use of an
area. These surveys can be categorised as follows:

1) Reconnaissance Survey

i1) Grid Survey

i11) Sample Survey

(i) Reconnaissance Survey: A reconnaissance survey is an initial and broad assessment of an
area to gather preliminary information and identify key features or characteristics. This type of
survey is typically conducted at the outset of a project to inform further planning and decision-
making processes. During a reconnaissance survey, various methods may be employed,
including aerial photography, satellite imagery, ground reconnaissance, and data collection

from existing records or sources.

The primary objectives of a reconnaissance survey include:
(a) Identifying land use patterns: Understanding how the land is currently utilized and the

distribution of different land use types within the area.

(b)Assessing physical characteristics: Examining topography, soil types, vegetation cover,

water bodies, and other natural features that may influence land use and development.

(c)Noting infrastructure and utilities: Documenting the presence of roads, utilities (such as
water supply, electricity, and telecommunications), transportation networks, and other

infrastructure elements.

(d) Evaluating environmental factors: Identifying environmentally sensitive areas, potential

hazards (such as flood zones or geological risks), and areas of ecological significance.
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(e) Considering socio-economic factors: Gathering information on population density,
demographics, economic activities, and social infrastructure (such as schools, healthcare

facilities, and community centres).

Overall, a reconnaissance survey serves as a preliminary step in understanding the
characteristics and context of an area, providing essential insights to guide further planning,
feasibility assessments, and decision-making processes for future land use and development
Initiatives.

(ii) Grid Survey:The grid survey technique is a method used in land surveying and cartography
to systematically divide an area of interest into smaller, more manageable units called grid cells

or grid squares. This technique involves establishing a network of uniformly spaced horizontal

and vertical lines, creating a grid pattern across the landscape.
The grid survey technique typically involves the following steps:

(a) Establishing a reference point: The surveyor selects a starting point or reference marker
from which the grid will be measured and laid out. This reference point often corresponds to a

known location or coordinate on the ground.

(b) Determining grid spacing: The surveyor determines the desired spacing between grid
lines, which may vary depending on the scale and accuracy requirements of the survey.

Common units of measurement used for grid spacing include meters or feet.

(c) Laying out grid lines: Using surveying instruments such as total stations or GPS receivers,
the surveyor marks or establishes grid lines both horizontally (east-west) and vertically (north-
south) across the area of interest. These grid lines are typically marked with stakes, flags, or

other visible markers.

(d) Numbering or labelling grid cells: Each grid cell formed by the intersection of horizontal
and vertical grid lines is assigned a unique identifier or label. This numbering system allows
surveyors to easily reference and record data associated with specific grid cells during

fieldwork and data collection.

(e) Conducting survey measurements: With the grid framework established, surveyors can
then proceed to conduct measurements and collect data within each grid cell. This may involve

various surveying techniques, including distance measurements, elevation surveys, and feature

mapping.
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Analyzing and interpreting survey data: Once data collection is complete, surveyors analyze
and interpret the collected data to generate maps, charts, or reports detailing the characteristics
of the surveyed area. Grid survey data can be used for various applications, including land

management, urban planning, environmental assessment, and infrastructure development.

Overall, the grid survey technique provides a systematic and efficient approach to spatial data
collection and analysis, enabling surveyors to organize and manage large areas of land

effectively.

(iii) Samples Survey

A sample survey conducted at the village level aims to assess the land use by identifying the
extent of land dedicated to different crops and other purposes. Through this sampling process,
percentages representing the distribution of land across various categories of land use are

determined in relation to the broader area or region under examination.
Modern Techniques:

(1) Remote Sensing: Remote sensing techniques play a vital role in studying land use patterns
by providing valuable information about the Earth's surface from a distance. Here are several

remote sensing techniques commonly used for this purpose:

(i) Satellite Imagery: Satellite sensors capture images of the Earth's surface, allowing
researchers to analyze land cover types, vegetation density, urban development, and other land
use characteristics over large geographic areas. Multispectral and hyperspectral imagery

provide data across different wavelengths, enabling the identification of various land cover

types.

(ii)Aerial Photography: Aerial photography involves capturing high-resolution images of the
Earth's surface using cameras mounted on aircraft. These images offer detailed views of land
use patterns, infrastructure, vegetation, and other features, making them useful for mapping

and analyzing land use changes over time.

(iii) LIDAR (Light Detection and Ranging): LiDAR technology uses laser pulses to measure
distances to the Earth's surface, generating precise elevation data and 3D models of terrain
features. LIDAR data can be used to analyze landforms, vegetation structure, building heights,

and other characteristics relevant to land use planning and management.
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(iv) Radar Imaging: Radar sensors on satellites and aircraft emit microwave signals towards
the Earth's surface and measure the reflected signals to create images. Radar imagery is
particularly useful for studying land cover in areas with persistent cloud cover or during

nighttime, as microwaves can penetrate through clouds and vegetation canopy.

GIS (Geographic Information Systems): GIS integrates remote sensing data with other
spatial data sources, such as maps, satellite imagery, and demographic data, to analyze and
visualize land use patterns. GIS tools enable researchers to perform spatial analysis, identify

land use changes, and assess the impacts of human activities on the landscape.

Change Detection Analysis: Remote sensing data can be used for change detection analysis
to monitor shifts in land use over time. By comparing images acquired at different time periods,
researchers can identify areas of land cover change, such as urban expansion, deforestation, or

agricultural encroachment.

Overall, remote sensing techniques offer powerful tools for studying land use patterns at
various spatial and temporal scales, providing valuable insights for land management,

environmental monitoring, urban planning, and natural resource conservation efforts.
Importance of Studying the Land Use Pattern

Studying land use patterns is crucial for several reasons, spanning environmental, social,
economic, and urban planning domains. Here's a breakdown of the importance of studying land

use patterns:

Resource Management: Understanding how land is utilized helps in managing natural
resources more effectively. This includes monitoring the distribution of water, forests,
agricultural land, and other vital resources. By knowing how land is being used, authorities can

implement sustainable practices to preserve these resources for future generations.

Environmental Conservation: Land use patterns directly impact ecosystems and biodiversity.
Studying these patterns allows for the identification of areas of ecological importance, such as
wetlands, forests, and habitats of endangered species. Conservation efforts can then be targeted
towards preserving these areas and mitigating the impact of human activities on the

environment.

Urban Planning: In urban areas, studying land use patterns is essential for effective urban

planning. It helps in determining suitable locations for residential, commercial, industrial, and
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recreational purposes. Understanding how land is utilized within cities facilitates the
development of infrastructure, transportation networks, and public amenities to meet the needs

of residents while minimizing negative externalities like congestion and pollution.

Economic Development: Land use patterns have a significant influence on economic
activities. Analyzing these patterns can provide insights into areas of economic growth, such
as industrial zones or commercial districts. It also aids in identifying opportunities for
investment and development, which can contribute to job creation and overall economic

prosperity.

Disaster Risk Management: Understanding land use patterns is crucial for assessing and
mitigating disaster risks. By mapping areas prone to natural hazards like floods, landslides, or
earthquakes, authorities can implement measures to reduce vulnerability and enhance
resilience. Proper land use planning can help prevent loss of life and property in the event of a

disaster.

Social Equity: Land use patterns can have implications for social equity and justice. Analyzing
patterns of land ownership, access, and distribution can reveal disparities and inequities within
society. This information is valuable for policymakers and community organizations working
towards promoting equitable land-use policies and addressing issues of land tenure, affordable

housing, and access to essential services.

Climate Change Mitigation: Land use patterns play a significant role in climate change
mitigation efforts. By identifying areas suitable for carbon sequestration, such as forests or
wetlands, and promoting sustainable land management practices, it is possible to reduce

greenhouse gas emissions and enhance carbon storage capacity.

Overall, studying land use patterns is essential for informed decision-making and sustainable
development across various sectors, ensuring the efficient use of land resources while

preserving the environment and enhancing the well-being of communities.
Land Use Management

Land use management refers to the systematic approach of regulating and controlling the
utilization of land resources in a manner that optimizes economic, social, and environmental
benefits while minimizing negative impacts. Effective land use management involves
comprehensive planning, coordination, and enforcement of policies and regulations at various

levels of governance. It encompasses a wide range of activities, including zoning, land-use
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planning, resource allocation, environmental conservation, and urban development. By
carefully assessing the needs of communities, ecosystems, and economies, land use
management aims to strike a balance between competing interests and ensure sustainable use
of land for present and future generations. It requires collaboration among government
agencies, stakeholders, and the public to foster informed decision-making and promote
equitable distribution of land resources. Ultimately, successful land use management is
essential for achieving development goals, preserving natural habitats, mitigating

environmental degradation, and enhancing overall quality of life.
Natural Resource Appraisal and Development

Natural resources are things from nature that are useful to us, like forests, water, minerals, and
land. Appraisal means figuring out how valuable something is and understanding its qualities.
Natural resource appraisal is like giving a grade to nature's stuff, like saying how much it's

worth and how good it is. Here's how it works:
Finding out what's there: First, we look at what natural resources are in a certain area.

Seeing how much there is: Next, we measure how much of each resource we have. Like

counting trees in a forest or measuring how much water is in a lake.

Checking how good it is: Then, we check if these resources are good quality. For example, is

the water clean? Are the trees healthy?

Looking at what people want: We also see if there's a demand for these resources. Are people

willing to pay for them?

Seeing how it affects the environment: We study how using or getting these resources might

harm the environment, like cutting down trees or polluting water.

Deciding its value: Based on all this information, we figure out how much these resources are

worth. This helps people make decisions about how to use or protect them.

Considering people and culture: We also think about how these resources matter to people

and their traditions. Like if a forest is important for cultural ceremonies.

Understanding risks: Finally, we look at any dangers or uncertainties involved in using these

resources, like harming wildlife or causing pollution.
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So, natural resource appraisal is like giving nature a check-up. It helps us understand what we

have, how good it is, what people want, and how we can use it wisely without causing harm

A natural resource appraisal is a comprehensive process used to evaluate the value, quantity,
quality, and potential uses of natural resources within a particular area. This appraisal process
is essential for various purposes, including land management, conservation efforts, economic
development planning, regulatory compliance, and investment decisions. Let's delve into the

details of each component:
Identification of Resources:

The process begins with identifying the natural resources present in the area of interest. These
resources can include renewable resources like forests, water bodies, and wildlife, as well as

non-renewable resources such as minerals, fossil fuels, and land.

Identification methods may involve field surveys, remote sensing technologies (like satellite
imagery), geological studies, biodiversity assessments, and consultation with local

communities or indigenous groups to understand traditional resource uses.

Assessment of Quantity: Once identified, the next step is to quantify the available resources.

This involves measuring the volume, extent, or abundance of the resources.

For example, in forestry, the quantity assessment might involve measuring the standing timber
volume in a forest stand, while in water resources, it might involve calculating the flow rate or

volume of water in a river or aquifer.

Evaluation of Quality: After quantifying the resources, their quality is assessed. Quality

evaluation considers factors such as purity, grade, or suitability for specific uses.

For instance, the quality of water resources might be evaluated based on parameters like

chemical composition, turbidity, pH levels, and the presence of contaminants.

Market Analysis: A crucial aspect of natural resource appraisal is understanding the market
dynamics related to these resources. This involves analyzing supply and demand trends, price

fluctuations, market potential, and competitive factors.

Market analysis helps in determining the economic viability of resource exploitation or

management strategies.
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Environmental Impact Assessment (EIA): An EIA is conducted to evaluate the potential

environmental consequences of resource extraction, development, or utilization activities.

This assessment considers factors such as habitat disruption, pollution, land degradation,

biodiversity loss, and climate change impacts.

Economic Valuation: Economic valuation involves assigning monetary values to natural

resources and ecosystem services.

Various techniques such as market-based valuation, cost-benefit analysis, contingent valuation,
and hedonic pricing are used to assess the economic worth of natural resources and the benefits

derived from their use or conservation.

Social and Cultural Assessment: Social and cultural assessments consider the importance of

natural resources to local communities, indigenous peoples, and cultural heritage.

This assessment examines traditional resource uses, cultural significance, recreational values,

and community well-being associated with natural resources.

Risk Assessment: Risk assessment involves identifying and evaluating potential risks and

uncertainties associated with resource exploitation, management, or development activities.

Risks may include environmental hazards, regulatory uncertainties, market volatility, social

conflicts, and geopolitical factors.

Integration and Decision Making: The findings from the natural resource appraisal process

are integrated to inform decision-making.

Decision-makers consider the trade-offs between different uses of natural resources,
stakeholder interests, sustainability objectives, and regulatory requirements when formulating

policies and management strategies.

Monitoring and Adaptive Management:
After decisions are made and actions are implemented, ongoing monitoring is essential to track

changes in resource conditions and assess the effectiveness of management strategies.

Adaptive management involves adjusting management approaches based on new information

and feedback to achieve desired resource management outcomes effectively.

In summary, a natural resource appraisal provides a systematic framework for understanding

the value, potential, and risks associated with natural resources. It helps in making informed
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decisions to balance resource use with conservation and sustainability objectives, ensuring the

wise and responsible management of our natural environment.

Natural Resource Development: Natural resource development refers to the process of using
and managing resources that come from nature in a way that benefits society. Here's a simple

explanation:

Identifying Resources: It starts with finding out what natural resources are available in an

area. These could be things like oil, gas, minerals, water, forests, or even land for farming.

Exploration and Extraction: Once we know what resources are there, we explore to find out
how much there is and where it's located. Then, we extract or take out these resources from the

earth. For example, drilling for oil or mining for minerals.

Processing and Refining: Often, natural resources need to be processed or refined to be useful.

This could involve turning crude oil into gasoline or purifying water for drinking.

Utilization: After processing, these resources are used in various ways. For instance, oil and
gas are used for energy, minerals are used in manufacturing, and water is used for drinking,

irrigation, and industrial purposes.

Economic Benefits: Natural resource development creates jobs and generates income for
communities. It also contributes to economic growth and development by providing raw

materials for industries and products for consumers.

Environmental Considerations: It's important to manage natural resource development in a
way that minimizes harm to the environment. This includes measures to prevent pollution,

protect wildlife habitats, and conserve ecosystems.

Sustainability: Sustainable natural resource development means using resources in a way that
meets the needs of the present without compromising the ability of future generations to meet

their own needs. This involves balancing economic, social, and environmental factors.

Regulation and Oversight: Governments often regulate natural resource development to
ensure that it's done responsibly and in compliance with laws and regulations. This helps

protect the environment, safeguard public health, and ensure fair distribution of benefits.

In summary, natural resource development is about using and managing resources from nature
in a way that benefits society while minimizing harm to the environment and ensuring

sustainability for future generations.
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3.4 SUMMARY

"Ecosystem and Energy Environment: Land Use Pattern, Natural Resource Appraisal and
Development" explores the intricate relationship between human activities, land use patterns,
and the sustainable management of natural resources within ecosystems. It delves into the
concept of ecosystems, emphasizing their significance in maintaining environmental balance
and supporting biodiversity. The topic further examines the various land use patterns that shape
ecosystems, highlighting their impact on natural resources such as water, soil, forests, and
minerals. Additionally, the discussion encompasses methods for natural resource appraisal,
focusing on assessment techniques for evaluating the quality and quantity of vital resources.
Sustainable development strategies are also explored, emphasizing the importance of balancing
economic growth with environmental conservation efforts. Lastly, the role of renewable and
non-renewable energy sources in ecosystem dynamics and environmental management is
considered, alongside policies and practices aimed at promoting sustainable land use, natural

resource management, and energy conservation for a resilient and thriving environment.

3.5 GLOSSARY

Soil: The upper layer of the Earth's surface composed of organic matter, minerals, water, and

air, essential for plant growth and ecosystem functioning.

Edaphic Factors: Environmental factors related to soil characteristics, including
composition, texture, pH, and nutrient content, influencing plant growth and ecosystem

dynamics.

Precipitation: The process of water falling from the atmosphere to the Earth's surface in

various forms such as rain, snow, sleet, or hail.

Biotic: Living components within an ecosystem, including plants, animals, fungi, and

microorganisms, that interact with one another and their environment.

LiDAR: Remote sensing technology that uses laser pulses to measure distances to the Earth's

surface, often used for mapping terrain, vegetation, and other features with high precision.

e ———
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3.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you know the term ‘ecosystem’ was coined by A.G. Tansley, an English botanist, in 1935.

2. Do you that Environmental Impact Assessment is conducted to evaluate the potential

environmental consequences of resource extraction, development, or utilization activities.
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3.8 TERMINAL QUESTIONS

Long Questions

1.What is Ecosystem? Explain it in detail.
2. What do you mean by Land Use Pattern. Explain it in detail.

3.What is natural resource appraisal and development mean, write in 500 words.
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Short Questions

1.What the various techniques of identification of land use pattern?
2.What are the abiotic components of ecosystem?

3.What the various components of biotic components of ecosystem?
4. What is ecosystem, write a brief paragraph on it?

5.What is Environment Impact Assessment?

Multiple Choice Questions

1.Which of the following is not a abiotic component of ecosystem?
a) Air

b) Water

c¢) Wind

d) Computer

2.Which of the following is not a biotic component of ecosystem?
a) Producers

b) Consumers

c¢) Geology

d) Decomposers

3) Which of the following is not a technique of identification of land use pattern.
a) Reconnaissance Survey
b) Grid Survey

c¢) Sample Survey
d) Population Survey

Answer) 1.d, 2. ¢, 3. d
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4.1 OBJECTIVES

e Understand the fundamental ecological processes governing agro-ecosystems, forest
ecosystems, and river ecosystems.

e Analyze the unique characteristics and dynamics of each ecosystem type, including
biodiversity, nutrient cycling, and energy flow.

e Explore the interactions between human activities and agro-ecosystems, forest
ecosystems, and river ecosystems, and their implications for environmental
sustainability.

o Identify ecosystem services provided by agro-ecosystems, forest ecosystems, and river

ecosystems, such as food production, carbon sequestration, and water purification.

4.2 INTRODUCTION

The study of ecological processes and ecosystems encompasses a broad understanding of the
interconnected relationships between organisms and their environment. This topic delves into
three distinct ecosystems: agro-ecosystems, forest ecosystems, and river ecosystems. Each
ecosystem represents a unique assemblage of living organisms and abiotic factors, shaped by
ecological processes such as nutrient cycling, energy flow, and species interactions. Agro-
ecosystems are heavily influenced by human activities related to agriculture, while forest
ecosystems are characterized by diverse vegetation and wildlife habitats. River ecosystems, on
the other hand, are dynamic aquatic environments shaped by water flow, sediment transport,
and aquatic life. By examining these ecosystems, we gain insights into their structure, function,
and the ecological services they provide, as well as the human impacts and conservation
challenges they face. Understanding the complexities of agro-ecosystems, forest ecosystems,
and river ecosystems is essential for promoting environmental sustainability and biodiversity

conservation.

4.3 ECOLOGICAL PROCESSES AND ECOSYSTEM

Ecological processes are fundamental mechanisms that govern the functioning of ecosystems,
shaping their structure, dynamics, and resilience. Ecosystems, in turn, are complex
assemblages of living organisms and their physical environment, interacting and exchanging

energy and matter through a variety of ecological processes. This chapter explores the
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relationship between ecological processes and ecosystems, highlighting their importance in

understanding and managing natural systems.
Understanding Ecological Processes:

Ecological processes are the interactions and transformations that occur within ecosystems,
driving the flow of energy and nutrients and influencing the distribution and abundance of

organisms. Key ecological processes include:

Energy Flow: Energy enters ecosystems from the sun and flows through trophic levels via
photosynthesis, consumption, and respiration. This energy fuels biological processes and

sustains life within ecosystems.

Nutrient Cycling: Nutrients such as carbon, nitrogen, and phosphorus cycle through
ecosystems via biogeochemical processes, including decomposition, mineralization, and
nutrient uptake by plants. Nutrient cycling is essential for maintaining soil fertility, supporting

plant growth, and sustaining ecosystem productivity.

Population Dynamics: Ecological processes regulate the abundance and distribution of
populations within ecosystems through mechanisms such as birth, death, immigration,
emigration, predation, competition, and mutualism. Population dynamics influence species

interactions, community structure, and ecosystem stability.

Succession: Succession refers to the gradual and predictable change in species composition
and community structure over time in response to environmental disturbances or changes in
resource availability. Primary succession occurs on newly formed or barren habitats, while

secondary succession occurs following disturbances such as fire, floods, or human activities.

Disturbance: Disturbance events such as fires, floods, hurricanes, and human activities disrupt
ecosystem structure and function, influencing species composition, habitat availability, and
ecological processes. While disturbances can have negative impacts in the short term, they can
also promote biodiversity, create habitat heterogeneity, and stimulate ecosystem regeneration

in the long term.
Role of Ecological Processes in Ecosystem Functioning:

Ecological processes play a critical role in maintaining the structure, functioning, and resilience

of ecosystems:
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Ecosystem Services: Ecological processes provide essential ecosystem services that support
human well-being, including provisioning services (e.g., food, water, timber), regulating
services (e.g., climate regulation, water purification), supporting services (e.g., nutrient

cycling, soil formation), and cultural services (e.g., recreation, spiritual values).

Biodiversity Conservation: Ecological processes regulate biodiversity by influencing species
interactions, population dynamics, and community composition. Biodiversity is essential for

ecosystem resilience, adaptive capacity, and the provision of ecosystem services.

Ecosystem Stability: Ecological processes contribute to ecosystem stability and resilience by
buffering against environmental fluctuations, regulating population sizes, and promoting
functional diversity. Resilient ecosystems can withstand disturbances, recover quickly, and

maintain their structure and function over time.
Management Implications:

Understanding ecological processes is essential for effective ecosystem management and

conservation:

Sustainable Resource Use: Sustainable management practices aim to conserve ecosystem
integrity and biodiversity while meeting human needs for resources and ecosystem services.
Ecosystem-based approaches consider ecological processes and functions in decision-making

to ensure the long-term sustainability of natural systems.

Restoration and Rehabilitation: Ecological restoration involves the active intervention to
repair degraded ecosystems and restore their structure, function, and biodiversity. Restoration
efforts often focus on reinstating key ecological processes, such as hydrological regimes,

nutrient cycling, and habitat connectivity.

Climate Change Adaptation: Climate change poses significant challenges to ecosystems and
requires adaptive management strategies that enhance ecosystem resilience and adaptive
capacity. Understanding ecological processes can inform climate change adaptation measures,

such as habitat restoration, species reintroduction, and ecosystem-based adaptation strategies.

1. Agro-Ecosystem
Agroecosystem is a dynamic and interconnected system where agricultural activities, such as
crop cultivation and livestock farming, interact with the surrounding environment, including

soil, water, climate, and biodiversity. It encompasses the interactions between crops, livestock,
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soil, water, climate, and biodiversity within a specific agricultural landscape. Unlike natural
ecosystems, which evolve without human intervention, agroecosystems are shaped by human

activities such as cultivation, irrigation, and the use of fertilizers and pesticides.
Properties of Agroecosystem

Productivity: Productivity refers to the net increase in valuable products per unit of resources
utilized, including land, labour, energy, and capital. It is typically quantified as the annual yield

per hectare of land.

Stability: Stability refers to the extent to which productivity remains consistent, even when
there are minor fluctuations in environmental factors like climate or economic conditions in

the market.

Sustainability: Sustainability refers to the capacity of a system to uphold its productivity
despite encountering stress or disturbance. Stress refers to a regular, often ongoing, and
relatively minor disruption, such as the impact of increasing soil salinity. In contrast, a
perturbation is an irregular, infrequent, and often prolonged disturbance, such as a drought or

flood.

Equitability: Equitability refers to the degree of fairness in the distribution of agricultural
products among the people who benefit from the agroecosystem. A more equitable system
ensures that the products are distributed more evenly among the population of the farm, village,

region, or nation.

Good And Services Provided by Agroecosystem

Goods Services

Food crops (grains, vegetables, fruits, etc.) | Carbon sequestration and climate regulation

Livestock products (meat, milk, eggs, etc.) | Water purification and filtration

Fiber crops (cotton, jute, hemp, etc.) Soil formation and fertility maintenance

Medicinal plants and herbs Pest control through natural enemies

Ornamental plants and flowers Cultural and recreational opportunities (e.g.,
agrotourism)
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Agroecosystems and natural ecosystems differ in several key aspects
1. Human Intervention:

Agroecosystems: Agroecosystems are human-managed ecosystems designed for agricultural
production. They involve deliberate interventions such as cultivation, irrigation, fertilization,

and pest control to optimize crop yields and meet human needs.

Natural Ecosystems: Natural ecosystems develop and function without direct human
intervention. They are shaped by natural processes such as climate, geology, and ecological
interactions, and are often characterized by a high degree of biodiversity and ecological

complexity.
2. Primary Purpose:

Agroecosystems: The primary purpose of agroecosystems is agricultural production, including
food, fiber, fuel, and other agricultural products. They are managed to maximize productivity

and economic returns while minimizing environmental impacts.

Natural Ecosystems: Natural ecosystems serve a variety of ecological functions, including
biodiversity conservation, nutrient cycling, soil formation, water regulation, and climate
regulation. They provide habitat for wildlife and contribute to ecosystem services that support

human well-being.
3. Species Composition:

Agroecosystems: Agroecosystems often have simplified species composition compared to
natural ecosystems, with a focus on cultivated crops and domesticated animals. They may have

lower biodiversity and a higher prevalence of monoculture crops.

Natural Ecosystems: Natural ecosystems exhibit high species diversity, including a variety of
plants, animals, fungi, and microorganisms. They are characterized by complex ecological

interactions and food webs that support ecosystem stability and resilience.
3. Energy Flow and Nutrient Cycling:

Agroecosystems: Energy flow and nutrient cycling in agroecosystems are influenced by
human management practices such as tillage, fertilization, and irrigation. While these systems
aim to maximize resource use efficiency, they may be more susceptible to nutrient runoff, soil

erosion, and other environmental impacts.
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Natural Ecosystems: Energy flow and nutrient cycling in natural ecosystems are driven by
ecological processes such as photosynthesis, decomposition, and nutrient cycling. These
systems have evolved to efficiently capture and utilize resources, with minimal external inputs,

and play a critical role in maintaining ecosystem health and functioning.

Overall, while agroecosystems are designed for agricultural production and human benefit,
natural ecosystems function independently of human intervention and provide essential

ecological services that support biodiversity conservation and ecosystem resilience.

AGRICULTURAL
TECHNOLOGY
SYSTEM AGROECOSYSTEM
FUNCTION |—}
SOCIAL .
SETTING SIpCTIn. I g Y-
ENVIRONMENTAL
SETTING

Fig 4.1: Agro-ecosystem, Source: Google

Types of Agro-Ecosystem
Agroecosystems can vary widely depending on factors such as climate, geography, soil type,
and human management practices. Here are several types of agroecosystems commonly found

around the world

1.Seasonally Cropped Systems: These agro-ecosystems involve crops and plants that
complete their life cycle within a single season. They are commonly cultivated with seasonal
crops such as cereals, pulses, and oilseeds. However, frequent tillage operations in these
systems often lead to soil degradation and reduced soil fertility due to nutrient depletion with

each new crop cycle.

2. Permanently Cropped Systems: Large areas of land are dedicated to perennial cropping
systems, including orchards and plantation crops like cardamom, rubber, coconut, and cashew
nut. In these agro-ecosystems, there is potential to grow seasonal crops in the inter-row spaces

between the permanent crops.
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3. Forestry Systems: Manmade forests are considered part of agro-ecosystems. Some forests
may also include perennial grasses grown for fodder or grazing purposes. Manmade forests can
be classified into agroforestry (forestry on farmed or cropped land), social forestry (raising and
managing forests outside traditional forest areas for meeting basic needs, environmental

improvement, and rural development), and government forest plantations.

4. Aquaculture Systems: These systems involve manmade water bodies used for fish culture
and the cultivation of aquatic plants. Aquaculture plays a significant role in providing fish

protein and other aquatic products for human consumption.

5. Integrated Agro-ecosystems: These agro-ecosystems involve a combination of various
farming components such as cropping systems, livestock rearing, horticulture, aquaculture, and
poultry. Integrated agro-ecosystems aim to optimize resource use, enhance productivity, and

promote sustainability by leveraging synergies between different agricultural activities.

Structure of Agro-ecosystems:

To comprehend the structure of agroecosystems, it's crucial to grasp the fundamental
ecological principle that everything is interconnected. This principle highlights the intricate
relationships between living organisms (biotic communities) and the non-living elements
(abiotic environment). Similar to natural ecosystems, the structure of agroecosystems

comprises both biotic and abiotic components specific to a particular location.

a) Biotic Component: The biotic components of the agroecosystem include crop plants,
animals, and soil microorganisms. Crop plants and weeds serve as the primary producers, while
herbivores such as insects, birds, and small mammals are considered secondary producers.
Decomposers, which mainly consist of fungi, microorganisms, and nematodes, play a vital role

in breaking down organic matter.

b) Abiotic components: The abiotic components of the agroecosystem consist of soil,

inorganic nutrients, climate, water, atmosphere, and solar radiation.
Process and Functions in agroecosystem:

Processes and functions within an agroecosystem encompass a variety of dynamic interactions
and activities that occur between its biotic (living) and abiotic (non-living) components. These
processes are essential for maintaining ecosystem health, productivity, and sustainability.

Here's a detailed explanation of some key processes and functions in agroecosystems:
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i) Photosynthesis: Photosynthesis is a fundamental process in which green plants utilize solar
energy, water, and carbon dioxide (CO2) to produce carbohydrates and oxygen. This process
occurs in chlorophyll-containing plant cells and is the primary source of organic matter and

energy in agroecosystems.

In agroecosystems, photosynthesis drives crop growth, biomass production, and carbon

sequestration, contributing to soil fertility and ecosystem productivity.

ii) Nutrient Cycling: Nutrient cycling involves the movement and recycling of essential
nutrients such as nitrogen (N), phosphorus (P), potassium (K), and other minerals within the
agroecosystem. These nutrients are absorbed by plants from the soil, incorporated into plant

tissues, and returned to the soil through various processes.

Nutrient cycling processes include nutrient uptake by plants, nutrient mineralization from
organic matter decomposition, nutrient leaching, and nutrient cycling through soil
microorganisms. Sustainable nutrient management practices aim to optimize nutrient cycling

and minimize nutrient losses.

iii) Decomposition: Decomposition is the breakdown of organic matter by decomposer
organisms such as fungi, bacteria, and detritivores (e.g., earthworms, insects). Decomposition
processes release nutrients from organic matter, making them available for plant uptake and

recycling within the agroecosystem.

Decomposition contributes to soil organic matter accumulation, soil fertility enhancement, and

the regulation of nutrient availability for plant growth.

iv) Pollination: Pollination is the transfer of pollen grains from the male reproductive organs
of flowers to the female reproductive organs, leading to fertilization and seed production.
Pollination is primarily carried out by pollinators such as bees, butterflies, birds, and other

nsects.

In agroecosystems, pollination is crucial for the reproduction of many crop species, including
fruits, vegetables, and nuts. Adequate pollination enhances crop yields and promotes genetic

diversity within cultivated crops.

v) Pest Regulation: Pest regulation involves the natural control of pest populations by

predators, parasites, and pathogens within the agroecosystem. Natural enemies of pests, such
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as predatory insects, birds, and beneficial microorganisms, help regulate pest populations and

reduce crop damage.

Agroecosystems with high biodiversity and habitat diversity often exhibit greater natural pest
regulation capacity, reducing the reliance on synthetic pesticides and promoting ecological

balance.

vi) Water Cycling: Water cycling, also known as the hydrological cycle, involves the
movement of water through various processes such as evaporation, transpiration, precipitation,
runoff, infiltration, and groundwater recharge. These processes influence water availability,

distribution, and quality within the agroecosystem.

Sustainable water management practices aim to optimize water use efficiency, reduce water

runoff and erosion, and maintain soil moisture levels for crop growth and ecosystem health.

vii) Erosion Control: Erosion control involves measures to prevent soil erosion and sediment
loss from agricultural fields. Soil erosion can degrade soil fertility, reduce crop productivity,

and contribute to water pollution.

Agroecosystems implement erosion control practices such as conservation tillage, cover
cropping, contour farming, terracing, and vegetative buffers to minimize soil erosion and

protect soil resources.

viii) Climate Regulation: Agroecosystems play a role in climate regulation by influencing
local microclimates through factors such as vegetation cover, evapotranspiration, and surface
albedo. Vegetation absorbs solar radiation, releases water vapor through transpiration, and

modifies air temperatures and humidity levels.

Sustainable land management practices in agroecosystems can help mitigate climate change
impacts by sequestering carbon in soils, reducing greenhouse gas emissions, and enhancing

ecosystem resilience to extreme weather events.

Factors Affecting the Structure and Functions

The structure and functioning of agroecosystems are influenced by a variety of factors, both
biotic (living) and abiotic (non-living). These factors interact in complex ways to shape the
composition, productivity, and resilience of agricultural ecosystems. Here's a detailed

explanation of the factors affecting the structure and functions of agroecosystems:
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Inter and Intra-specific Competition: Competition among different plant species
(interspecific competition) and within the same species (intraspecific competition) can affect
the distribution, abundance, and growth of crops and weeds in agroecosystems. Competing for
resources such as water, nutrients, and sunlight can influence crop yield and weed management

strategies.

Agricultural Practices: Agricultural practices such as plowing, shifting agriculture, crop
rotation, stubble burning, and the use of inorganic fertilizers and irrigation techniques directly
impact the structure and functioning of agroecosystems. These practices affect soil health,

nutrient cycling, water availability, and pest and disease dynamics.

Pest and Disease Control: Pest and disease outbreaks can significantly impact crop yields and
ecosystem health in agroecosystems. Management practices such as pesticide application,
biological control, crop rotation, and resistant crop varieties influence pest and disease

dynamics and their effects on agricultural production.

Introduction of High Yielding Varieties: The introduction of high-yielding crop varieties has
transformed agricultural systems by increasing crop productivity and reducing food insecurity.
However, monoculture cultivation of high-yielding varieties can lead to genetic homogeneity,

pest vulnerability, and reduced agroecosystem diversity.

Climate Factors: Climate factors such as temperature, precipitation, humidity, wind, and solar
radiation influence agroecosystem structure and functioning. Extreme weather events such as
droughts, floods, frosts, and heatwaves can disrupt crop growth, water availability, and

ecosystem stability.

Edaphic Factors: Soil properties including texture, structure, pH, organic matter content, and
nutrient availability influence agroecosystem structure and productivity. Soil chemical
properties affect nutrient cycling, water retention, and crop nutrient uptake, impacting crop

yields and soil fertility management practices.

Land Use and Land Management: Land use decisions and management practices such as
tillage, irrigation, drainage, cropping systems, and agrochemical use can alter soil structure,
biodiversity, and ecosystem services in agroecosystems. Sustainable land management

practices aim to optimize agricultural productivity while minimizing environmental impacts.

Human Activities and Socio-economic Factors: Human activities such as land clearing,

deforestation, urbanization, and industrialization can affect agroecosystem structure and
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functioning. Socio-economic factors such as land tenure systems, market dynamics, and
agricultural policies influence land use decisions, farming practices, and the sustainability of

agroecosystems.

2. FOREST ECOSYSTEM

Forest ecosystems are the combination of species, geology, topography, and climate tied
together by physical and biotic processes specific to any one site, and most importantly
occupied by trees as the dominant vegetation. A forest ecosystem may be as small as a tree
branch microsite where mosses, insects, and microscopic organisms interact or as large as the
boreal forest that encircles the Earth at northern latitudes. The larger it is, the more complex
the potential interactions. Considering that a thimble of forest topsoil may contain more than
20,000 individual organisms, completely understanding how each species in a forest influence
and interacts with others is a daunting if not impossible task. On the other hand, much is known
about larger organisms such as trees and how they function, interact with, and influence their
surroundings. Forest management or “forestry” is one of the oldest forms of agricultural
practice, stemming from the need of human occupants to capture and cultivate tree species to

supply their basic needs such as food, shelter, clothing, and heat.

A forest ecosystem is a natural community of plants, animals, and microorganisms that live
together in a forest environment. It includes various types of trees, shrubs, fungi, and a wide
range of wildlife, such as birds, mammals, insects, and more. These living organisms interact
with each other and with their physical surroundings, like soil, water, and air, in a balanced and
self-sustaining way. Forest ecosystems are essential for maintaining biodiversity, providing
oxygen, storing carbon, and offering resources like wood and habitat for numerous species.
They play a vital role in the health of our planet and the well-being of many living creatures,

including humans.

Forests are some of the most diverse and vital ecosystems on our planet. They cover about 31%
of the Earth's land area and are home to countless species of plants and animals. Forest
ecosystems provide essential services, including oxygen production, carbon storage, and
habitat for wildlife. In this chapter, we will explore the characteristics, importance, and

components of forest ecosystems.
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Fig:4. 2 Forest Ecosystem, Source: Google
Characteristics of Forest Ecosystems

Biodiversity: Forests are teeming with life. They house a wide variety of plant species, from
towering trees to small shrubs, and provide habitats for numerous animals, insects, and fungi.

This biodiversity is essential for the health and stability of the ecosystem.

Climatic Influence: Forests can influence local and even global climates. They act as carbon
sinks, absorbing carbon dioxide from the atmosphere and helping mitigate climate change. The

shade provided by trees can also cool the environment and regulate local temperatures.

Nutrient Cycling: Forest ecosystems efficiently cycle nutrients. Decomposing organic matter,
such as fallen leaves and dead organisms, releases nutrients back into the soil, making them

available for new plant growth.
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Types of forest ecosystem
Forest ecosystem has been classified into three major types — tropical forest ecosystem,
temperate forest ecosystem and boreal ecosystem. The types of forest ecosystems have been

divided based on latitude and different characteristics.

[ Tropical forests ] Temperate forests Boreal forests

Strong climate conltral

Moderate climat trol
| Moderate climale control | S G e v |

=== Strong sun
1 absorption

Y

Fig 4.3: Types of Forest, Source: Google

1. Tropical Forest Ecosystem

a) High temperatures: Tropical forests typically experience warm temperatures year-round

due to their proximity to the equator.

b) High rainfall: These ecosystems receive abundant rainfall throughout the year, often

exceeding 2,000 millimetres annually.

¢) High biodiversity: Tropical forests are among the most biodiverse ecosystems on Earth,

with a wide variety of plant and animal species.

d) Dense vegetation: The vegetation in tropical forests is dense and layered, consisting of tall

trees, shrubs, vines, and epiphytes.

e) Canopy structure: A dense canopy formed by the tall trees creates a shaded environment

below, known as the understory.
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f) Rapid nutrient cycling: The warm and moist conditions facilitate rapid decomposition of

organic matter, leading to efficient nutrient cycling.

g) Indigenous communities: Many tropical forest regions are home to indigenous

communities that have traditional knowledge of the ecosystem and its resources.

h) Carbon storage: Tropical forests play a crucial role in sequestering carbon dioxide from

the atmosphere, helping to mitigate climate change.

2. Temperate Forest Ecosystem
a) Temperate forests thrive in regions like North America, Eurasia, and Japan, receiving an
average rainfall ranging from 30 to 60 inches annually, significantly less than their tropical

counterparts.

b) Unlike tropical forests, temperate forests undergo all four seasons, with winters often
dipping below freezing and summers reaching high temperatures accompanied by elevated

humidity levels.

c¢) The fertile soil of temperate forests is teeming with organic matter, fostering a diverse array

of vegetation to flourish within their boundaries.

d) Serving as a natural habitat, temperate forests provide refuge to numerous species including
squirrels, deer, black bears, raccoons, coyotes, and a plethora of birds such as warblers, owls,

woodpeckers, and hawks.

3. Boreal Ecosystem
a) Boreal forests, also known as Taiga forests, are primarily located in Siberia, Northern Asia,

Canada, and Scandinavia.

b) Characterized by short summers and long winter seasons, the boreal forest experiences

approximately 15-40 inches of precipitation annually, primarily in the form of snowfall.

c) Dominated by evergreen trees such as pine, fir, and spruce, the dense canopy of the boreal

forest limits sunlight penetration, resulting in sparse vegetation on the forest floor.

d) Animals inhabiting the boreal forest ecosystem are typically equipped with thick fur to
endure the prolonged cold winters. Examples of these animals include elk, caribou, lynxes,

wolverines, deer, snowshoe hares, moose, wolves, and others.
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Components of a Forest Ecosystem:

a) Producers: Trees, shrubs, and various plants are the primary producers in the forest
ecosystem. They use sunlight, water, and carbon dioxide to produce their own food through

photosynthesis.

b) Consumers: Animals, including herbivores that feed on plants and carnivores that prey on
other animals, are consumers. They are an integral part of the food web, helping to regulate

species populations.

¢) Decomposers: Fungi, bacteria, and insects play the crucial role of breaking down dead plants

and animals into organic matter. They recycle nutrients back into the ecosystem.

d) Abiotic Factors: These are non-living elements that influence the forest ecosystem, such as
sunlight, temperature, soil, and water. These factors determine which plants and animals can

thrive in a specific forest.

Importance of Forest Ecosystems:

Forests provide a wide range of benefits to both the environment and human society:

a) Habitat: Forests offer shelter and food for a myriad of species. They are essential for the

survival of many wildlife species, some of which are endangered.

b) Oxygen Production: Trees release oxygen as a byproduct of photosynthesis, making the air

we breathe cleaner and healthier.

¢) Carbon Storage: Forests store large amounts of carbon, helping to mitigate the impacts of

climate change by reducing the concentration of carbon dioxide in the atmosphere.

d) Recreation and Aesthetics: Forests are a source of recreation for people, offering
opportunities for hiking, camping, and enjoying nature. They also provide inspiration and

tranquillity through their natural beauty.

River Ecosystems: Lifelines of the Environment

Ariver ecosystem is a dynamic and interconnected community of organisms, including plants,
animals, and microorganisms, inhabiting the water body, banks, and surrounding riparian zone
of'ariver. This ecosystem is shaped by various abiotic factors such as water flow, temperature,
substrate, and nutrient availability, as well as biotic interactions among its diverse inhabitants.

River ecosystems play essential roles in nutrient cycling, water purification, habitat provision,
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and supporting biodiversity. They are influenced by natural processes and human activities,
making them highly complex and adaptable systems. Understanding and conserving river
ecosystems are critical for maintaining water quality, supporting aquatic and terrestrial life, and

sustaining ecosystem services provided by rivers.

Fig 4.4: River Ecosystem, Source: Google

Here are key aspects of a river ecosystem:

Water: Rivers are flowing bodies of freshwater, continuously moving from their source to their
mouth, where they typically empty into a larger body of water such as an ocean or lake. Water
is the primary feature of a river ecosystem, providing habitat for aquatic organisms and serving

as a medium for various ecological processes.

Physical Features: Rivers exhibit diverse physical features, including their channel
morphology (shape), flow dynamics (velocity, turbulence), substrate (bed material), and depth
variations. These physical characteristics influence the distribution and abundance of

organisms within the river ecosystem.

Biological Diversity: River ecosystems support a wide range of plant and animal species
adapted to aquatic environments. This includes various species of fish, invertebrates (such as
insects and mollusks), amphibians, reptiles, birds, and mammals. The diversity of species in
rivers is often influenced by factors such as water temperature, flow regime, habitat complexity,

and water quality.
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Riparian Zone: The riparian zone refers to the area of land adjacent to the river, which plays
a crucial role in the health and function of the river ecosystem. Riparian vegetation, including
trees, shrubs, and grasses, helps stabilize riverbanks, filter pollutants, provide shade, and create
habitat for terrestrial wildlife. Riparian zones also serve as transition zones between aquatic

and terrestrial ecosystems.

Nutrient Cycling: River ecosystems participate in nutrient cycling processes, where organic
and inorganic nutrients are transported, transformed, and recycled within the ecosystem.
Nutrient inputs come from various sources such as runoff from the surrounding landscape,
organic matter from aquatic and terrestrial plants, and animal waste. Nutrient cycling supports
the growth of primary producers (e.g., algae, aquatic plants) and sustains food webs within the

river ecosystem.

Human Impact: Human activities such as dam construction, water abstraction, pollution,
habitat alteration, and land use change can have significant impacts on river ecosystems. These
impacts can disrupt natural flow regimes, degrade water quality, fragment habitats, and threaten
the survival of aquatic species. Conservation and management efforts aim to mitigate these

impacts and preserve the health and integrity of river ecosystems.

Overall, river ecosystems are dynamic and interconnected systems that play vital roles in
supporting biodiversity, providing ecosystem services, and sustaining human livelihoods.
Understanding and conserving these ecosystems are essential for maintaining freshwater

resources and preserving the ecological integrity of rivers worldwide.

Functions of River Ecosystems

River ecosystems perform various essential functions:

Biodiversity: Rivers support rich biodiversity, often hosting unique and specialized species

adapted to their specific conditions.

Water Purification: Rivers act as natural filters, removing pollutants and sediments from the

water, improving water quality.

Nutrient Cycling: They facilitate the transport of nutrients downstream, essential for both

aquatic and terrestrial ecosystems.

Habitat and Migration: Rivers provide breeding and feeding grounds for aquatic species, and

many migratory animals rely on rivers as corridors.
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Flood Control: River ecosystems help absorb and disperse excess water during floods,

reducing the risk of catastrophic events.

The Components of a River Ecosystem:

A river ecosystem consists of several key components:

Water: Water is the central element of a river ecosystem. It provides the necessary medium for

life and supports various chemical and physical processes within the ecosystem.

Physical Features: The physical characteristics of a river, such as its flow, temperature, depth,
and substrate (the material at the riverbed), significantly influence the organisms that can thrive

in the ecosystem.

Biotic Components: This includes the living organisms within the ecosystem. These can be

categorized into three main groups:

Producers: These are plants and algae that use sunlight to produce energy through

photosynthesis. They are the foundation of the food chain in river ecosystems.

Consumers: These are animals that feed on producers and other consumers. They can be

primary consumers (herbivores) or secondary and tertiary consumers (carnivores).

Decomposers: These organisms break down dead plants and animals, recycling nutrients back

into the ecosystem. They include bacteria and fungi.

Abiotic Components: These are the non-living factors in the river ecosystem, such as sunlight,
temperature, water chemistry (pH, dissolved oxygen, nutrients), and the geology of the

riverbed.

River Zones:

i) Source Zone: The source zone is where a river begins, typically in high-altitude areas like
mountains. Here, the water is clear, cold, and fast-flowing. The source zone supports hardy
species of algae and mosses, as well as cold-water fish like trout. The rapid flow and steep

gradient make this zone important for erosion control and water purification.

ii) Transition Zone: As the river flows downstream, it enters the transition zone. This area has
a mix of fast and slow-moving water and is characterized by a diversity of aquatic plants and
insects. Fish species diversify to include both cold and warm-water species. This zone provides

valuable habitat for various wildlife.
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iii) Floodplain Zone: The floodplain zone is the wide, flat area on both sides of the river. It
periodically floods, depositing nutrient-rich sediments and supporting rich plant life. Many
terrestrial animals like birds, mammals, and amphibians thrive here. Human activities, such as

agriculture and urban development, often impact this zone.

iv) Delta Zone: The river's final destination is the delta zone, where it meets a sea or lake.
Deltas are fertile areas with a mix of fresh and saltwater, providing ideal conditions for aquatic
life. This zone supports unique species and is often a crucial nursery for fish and other aquatic

organisms.

River ecosystems are incredibly diverse and valuable, supporting life, providing resources, and
contributing to the health of the planet. Understanding their structure and functions, along with
the challenges they face, is essential for protecting these vital natural systems and the benefits

they offer to both nature and society.

4.4 SUMMARY

The topic of ecological processes and ecosystems, focusing on agro-ecosystems, forest
ecosystems, and river ecosystems, provides a comprehensive understanding of the interactions
between organisms and their environment. Agro-ecosystems, shaped by agricultural practices,
sustain food production and livelihoods but face challenges such as soil degradation and
biodiversity loss. Forest ecosystems, rich in biodiversity, contribute to climate regulation, water
purification, and habitat provision, yet are threatened by deforestation and habitat
fragmentation. River ecosystems, dynamic aquatic environments, support diverse aquatic life
and provide vital ecosystem services, yet are vulnerable to pollution and habitat destruction.
By studying these ecosystems, students gain insights into their structure, function, and the
impacts of human activities, enabling informed conservation and management strategies for

environmental sustainability.

4.5 GLOSSARY

Habitat: Habitat refers to the natural environment or setting where an organism, species, or
community of organisms lives and thrives, characterized by specific physical and biological

conditions.

Aquatic: Aquatic refers to anything related to water or occurring in water, including

environments, organisms, or activities.
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Biodiversity: Biodiversity refers to the variety of life forms, including species diversity,

genetic diversity, and ecosystem diversity, within a given area or on Earth as a whole.

Ecological: Ecological pertains to the study of the relationships between organisms and their
environment, including both living (biotic) and non-living (abiotic) factors, and the interactions

that shape ecosystems.

Nutrient cycle: Nutrient cycle refers to the movement and recycling of essential nutrients, such
as carbon, nitrogen, and phosphorus, through living organisms, the soil, water, and the

atmosphere in an ecosystem.

Boreal: Boreal refers to the northernmost biome characterized by cold temperatures,
coniferous forests, and sparse vegetation, found in regions like Canada, Scandinavia, and

Russia.

4.6 ANSWER TO CHECK YOUR PROGRESS

1.Do you know that Boreal forests, also known as Taiga forests, are primarily located in Siberia,

Northern Asia, Canada, and Scandinavia.

2. Do you know that Nutrient cycling involves the movement and recycling of essential
nutrients such as nitrogen (N), phosphorus (P), potassium (K), and other minerals within the

agroecosystem.
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biodiversity/where-do-you-find-biodiversity/the-biodiversity-of-a-river

4.8 TERMINAL QUESTIONS

Long Questions

1.Explain Ecological Processes and Ecosystem in 500 words.
2. What is agro-ecosystem, explain it in detail.

3. Forest-ecosystem: what is it? Give a thorough explanation.

4. River-ecosystem: what is it? Give a thorough explanation.

Short Questions
1. What do you mean by Ecological Processes?

2. What is nutrient cycle in ecosystem?
3. What is the importance of forest ecosystem?

4. Agro-ecosystem types. Describe it.

5. Goods and Services Provided by Agroecosystem. Write in 150 words.

Multiple Choice Questions

1. Which of the following goods and services is not provided by ecosystem?
a) Food Crops

b) Carbon sequestration and climate regulations

c) Fibre crops

d) None of the above

2. Which of the following goods and services is not provided by ecosystem?
a) Medicinal Plants and herbs

b) Water purification and filtrations

c¢) Ornamental plants and flowers

d) None of the above

3.What is the other name of Boreal forests,

a) Taiga forests

b) Temperate forest

¢) Sub-tropical forest
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d) Savanna Forest

4. Which of the following is not a part of Forest ecosystem types
a) Tropical forest ecosystem,

b) Temperate forest ecosystem

c) Boreal ecosystem.

d) Agro-ecosystem

Answer) 1.d,2.d,3.a,4.d
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5.1 OBJECTIVES

e Understand the fundamental processes involved in the hydrological cycle, including
evaporation, condensation, precipitation, and runoff.

¢ Analyze the energy inputs and outputs within a watershed system, considering factors
such as solar radiation, temperature, and atmospheric conditions.

e Investigate the role of vegetation and land cover in modifying energy fluxes within the
watershed.

e Assess the impact of human activities, such as deforestation or urbanization, on the
energy budget and hydrological processes of the watershed.

e Explore methods for measuring and quantifying energy fluxes and water movement
within a watershed, including remote sensing and field observations.

e Evaluate the significance of energy exchanges in influencing hydrological phenomena

such as streamflow, groundwater recharge, and water quality.

5.2 INTRODUCTION

The hydrological cycle, also known as the water cycle, is a fundamental process that governs
the movement and distribution of water on Earth. It involves various interconnected
phenomena, including evaporation, condensation, precipitation, runoff, infiltration, and
storage. Understanding the energy dynamics within the hydrological cycle is crucial for
assessing the energy budget of watersheds, which refers to the balance between incoming and
outgoing energy fluxes within a specific drainage basin. Energy analysis of watersheds
involves examining the sources and sinks of energy, such as solar radiation, atmospheric heat
exchange, and surface processes, to comprehend how energy influences the movement and
transformation of water within the watershed. By studying the energy budget of watersheds,
researchers can gain insights into hydrological processes, predict water availability, and assess

the impacts of climate change and land use practices on water resources.

5.3 HYDROLOGICAL CYCLE

The hydrological cycle, commonly referred to as the water cycle, illustrates the movement of
water across the Earth's surface and within its atmosphere. It involves the continuous
transformation of water between its various states: solid, liquid, and gas. The entirety of water

present on or near the Earth's surface, encompassing all its forms, is termed the hydrosphere.
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This encompasses liquid and frozen water bodies like rivers, lakes, and oceans, as well as
groundwater stored within soil and rock layers, and water vapor suspended in the atmosphere.
The total amount of water on Earth remains constant, with no new water being generated;
instead, it undergoes perpetual recycling through the different stages of the water cycle. The

key components of the water cycle include evaporation, condensation, and precipitation.

condensation ‘

evaporation

Fig 5.1: Hydrological Cycle, Source: Google

Water Cycle in Order

Indeed, while evaporation, condensation, and precipitation are key components of the water
cycle, there are several other phases involved in this continuous process. Beginning with liquid
surface water, such as lakes, rivers, or oceans, the water cycle encompasses a series of

interconnected processes that maintain the balance of water on Earth.

1) Evaporation: Evaporation is the process by which liquid water transforms into vapor or gas

when heated, leading to its release into the atmosphere.

2) Condensation: Condensation is the process by which water vapor in the atmosphere cools

and transforms into liquid water or ice.

3) Precipitation: when moisture in the atmosphere falls back to the Earth's surface in various

forms such as rain, sleet, snow, or hail.

4) Sublimation: precipitation, such as snow or frozen water, instantaneously changes from ice

to gaseous water vapor.
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5) Transpiration: Transpiration is the process by which plants release water vapor into the

atmosphere through tiny openings in their leaves called stomata.

6) Runoff: As a precipitation flow across the ground, liquid water is drawn by gravity.
7) Infiltration: liquid water percolate down through the soil into the ground

Now we will see topic stages of water cycle in details

1) Evaporation in the Cycle

Evaporation is the process by which water changes from a liquid state to a gaseous state (water
vapor) and enters the atmosphere. It occurs primarily from the Earth's surface, including bodies
of water such as oceans, lakes, and rivers, as well as from moist soil and vegetation. Solar
energy heats the surface water, soil, or vegetation, causing water molecules to gain enough
energy to escape into the air as water vapor. Evaporation plays a crucial role in the water cycle
by transferring water from the Earth's surface to the atmosphere, where it can later condense

and form clouds, leading to precipitation.

The hydrological cycle, also known as the water cycle, is a fundamental process that governs
the movement and distribution of water on Earth. It involves various interconnected
phenomena, including evaporation, condensation, precipitation, runoff, infiltration, and
storage. Understanding the energy dynamics within the hydrological cycle is crucial for
assessing the energy budget of watersheds, which refers to the balance between incoming and
outgoing energy fluxes within a specific drainage basin. Energy analysis of watersheds
involves examining the sources and sinks of energy, such as solar radiation, atmospheric heat
exchange, and surface processes, to comprehend how energy influences the movement and
transformation of water within the watershed. By studying the energy budget of watersheds,
researchers can gain insights into hydrological processes, predict water availability, and assess

the impacts of climate change and land use practices on water resources.
2) Condensation in the water cycle

Condensation is a critical process in the water cycle where water vapor in the atmosphere
transitions from a gaseous state back into liquid form. It occurs when warm, moist air rises and
encounters cooler temperatures at higher altitudes or when the air itself cools due to other
factors like atmospheric dynamics or contact with a colder surface. This cooling causes the
water vapor molecules to lose energy, slow down, and come closer together, eventually

reaching a point where they form tiny liquid droplets or ice crystals.
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Fig 5.2: Condensation, Source: Google
Several factors can trigger condensation:

Cooling: As warm, moist air rises higher into the atmosphere, it encounters lower temperatures.
Since cooler air can hold less moisture than warmer air, the excess water vapor begins to

condense into liquid droplets or ice crystals.

Contact with Cold Surfaces: When warm, humid air comes into contact with a surface that is
colder than the dew point temperature (the temperature at which condensation occurs),
condensation forms on that surface. This process is commonly observed on cold drink glasses

or bathroom mirrors.

Adiabatic Cooling: Air can also cool adiabatically as it rises due to changes in pressure. As
air rises, it expands, which causes its temperature to decrease. This decrease in temperature can

lead to condensation if the air's moisture content reaches saturation.

Once condensation occurs, the tiny liquid droplets or ice crystals often gather around tiny
particles in the air called aerosols. These aerosols act as nuclei around which water vapor
condenses, forming larger droplets or ice crystals. These aggregated droplets eventually
become visible as clouds. Clouds are essentially vast collections of condensed water vapor

suspended in the atmosphere.

The type of cloud formed depends on various factors such as temperature, humidity, and
atmospheric stability. Clouds play a crucial role in the Earth's climate system by reflecting

sunlight, absorbing heat, and releasing precipitation in the form of rain, snow, sleet, or hail.

3) Precipitation in Hydrological Cycle
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Precipitation is a fundamental process in the water cycle where condensed water vapor in the
atmosphere falls to the Earth's surface in various forms such as rain, snow, sleet, or hail. It is a
crucial mechanism for redistributing water from the atmosphere back to the Earth's surface and

replenishing freshwater resources.

Precipitation occurs when condensed water vapor, typically in the form of cloud droplets or ice
crystals, grow large enough to overcome the forces of air resistance and gravity, causing them
to fall from the sky. The type of precipitation that reaches the ground depends on factors such

as temperature, humidity, and atmospheric conditions.
There are several types of precipitation:

Rain: Rain is the most common form of precipitation and occurs when water droplets in clouds
combine to form larger droplets that fall to the ground. Rainfall can vary in intensity, duration,

and distribution, ranging from light drizzles to heavy downpours.

Snow: Snow forms when water vapor in the atmosphere directly crystallizes into ice crystals
without passing through the liquid phase. These ice crystals accumulate in clouds and
eventually fall to the ground as snowflakes. Snowfall is common in regions with cold

temperatures, particularly during winter months.

Sleet: Sleet occurs when snowflakes partially melt as they fall through a layer of warmer air
before refreezing into small ice pellets before reaching the ground. Sleet is often associated

with wintry weather conditions and can create hazardous driving conditions.

Freezing Rain: Freezing rain forms when raindrops encounter a thin layer of cold air near the
Earth's surface and freeze upon contact with objects such as trees, power lines, and roads. This
can lead to the formation of ice accumulations, known as ice glaze, which can cause widespread

damage and disruption.

Hail: Hail is formed in strong thunderstorms with powerful updrafts that carry raindrops into
higher, colder regions of the atmosphere where they freeze into ice pellets. These pellets grow
in size as they collide with other particles in the cloud until they become too heavy to remain

aloft and fall to the ground as hailstones.
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Fig 5.3: Types of Precipitation, Source: Google

Precipitation plays a vital role in shaping Earth's climate, weather patterns, and ecosystems. It
provides essential moisture for agriculture, supports freshwater resources for drinking,
irrigation, and industrial use, and influences the distribution of plant and animal species.
Understanding precipitation patterns and variability is crucial for water resource management,

disaster preparedness, and climate change adaptation efforts.
4) Sublimation in Hydrological Cycle

Sublimation is a process in which a substance transitions directly from a solid phase to a gas
phase without passing through the intermediate liquid phase. In the context of the water cycle
and meteorology, sublimation specifically refers to the conversion of ice (solid water) directly

into water vapor (gaseous form) without melting into liquid water.

SUBLIMATION IS THE PHENOMENON BY WHICH
SOLID IS CONVERTED TO GAS DIRECTLY

Sublimation s *
- 9
— o ° o
Deposition ®
9
9
Solid Gas

Fig 5.4: Sublimation, Source: Google

Sublimation occurs when the atmospheric pressure is low and the temperature is below the
substance's triple point, which is the temperature and pressure at which all three phases of the
substance coexist in equilibrium. For water, the triple point occurs at 0.01°C (32.02°F) and

611.657 pascals (6.11657 millibars).

Several factors influence the occurrence and rate of sublimation:
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Temperature: Sublimation occurs more readily at lower temperatures. When the temperature

is below the substance's freezing point but above its sublimation point, sublimation can occur.

Pressure: Sublimation is more likely to occur under low-pressure conditions. Decreasing the
atmospheric pressure can facilitate the transition of a substance from solid to gas without

passing through the liquid phase.

Surface Area: Increasing the surface area of the solid substance can enhance sublimation. This
1s because more molecules are exposed to the surrounding environment, allowing for greater

evaporation into the gas phase.

Sublimation plays a significant role in various natural processes and environmental

phenomena:

Snow and Ice: Sublimation contributes to the gradual disappearance of snow and ice,
especially in regions where temperatures remain below freezing but atmospheric humidity is
low. In these conditions, snow and ice can undergo sublimation, directly converting into water

vapor and returning to the atmosphere.

Frost: Frost formation on surfaces such as windows or vegetation often involves sublimation.
Water vapor in the air can directly freeze onto these surfaces, forming ice crystals without first

becoming liquid.

Glacial Retreat: Sublimation can contribute to the retreat of glaciers in cold, dry regions. In
addition to melting, the direct conversion of ice into water vapor through sublimation reduces

the mass of glaciers over time.

Freeze-Drying: Sublimation is utilized in freeze-drying processes to remove moisture from
various substances such as food, pharmaceuticals, and biological samples. By subjecting the
material to low temperatures and reduced pressure, water molecules sublime directly from the

frozen state into vapor, leaving behind a dry product.

Overall, sublimation is a fundamental process in the Earth's water cycle and has practical
applications in various industries and scientific fields. It represents a direct conversion between
solid and gas phases, bypassing the liquid phase, and occurs under specific temperature and

pressure conditions.

5) Transpiration in Hydrological cycle
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Transpiration is the process by which water moves through plants and is released into the
atmosphere as water vapor. It is one of the major components of the water cycle and plays a
crucial role in the movement of water from the soil, through plants, and into the atmosphere.

Transpiration primarily occurs through tiny openings in the leaves of plants called stomata.

Transpiration T

Lost from Leaf Pores
in Transpiration.

Water Travels up p ’@ /ﬁq . T

Through Plant

T

Water absorbed
by Roots

Fig 5.5: Transpiration, Source: Google
Here's a detailed explanation of transpiration:

Water Uptake: Plants absorb water from the soil through their roots. This water, along with
dissolved nutrients, is transported upward through the plant's vascular system, consisting of
xylem vessels. The movement of water through the plant is driven by a combination of capillary

action, root pressure, and transpiration pull.

Stomatal Opening: Water vapor exits the plant through small pores called stomata, primarily
found on the underside of leaves. Stomata open and close in response to environmental factors
such as light intensity, humidity, temperature, and carbon dioxide levels. When stomata are

open, water vapor can diffuse out of the plant into the surrounding air.

Transpiration Process: As water molecules evaporate from the moist surfaces of the cells
inside the leaf, they create a negative pressure or suction force that pulls water upward through
the plant's xylem vessels. This process, known as transpiration pull, helps to maintain the
continuous flow of water from the roots to the leaves. Additionally, as water evaporates from
the leaf surface, it creates a slight cooling effect on the plant, which can be beneficial in

regulating leaf temperature.
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Water Vapor Release: The water vapor released during transpiration diffuses into the
surrounding air through the stomata. This water vapor contributes to the moisture content of

the atmosphere and eventually condenses to form clouds, which can lead to precipitation.
Transpiration serves several important functions in plants and the environment:

Water Transport: Transpiration helps to transport water and nutrients from the soil to all parts
of the plant, including the leaves, where they are used for photosynthesis and other metabolic

processes.

Cooling Effect: Transpiration helps to cool the plant by releasing water vapor into the
surrounding air. This cooling effect is particularly important for preventing overheating of

leaves, especially in hot and dry environments.

Gas Exchange: Stomata not only release water vapor but also allow for the exchange of gases,
such as carbon dioxide and oxygen, between the plant and the atmosphere. This is essential for
photosynthesis, the process by which plants convert carbon dioxide and sunlight into sugars

and oxygen.

Overall, transpiration is a vital process that facilitates water movement in plants, regulates leaf
temperature, and contributes to the water cycle by releasing water vapor into the atmosphere.
It is influenced by various environmental factors and plays a crucial role in plant growth,

ecosystem dynamics, and climate regulation.
6) Runoff in Hydrological Cycle

Runoff is a crucial component of the water cycle, referring to the movement of water across
the land surface towards bodies of water such as rivers, lakes, and oceans. It occurs when
precipitation, snowmelt, or other forms of water input exceed the soil's infiltration capacity or
when the ground is saturated with water. Runoff is a dynamic process influenced by factors

such as precipitation intensity, soil type, vegetation cover, land slope, and human activities.
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Fig 5.6: Runoff, Source: Google

Overall, runoff plays a critical role in the water cycle by redistributing water across the
landscape, replenishing surface water sources, and shaping landforms through erosion and
sediment transport. Understanding runoff processes and their interactions with the environment
is essential for sustainable water management and mitigating the impacts of floods, erosion,

and water pollution.

7) Infiltration: Infiltration is a critical process in the water cycle where precipitation, such as
rain or snow, seeps into the ground. This water then percolates through soil layers, eventually
reaching the groundwater reservoirs. Infiltration plays a crucial role in replenishing
groundwater supplies, which in turn sustains streams, rivers, and lakes during dry periods. It
also helps to prevent surface runoff and erosion by absorbing excess water into the soil.
Additionally, infiltration contributes to the purification of water as it passes through soil,
removing impurities and pollutants. Overall, infiltration is a vital component of the water cycle,
regulating the distribution and quality of water resources essential for ecosystems and human
activities.

ENERGY ANALYSIS AND ENERGY BUDGET OF THE WATERSHED

Understanding the energy dynamics within a watershed is crucial for comprehending the
various hydrological processes, ecosystem functions, and landscape evolution occurring within
it. Energy analysis and energy budget assessment provide valuable insights into the sources,
transformation, distribution, and balance of energy within the watershed system. This chapter
explores the concepts, methods, and implications of energy analysis and energy budget

assessment in watershed studies.
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Concepts of Energy Analysis
Energy Fluxes: Energy fluxes within a watershed refer to the rates of energy exchange and
transfer among different components, including incoming solar radiation, atmospheric heat

exchange, surface processes, and water movement.

1. Energy fluxes within a watershed represent the flow and exchange of energy among different
components of the watershed system, playing a fundamental role in driving various
environmental processes and phenomena. These fluxes encompass the movement of energy in
different forms, such as heat, light, and mechanical energy. Here's an expansion of the

components involved:

Incoming Solar Radiation: Incoming solar radiation, often referred to as insolation, is the
primary external energy source for Earth's ecosystems. This radiant energy from the Sun is
absorbed by the Earth's surface, warming it and driving many of the processes within the
watershed. It provides the energy required for photosynthesis in plants, heats the land surface,

and evaporates water from lakes, rivers, and soil surfaces.

Atmospheric Heat Exchange: Energy exchange between the atmosphere and the Earth's
surface occurs through various mechanisms. Sensible heat flux involves the transfer of heat
between the surface and the air through conduction and convection. Latent heat flux involves
the exchange of heat associated with phase changes of water, such as evaporation from the
surface and condensation in the atmosphere. Additionally, longwave radiation, emitted by both

the Earth's surface and the atmosphere, contributes to heat exchange processes.

Surface Processes: Surface processes encompass a wide range of energy exchange
mechanisms that occur at the interface between the Earth's surface and the atmosphere.
Conduction involves the transfer of heat through the solid materials of the Earth's crust, such
as soil and rocks. Convection refers to the transfer of heat through the movement of fluids, such
as air and water, driven by temperature and density differences. Radiation involves the
emission, absorption, and reflection of electromagnetic radiation, including both shortwave

solar radiation and longwave thermal radiation.

Water Movement: Water movement within the watershed plays a significant role in energy
fluxes. Evaporation from water bodies and soil surfaces requires energy input to change liquid
water into vapor. Transpiration from plants also involves energy transfer as water vapor is

released into the atmosphere. Additionally, energy is transferred through processes such as
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runoff, where water flows over the land surface, and streamflow, where water moves through

river channels.

Understanding the rates and patterns of energy fluxes within a watershed is crucial for
predicting and managing various environmental processes, including hydrological cycles,
ecosystem dynamics, and climate patterns. By quantifying these energy exchanges, researchers
can gain insights into the functioning of watersheds and develop strategies for sustainable water

resource management and conservation.

2. Energy Transfer Processes: Energy is transferred within the watershed through
mechanisms such as conduction, convection, radiation, evaporation, transpiration, and latent
heat flux. These processes influence hydrological processes, ecosystem dynamics, and

landscape evolution.

Conduction: Conduction involves the transfer of heat through solid materials, such as soil,
rocks, and vegetation, via direct molecular contact. In watersheds, heat conduction occurs
within the soil profile, influencing soil temperature gradients and moisture distribution.
Thermal conductivity, which depends on the material properties, determines the rate at which
heat is transferred. Variations in soil properties and moisture content can affect conduction
rates, influencing processes like soil warming, permafrost thawing, and groundwater

movement.

Convection: Convection is the transfer of heat through the movement of fluids, such as air and
water, driven by temperature and density differences. Within watersheds, convective processes
occur in the atmosphere, rivers, lakes, and groundwater. For example, air convection influences
atmospheric circulation patterns, leading to localized heating and cooling effects. Similarly,
water convection in rivers and lakes contributes to the mixing of water masses, affecting

temperature distributions and nutrient transport.

Radiation: Radiation involves the emission, absorption, and transmission of electromagnetic
energy, including both shortwave solar radiation and longwave terrestrial radiation. Solar
radiation is a primary energy source for watersheds, driving processes such as photosynthesis,
evaporation, and surface heating. Additionally, terrestrial radiation, emitted by the Earth's
surface and atmosphere, contributes to energy balance and influences temperature patterns

within the watershed.
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Evaporation: Evaporation is the process by which liquid water is converted into vapor and
released into the atmosphere. In watersheds, evaporation occurs from various surfaces,
including water bodies, soil, and vegetation. Solar radiation provides the energy necessary to
overcome the latent heat of vaporization, allowing water molecules to escape into the air.
Evaporation plays a critical role in the water cycle, influencing water availability, soil moisture

dynamics, and atmospheric moisture content.

Transpiration: Transpiration is the release of water vapor from plant leaves into the
atmosphere. It is driven by energy from solar radiation, which powers the process of
photosynthesis and creates a gradient for water movement from the roots to the leaves.
Transpiration regulates plant temperature, nutrient uptake, and gas exchange, affecting

ecosystem productivity and vegetation dynamics within the watershed.

Latent Heat Flux: Latent heat flux represents the energy exchange associated with phase
changes of water, such as evaporation and condensation. In watersheds, latent heat flux is a
significant component of the energy budget, particularly in regions with high rates of
evapotranspiration. It plays a crucial role in redistributing energy between the land surface and

the atmosphere, influencing atmospheric stability, cloud formation, and precipitation patterns.

Overall, energy transfer processes within watersheds are interconnected and drive a wide range
of environmental phenomena. Understanding these processes is essential for predicting and
managing watershed dynamics, including water resources, ecosystem health, and land-use

planning.

3. Energy Budget: The energy budget of a watershed refers to the balance between incoming
and outgoing energy fluxes. It involves quantifying energy inputs (e.g., solar radiation) and
outputs (e.g., sensible heat flux, latent heat flux) to assess the overall energy balance within the

watershed.

The energy budget of a watershed refers to the balance between the incoming and outgoing
energy fluxes within the watershed system over a specified time period. It involves quantifying
the sources and sinks of energy and assessing how energy is distributed and transformed within
the watershed. Similar to a financial budget, where income and expenses are tracked to ensure
financial stability, an energy budget provides insights into the overall energy dynamics and

balance within the watershed.
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Components of the Energy Budget:

Incoming Solar Radiation: Incoming solar radiation represents the primary energy input to
the watershed. It includes direct and diffuse solar radiation received by the Earth's surface. This
energy drives various processes such as heating the land surface, evaporating water, and

powering photosynthesis in plants.

Atmospheric Heat Exchange: Energy is exchanged between the atmosphere and the Earth's
surface through mechanisms such as sensible heat flux, latent heat flux, and longwave
radiation. Sensible heat flux involves the transfer of heat through conduction and convection,
while latent heat flux is associated with phase changes of water, such as evaporation and

condensation.

Surface Processes: Surface processes within the watershed, including conduction, convection,
and radiation, contribute to energy exchange between the land surface and the atmosphere.
These processes influence temperature gradients, soil moisture dynamics, and heat storage

within the watershed.

Water Movement: Water movement, such as evaporation, transpiration, runoff, and
streamflow, also involves energy exchange. Evaporation and transpiration require energy input
to convert liquid water into vapor, while runoff and streamflow transfer energy as water moves

across the landscape.
Assessment of the Energy Budget:

To assess the energy budget of a watershed, researchers measure or estimate the incoming and
outgoing energy fluxes using various techniques such as meteorological instruments, remote
sensing, and hydrological modelling. This involves collecting data on solar radiation, air

temperature, humidity, wind speed, and other meteorological variables.

Once the energy fluxes are quantified, researchers can compare the incoming energy (e.g., solar
radiation) with the outgoing energy (e.g., sensible heat flux, latent heat flux) to determine the
overall energy balance of the watershed. A balanced energy budget indicates that the amount
of energy entering the watershed equals the amount of energy leaving it, resulting in stable

environmental conditions.
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Implications of the Energy Budget

Understanding the energy budget of a watershed has several implications for watershed
management, ecosystem dynamics, and climate studies. It helps predict and assess changes in
water availability, temperature regimes, and vegetation dynamics within the watershed.
Additionally, it provides insights into the impacts of land use changes, climate variability, and

human activities on watershed processes and ecosystem health.

In summary, the energy budget of a watershed provides a valuable framework for analyzing
and understanding the energy dynamics driving environmental processes within the watershed.
By quantifying energy fluxes and assessing the energy balance, researchers can improve their

understanding of watershed behaviour and inform sustainable management practices.

Methods of Energy Analysis

Measurement Techniques: Energy fluxes within the watershed can be measured using various
techniques, including meteorological instruments (e.g., pyranometers, thermometers,
anemometers), remote sensing (e.g., satellite imagery, LiDAR), and hydrological modelling

(e.g., energy balance models, numerical simulations).

Data Collection: Data on solar radiation, air temperature, humidity, wind speed, and other
meteorological variables are collected from weather stations, satellite observations, and field
measurements. These data are used to quantify energy fluxes and construct the energy budget

of the watershed.

Modelling Approaches: Hydrological models, coupled with energy balance models, can
simulate energy fluxes and water movement within the watershed. These models integrate
meteorological data, land surface characteristics, and physical processes to estimate energy

fluxes and assess the energy budget of the watershed.

Implications of Energy Analysis

Hydrological Processes: Energy analysis helps to elucidate the role of energy in driving
hydrological processes such as evaporation, transpiration, infiltration, runoff, and streamflow.
Understanding energy dynamics enhances our ability to predict water availability, flooding,

and droughts within the watershed.

Ecosystem Dynamics: Energy influences ecosystem functions such as plant growth, carbon

sequestration, and nutrient cycling. Energy analysis helps to quantify the energy inputs required
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for photosynthesis, respiration, and other biological processes, thereby informing ecosystem

management and conservation efforts.

Landform Evolution: Energy analysis elucidates the role of energy in shaping landforms
through processes such as erosion, weathering, and sediment transport. Changes in energy
inputs or land use practices can alter erosion rates, sediment yield, and landscape morphology

within the watershed.

5.4 SUMMARY

The study of the hydrological cycle and energy analysis within a watershed provides a
comprehensive understanding of how water moves through and interacts with the landscape.
The hydrological cycle encompasses processes such as evaporation, condensation,
precipitation, and runoff, which are driven by energy inputs from the sun. Energy analysis
involves assessing the various sources and fluxes of energy within the watershed, including
solar radiation, temperature, and atmospheric conditions. By analyzing the energy budget of
the watershed, researchers can examine how energy is distributed and utilized within the
system, influencing hydrological processes such as streamflow, groundwater recharge, and
water quality. Understanding these interactions is crucial for effective water resource
management and environmental planning, especially in the context of changing land use
patterns and climate conditions. Through a combination of field observations, remote sensing,
and modelling techniques, scientists can quantify and predict the behaviour of watersheds,
informing sustainable management practices and adaptation strategies in the face of

environmental challenges.

5.5 GLOSSARY

Energy Budget: An energy budget is a concise summary of all incoming and outgoing energy

flows within a system, providing a snapshot of how energy is distributed and utilized.

Glacial Retreat: Glacial retreat refers to the process by which glaciers shrink or decrease in

size over time, often due to a combination of factors such as melting, sublimation, and calving.

Latent heat: Latent heat is the energy absorbed or released by a substance during a change in
its state (e.g., solid to liquid or liquid to gas) at constant temperature, without a change in

temperature itself.
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Evaporation: Evaporation is the process by which a liquid, such as water, transforms into a

gas, typically occurring at the surface of the liquid due to heat energy from the surroundings.

Sublimation: Sublimation is the transition of a substance directly from the solid phase to the

gas phase without passing through the intermediate liquid phase.

Hydrological Cycle: The hydrological cycle is the continuous circulation of water on Earth,

involving processes such as evaporation, condensation, precipitation, and runoff.

5.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you that climate change is the major cause of Glacial retreat.

2. Do you know that Sublimation is a process in which a substance transitions directly from a

solid phase to a gas phase without passing through the intermediate liquid phase.

5.7 REFERENCES
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5.8 TERMINAL QUESTIONS

Long Questions

1.Explain energy analysis and energy budget of the watershed in 500 words.

2. What is the hydrological cycle and its importance? Describe it in 800 words.

Short Questions
1. What is runoff in Hydrological cycle?

2. What is evaporation?
3.Types of precipitation: explain them in brief.
4. What is conduction?

5. What is convection?
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6.What is Condensation in the Hydrological cycle?

Multiple choice Questions

1. What is the other name of Hydrological cycle?

a) Water Cycle

b) Nutrient cycle

¢) Oxygen cycle

d) Nitrogen Cycle

2.Which type of radiation serves as a primary energy source for watersheds?
a) Terrestrial radiation

b) Ultraviolet radiation

¢) Infrared radiation

d) Solar radiation

3.What processes are driven by solar radiation in watersheds?

a) Soil compaction

b) Nutrient cycling

c¢) Photosynthesis, evaporation, and surface heating

d) Groundwater recharge

4. How does terrestrial radiation influence temperature patterns within watersheds?
a) It has no effect on temperature patterns

b) It decreases temperature uniformly across the watershed

c) It contributes to energy balance and affects temperature patterns
d) It only affects temperature in aquatic ecosystems

Answers) 1.a, 2.d, 3.c, 4. ¢
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BLOCK 3: ENVIRONMENTAL STATUS

UNIT 6: NATURAL RESOURCE APPRAISAL AND
DEVELOPMENT

6.1 OBJECTIVES

6.2 INTRODUCTION

6.3 NATURAL RESOURCE APPRAISAL AND
DEVELOPMENT

6.4 SUMMARY

6.5 GLOSSARY

6.6 ANSWERS TO CHECK YOUR PROGRESS

6.7 REFERENCES

6.8 TERMINAL QUESTIONS

]
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6.1. OBJECTIVES

o Knowing about the availability of natural resources.
o Underscoring the importance of natural resources to humans and nature.
e Making strategies for the planned development of natural resources.

o To conserve natural resources for the health of future generations.

6.2 INTRODUCTION

Natural resources are the biggest gift given by nature to humans. Along with all the natural
resources like water, air, soil, vegetation, and animals, humans are the biggest resource because
they are called natural resources only when humans use them. Otherwise, the resources lying
on the earth's surface or underground are not called resources. The use of natural resources and
economic development for humans becomes the basis for evaluating resources. Nature has
contained many types of possibilities in its resources for the protection and survival of human
beings and living beings, but due to human discretion, technical knowledge, own needs, and
materialistic multiple-use ideology becoming more prevalent at present, the need for resource
assessment becomes essential for long-term supply for future generations. The evaluation of
natural resources remains only a formality. In reality, the only evaluation done by man for man
from time to time to ensure the long-term sustainability of human resources on earth is water,
a free gift from nature. Excessive exploitation and use of air, vegetation, soil, and living beings
has become a challenge for mankind and the environment, for the solution of which evaluating
natural resources becomes a very important subject. This is included as an integral part of life
for humans and the natural resources of the entire earth.

In a country like India with a large population and an agricultural-based developing economy,
the evaluation of resources is a very important aspect because the vastness of India's physical
form and the uneven distribution of resources create a huge crisis for the future of mankind
because the amount of natural resources is limited and one day they will be exhausted. Man's
intellectual knowledge, development, technological efficiency, capital adequacy, resource
demand, and consumption have been increasing the use of unlimited quantities of natural
resources (except renewable resources) that can be exhausted from the earth's surface, leading
to one and some natural On the other hand, the quantity of resources is decreasing, and on the

other hand, there is a qualitative change in the natural resources that are proving to be unusable
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for humans as well as natural flora and fauna, such as the qualitative change in the nature of
both air and water as a result of excess pollution. Are happening.

Mainly, urbanisation and industrialization are responsible for changes in natural elements.
Whereas the climate element is the most useful among the elements of fauna and weather, it is
unfair to imagine life in its absence. Therefore, in the present time, it is very important to
evaluate the natural resources for consumption, conservation, and sustainability. Evaluation
work will have to be done from time to time by implementing strategies for their sustainable
use by using human knowledge capital and technology. Human development will be based on
the principle of sustainable resource development by coordinating traditional and new
knowledge on the basis of future needs and current resource availability, adopting technology,
and making sustainable long-term plans with minimal natural, economic, and cultural damage.
We will have to work for welfare. Which all the processes of life development on a green planet
like Earth will be able to operate continuously for a long time.

6.3 NATURAL RESOURCE APPRAISAL AN DEVELOPMENT

6.3.1 Natural resources meaning and definition

Natural resources are those free gifts given by nature that can be used with human knowledge
for human welfare. Become versatile; humans have always been able to fulfil their infinite
needs by using natural resources. In reality, human knowledge is a resource asset. It will be
useful from the beginning of civilization until eternity. The organic-inorganic matter provided
to the environment by nature does not become a resource unless it is useful to humans or unless
humans are able to utilise that bio-inorganic matter. That is, those substances, things, or
energies that are used to help human beings or fulfil any need are called resources. In this way,
their utility and working capacity are linked to the resources. In this way, the meaning of the
word resource is not applied to any object or substance but to the fulfilment and work of any
object or substance, such as obtaining energy by burning coal or electricity by using water in
hydropower. Natural resources, defined as the quality, capability, and function of an object or
substance that is assessed and trusted by humans and becomes a human asset, are given the
analogy of a resource. Zimmerman “Resources do not exist but are created by human effort”.

In conclusion, natural resources are those means that provide human welfare through the
natural environment. Are provided for. Which fulfils all the materialistic needs of humans?
Which man transforms his cultural and intellectual knowledge and makes it useful for himself?

Therefore, the usefulness of resources is determined by human use.
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6.3.2 Natural resource creation and human

Formation of natural resources: In general, most of the natural resources are formed due to the
destructive tectonic movements occurring in the earth, temperature, surface pressure, and
biological resources remaining buried in the earth's underground for a long time. The
usefulness and quality of the resource, which mainly includes minerals, are determined by the
climatic conditions present on Earth. Under which mainly plants and animals are included.
Therefore, natural resources are created by nature itself, whereas humans create these resources
with their own knowledge and skills and use them. Nature has provided physical limits for
production, but the final product is produced by humans only. Rather than using the resources
provided by nature, humans have made them useful for themselves by changing their form.
Like humans, we have cleared forests and done various types of agricultural work, such as
producing crops, generating solar energy from the sun's heat, extracting iron from mines,
creating industrial civilization, etc. With the advancement of science, man has started creating
many useful human resources in space as well, which is the result of the resource development
and use of human knowledge. But among all these resources, the human being is the best
resource because it has an inexhaustible storehouse of energy and efficiency.

This creates resources to fulfil biological needs and desires. Thus, the result obtained from the
above analysis is that the elements constituting natural resources are mainly the combination
of nature and culture created by humans. The culture used by humans is the combined product
of the use of nature's resources. Where the background of human and cultural factors that create
resources is essential, which is provided by nature.

6.3.3 Natural Resource Concepts

a) Dynamic Concept - According to this ideology, resources are the natural product of a
dynamic trend in which humans' intellectual knowledge, physical capacity, and need for
consumption are especially responsible. Because unless a thing fulfils human needs, it is not
called a resource; hence, this concept is based on “resources are not created”.

b) Static concept- Resources are static and fixed; their results cannot be increased whether
humans use natural resources or not. Resources provide human happiness, prosperity, and
welfare. Unless humans use any resource, it remains a mere waste element.

6.3.4 Classification of resources

After the development of human knowledge, science, and technology, and after gaining

maximum knowledge about the use of natural resources, man has started exploiting most of
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the natural resources. Natural resources are classified in the following manner on the basis of
their intellectual efficiency: discovery, use, availability, and development.

(1) On the basis of ownership

(i) Personal resources: Personal resources of the family: family property, land, buildings,
money, physical health, intellectual capacity, etc.

(if) National resources: Citizens of a state or nation, nation's wealth, government, international
relations, trade and military power.

(iii) World Resources: Natural and manpower resources located in countries all over the world
are recognised as world resources.

(2) On the basis of replenishment (i) Replenish able resources- which can be used to
increase their quality, like making agricultural land useful for a long time by using fertilisers

or reproducing forests by cutting them.

(iii) Non-replenish able resources — Those resources that were once used are destroyed

forever. Like coal, petrol, and fuel.

(iv) Sustainable Resources- Resources that never get exhausted, like solar, thermal, tidal,

and wind energy

(iv) Cyclic resources- Resources which are recycled and reused like iron, manganese, silver,

aluminium and all metallic minerals.
(3) On the basis of distribution

(i) Universal resources- which are available at all places in the atmosphere, like nitrogen and

oxygen.

(i1) Resources with general availability- are those resources that are not available everywhere,

like cultivable land, soil, pasture land, etc.

(iii) Scarce resources- are resources that can be obtained only at a particular place, such as

uranium, gold, and petroleum products.

(iv) Single source resources- which are available only in one place in the world, such as

cryolite found in Greenland.
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(4) On the basis of human use

(1) Unused resource- as long as the resource is away from human reach. So it is called an
unused resource. Till the 16th and 17th centuries, humans did not use natural resources or know

about them, so they were unused resources, like the forest areas of the Amazon.

(if) Non-exploitable resources- are those resources that are useful at present but will become

inaccessible to humans in the future, such as currently mined mines.

(iii) Potential resources- are those resources that can be used in the future, like flowing water

from rivers, solar power, nuclear power, green hydrogen, etc.

(iv) Latent resources- are those resources that, even at present, man have not been able to
discover or has not been able to fully utilise, such as ocean water and sources of solar thermal

power, which man has not been able to fully utilise even today.

(5) On the basis of human consumption- On the basis of human consumption natural

resources are divided into three types.

(i) Food items- Include all natural, man-made resources under food items. Tuber roots,
agricultural crops, beverages, horticulture products, green vegetables, food items, salt, milk,
and meat products obtained from animals, etc.

(i) Raw products- All the things obtained from forests, agriculture, minerals, and, apart from
this, fertiliser materials.

(iii) Resources of power

(i) Exhaustible resources: Those resources that get destroyed after one use, like wood, petrol,

fuel, natural gas, etc.

(ii) Inexhaustible resources- are those resources that do not get exhausted even after human

consumption for a long time, like wind, flowing water, sunlight, tides, etc.
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6.3.5 Major Natural Resources

The major natural resources found in the earth's surface are as follows.

Natural Resources

[ ] 1 l

Plants Minerals Animals Air
Soil

(i) Air- Air is the first basis for the survival of living beings on the planet Earth. Air is the first
natural resource because life cannot be conceived in the absence of oxygen. The amount of air
in the biosphere is responsible for the life of living beings in the entire water, land, and
atmosphere. And determines the living area. Where there is a decrease in the amount of air, life
comes to an end. Oxygen, provided as a gift by nature, is found in about 21% of the gases
present in the atmosphere. In nature, the energy of sunlight is used by green plants in the
production of oxygen, but at present, oxygen is also produced by humans through artificial

methods, which are mainly used in medicine and mountaineering.

(2) Water resources - Water resources provided by nature for survival, second It is a gift that
is chemically composed of two hydrogen molecules and one oxygen atom. In 71% of the entire
earth's land, water resources are available, collected or flowing, in the form of oceans, seas,
ponds, rivers, natural sources, glaciers, and underground water. Which humans use for drinking
water, farming, and other water purposes (2—3%). The biggest feature of water is that about

70% of it is found in the human body.

Therefore, due to a lack of water resources, all physical and cultural activities of humans get
blocked (domestic and industrial water supply, food items, agricultural crop production,
transportation, business activities, hydropower projects, and other uses of human settlements).
Therefore, special emphasis should be given to protecting and preserving the prevalent concept
of water life in a meaningful way. This is the earth's greatest free resource for humans. Which
is found in the form of snow up to the average altitude of 3800 metres on the Earth and up to
the highest height of the lithosphere, Mount Everest? Apart from this, both poles of the earth
have also preserved water through ice cover. In this way, the quantity of water resources on
earth is fixed, which continues to be received by the earth in the form of rain only through

cycling.
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(3) Soil resource: Soil has been considered the main element of the natural environment.
Animals, minerals, climate, time, vegetation, and rocks contribute to its formation. Generally,
it is the upper layer of the earth's surface, which is found at a depth of 0.005mm to 2000mm.
The only quality found in soil is that it gives birth to any seeds; hence, soil is called the resource
that gives birth to humans because the entire life of the soil is dependent on the soil resource
and all living beings. Gets food directly and indirectly from the soil. Agricultural production is
based on soil; about 80% of the world's population lives in soil-related systems. The soil layers
on the earth's surface are shown by a circle, which is divided into three parts, A, B C
perpendicular to the bed. In which the parent rocks at the bottom are dark-coloured soil, in the
upper layer, all layer with coarse particles is deep. Organic soil contains organic matter. Soils
are mainly divided on the basis of their colours into brown, brown, yellow, red, black,
mountain, desert, coastal, acidic, and alkaline, whereas the soils of India have been divided into
eight parts in ICAR 1963.Alluvial (2) Black (3) Red (4) Lit-right soil (5) Forest Mountain soil
(6) Dry desert soil (7) Saline and alkaline soil (8) Peat

(4) Forest resources- Forest resources are assets nurtured by nature and free from human
interference. Which is a valuable Along with the resources, there is food, shelter, fuel,
medicine, and many other invaluable materials. Provide for living beings. The biggest task is
to protect the earth by exploiting carbon dioxide. Provide oxygen to maintain life balance
among the residents. The entire land area of the earth is present in about 11% area, which is a
small area of the vast landmass. In the absence of which the life cycle of the earth gets affected,
forest resources include cover ranging from grasses and bushes to trees up to hundreds of
metres high. But the industrial urban civilization of modern humans is causing damage to
forests on a large scale, which is not a good sign for life on earth. Forests are divided into four

parts on the basis of species and other characteristics.

0] Forests: tropical equatorial warm humid forest, tropical deciduous forest;

(i) Mid-latitude forests: Mediterranean, evergreen forests, temperate
deciduous forests, temperate and mixed forests, temperate coniferous
forests.

(iii)  Desert forest

(iv)  Tundra forest
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(5) Mineral resources- The general meaning of mineral resources is the substances discovered
in the soil, i.e., the inner part of the earth's surface, which are formed by physical and chemical
changes after thousands of years of geological movements on the earth's surface. It

happens. Mineral ~ resources are  mainly  divided into  three  parts.

Mineral resources

| ' }

Metallic minerals Non-metallic minerals Mineral fuel

() Metallic minerals- (i) Recycled minerals are included under metallic minerals. Like
iron, gold, silver, manganese, chromium, copper, bauxite, zinc, glass, platinum, etc.

(i) Non-metallic minerals: mineral substances that get exhausted after one use, like salt,
mica, sulphur, potash, lime, gypsum, graphite, etc.

(iii)  Mineral fuels are substances useful as power sources like coal, petroleum, natural

gas, uranium, thorium, etc.

Thus, minerals are used only on the basis of human intellectual efficiency, capital, and
technological development. In scientific terminology, minerals are those inorganic
substances that have a specific chemical composition, and rock is formed by the mixture of
their particles. In the present industrial age, mineral resources are playing an important role
in international identity; hence, it is called mineral civilization. Also called era. Minerals are
the natural resource that reaches the peak of human development and on which the entire

construction work of modern civilization depends.

(6) Means of power - With economic progress, men also started feeling the need for means
of power. In ancient times, man used to work using objects and his own energy. Over time,
with the advancement of science and an increase in human knowledge, natural energy was used
to operate machines with the help of technological development. After the 18th century, the
industrial revolution led to the development of fossil fuels, mineral oil, natural gas,
hydroelectric power, wind, etc. Power, tides, bravery, thermal energy, natural gas, petroleum
products, and green fuel have become the major energy resources with which the entire
machine age economy is running, in the absence of which the direction of the present industrial

economy cannot be determined. Could the giant machine be dependent on means of power?
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Even the means of transportation are 100% dependent on energy sources (petrol, natural gas,
and electric power).

Till now, the day-to-day progress of human beings is dependent on the means of power and is
attaining new dimensions of development, but unplanned energy resource usage is also giving
impetus to natural imbalance. At present, the details of the instruments are explained in Table
No. 6.1.

(7) Biological resources: Under biological resources, all the microscopic to giant organisms
of the water, land, and air spheres are included. Just as human life cannot be imagined in the
absence of climate and vegetation, similarly, human existence cannot be sustained in the
absence of animals. Because living beings join together in a chain to form an ecosystem,
Provides stability and maintains the existence and life balance of living beings for a long time.
Livestock is the largest economic resource of all animals in the world, even though industrial
progress has reached its peak. Why haven't you achieved it? Still, the annual production value
is still higher than that of minerals. Living resources are used for human grooming, food,
money, entertainment, security, cleaning, and especially for the transportation of goods and
agricultural works. Even most scientists and food experts believe that in the future, ocean
organisms will be the only source of food. Almost 50% of human beings are directly or
indirectly dependent on these organisms. Human resources are included under biological
resources, but being the supreme consumers of all natural and man-made resources, they have

been described separately.

(8) Human resources- The best wealth of earth and nature is human beings. Man's physical
capacity and physical development give him the best position among all living beings, because
natural resources are meaningless unless humans use them. Therefore, a human being is a
beautiful creation born on earth. Who has made impossible tasks and resources useful? From
the origin of human beings on Earth to the present AD, the number of humans has reached
more than 8 billion and has been able to extend the use and consumption of natural resources
to the land and atmosphere. Even on other planets and their satellites, work is currently being
done for resource utilisation and development. At present, human resources cover about 50—
70% of the earth's surface. But the distribution of its numbers is uneven, yet the position of

human resources has been central.
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Because it is capable of developing and adapting any resource, the resources become more
useful by adjusting the physical conditions here as per their own. Resource assessment is based
on the concepts of development and sustainable consumption of human resources. This concept
works on man's ambition to consume natural resources in the long run. Through which man
can use the resources provided by nature from generation to generation, and natural resources
continue to exist on earth. This is called natural resource assessment. The objective of the
natural resource evaluation study is that natural resources (climate, soil, natural vegetation,
animals, sources of power, minerals) are useful for humans only for the sustainability of human
cultural and economic value. When it creates ecological balance. Because the lifespan of all
the resources provided by nature is not going to last long. These are also depleting solutions
that, after some time, will disappear forever from the planet Earth, such as natural gas, coal,
petroleum products, metallic minerals, and all non-metallic minerals, the side effects of which
are adverse to the development and life span of new generations. Will be visible clearly. As
complete resource exploitation is leading to the depletion of natural resources, on the other

hand, many types of environmental crises have arisen.

Just as in the last three-four decades, climate change and global warming have affected the
weather cycle of the entire earth and the world, due to which there has been excessive use of
natural and organic fuels, similarly, at present, the status of natural resources is changing
among many countries. There will be differences among many countries due to the birth of
many crises like mineral consumption, water supply management, air cleanliness, and security,
such as America's boycott of immediate climate change Paris conference agreements or the
birth of the third world war in the near future due to water supply. Forecasting underpins natural
resource assessment.

Thus, protection of life on the entire earth, balance of resource availability and utilisation,
environmental balance for human progress, inventory of exhaustible natural resources,
sustainable nutrition principles, development of new renewable resources, solar light,
hydroelectric power, wind energy, and geothermal Emphasis on the use of energy, green

energy, sustainable development of natural resources, and resource assessment are essential.

Without resources, developmental activities are also negative. On the other hand, excessive use
also reduces the working capacity of resources to zero, such as loss of soil fertility, depletion
of reserves of petrol, natural gas, coal, and metallic minerals, loss of qualitative capacity of air

due to climate pollution, and depletion of biological resources. Reduction in their quantity due
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to overuse, depletion of vital air due to indiscriminate cultivation of trees and plants, imbalance
and subsequent crisis due to large hydropower projects, indiscriminate use of human resources
leading to major disasters (nuclear reactor) Explosions and industrial disasters have been

occurring in different parts of the country.

To prevent all these incidents and to protect the environment, the evaluation of
natural resource availability and consumption is very important in the context of human
development. Which should be adopted by humans for human welfare because huge
natural resource reserves are required for human welfare, but whose quantity is still left
in limited quantity in the earth, for which natural resource evaluation is absolutely

necessary?

6.3.7 Natural Resource Assessment

(1) Air- acts as a life force for all the living beings of nature, in the absence of which life cannot
survive on the earth's surface. Therefore, a qualitative evaluation of air is done on the basis of
air quality and its importance. Because since the 18th century, industrial development, nuclear
testing, and urbanisation have greatly polluted the air quality. As a result of the presence of
various types of pollutants in the air, many cities around the world have earned the moniker
"smoke cities." These have become centres of poisonous air; the vital air is becoming polluted
with carbon dioxide, monoxide, sulphur, and nitrogen and is becoming unbreathable. Polluted
air is becoming the cause of many health-related diseases and the deaths of hundreds of people.
At present, the Air Quality Index (AQI) is 0-50 p.m., better than 51-100 p.m., which is the
normal level, but in reality, the Air Quality Index is found to be 2-5 p.m.—10 p.m., for the

cleanliness of which air quality appraisal is necessary.

(i) Water resource- Even the naturally pure water resource has been polluted by human
development. Out of 71% of the world's water, only two to three percent is potable for humans.
Due to the mixture of man-made toxic elements, industrial waste, detergent, and ammonia in
the water, it becomes unfit for drinking. Sometimes, in big cities, there is no possibility of even
irrigation due to polluted water. Drinking polluted water is causing many types of water-borne
diseases in the human body. Drinking water supplies will also be affected in the future due to
contamination of water reserves, rivers, and underground water. Due to a lack of drinking water
supply in many countries, civil war-like situations may arise for water. Due to the high amount

of pollution in the water, sometimes acid rain also starts occurring in industrial areas. To avoid
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all these water crises and to maintain the natural form of water, water resource assessments are
done from time to time.

(iii) Soil — Soil is the third natural resource after air and water. The life cycle of all living beings
on earth depends on the soil. It takes 100 years for the development of a 1-centimetre layer of
soil. The unique ability to produce and provide nutrition is present in the soil. Many types of
nutrients and minerals are found in the soil, but the race of modern civilization has reduced the
fertility of the soil. Various types of chemical elements, irrigation, and ionic elements have
affected the natural properties of the soil and weakened its productive capacity. is being done
and As a result, there is a reduction in the production of agricultural products, and there may
be a shortage of more agricultural products in the future. Due to this, the problems of food
crises and starvation can arise; hence, there is a need for soil evaluation to develop the
nutritional capacity, conservation capacity, and refertility capacity of the soil.

(iv) Forest resources- Forests are the lungs of living beings. They contribute significantly to
maintaining oxygen balance by cycling oxygen and carbon dioxide. At the same time, by
becoming a decoration of the earth, a source of natural beauty, and a place of peace, it provides
food to animals and also maintains everyone's dependence on themselves, directly and
indirectly. But the present agriculture, industry, city, and transport route development are
destroying forest resources on a large scale, whereas in the entire world, only 11% of the land
area is left with forest cover by humans. Which is giving rise to a very dangerous situation for
the inhabitants of the earth? Due to this, forest protection acts have been made many times by
the governments for conservation, and there is a need for tree plantation work in place of forest
degradation and forest resource assessment to maintain forest expansion in a certain area.

(v) Mineral Resources- Mineral resources are new resources that have a limited reserve that
will get exhausted after some time, and the era of industrial development will come to an end;
hence, in time, man has to evaluate the mineral resources for the discovery and limited use of
new resources. This is also necessary for the continued development of the next generation.
Among the sources of power, man-made sources of power are hydroelectric, nuclear, which is
a renewable source, and also wind, geothermal, tidal, and green energy, which are included in
the renewable resources, which are never-ending resources, but their Technical improvement
and development have to be done to make maximum use of all these. The use of renewable
resources in place of exhausting natural energy resources should be emphasised so that the
environmentally friendly relationship of energy resources can be maintained for a long time.
(vi) Biological resources- All living organisms living in water, land, and air provide a strong
base for the ecological system and establish balance. All of them are currently being affected
by man-made activities. Due to the affected life range, the ecological balance is continuously
deteriorating; many species have become extinct, and many are on the verge of extinction.
Therefore, biological resource assessment is the biggest security key for the present and future
for the safety and importance of all living ecosystems.

(vii) Human Resource: The unique product of earth and nature is the human resource, which
has been using all the organic and inorganic substances for itself. Approximately 8 billion
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people in the world exist as human resource capital, but the uneven distribution of human
population growth and regional distribution has not been suitable for development and
utilization. The use of natural resources has mostly been limited to the land area; there is no
excessive population; in some places, there is one person per square kilometre; in some places,
not even a single human resides; nor has the human resource been fully exploited economically.
Some human resources are being used only in limited numbers and areas, in which developing
countries are the most affected and low-level solutions are being used, whereas in rich
countries, which have a sufficient population, the solutions are limited; hence, the use of
manpower is to be balanced. Human resource evaluation is necessary.

6.3.8 Natural resource development-

Every object in the environment around humans, i.e., living beings, that fulfils any need of
humans, which includes economic profit potential, cultural belief, easy availability, and
technological development, is included in the category of technological resource development.
The existence of resources on the earth's surface is very important for the survival of human
beings. Exploitation of resources freely available to humans from nature is based on the concept
of greed. Changes in both the quantity and quality of natural resources keep happening from
time to time. Natural resources include climate, soil, vegetation, animals, energy resources, and
human development, which have been done by nature itself. Whereas the ability to use them
has been developed by humans since the era of urban civilization on the basis of their
intellectual knowledge, technological development, and necessity. In the initial phase, resource
utilisation and consumption were based on human labour, but with the new advancements in
science, many new techniques of resource utilisation have been developed, and the art of
utilising natural resources even from complex places has been developed.
Such as extraction of minerals by digging mines to a depth of hundreds of kilometres,
extraction of natural gas and petroleum products from the sea, emergency medical services by
filling natural air (oxygen) in blenders, use of flowing water in space and high places,
hydroelectric power and use in irrigation, farming in flat areas, urban development, re-
plantation of barren lands, development of sustainable resources in place of rapidly depleting
solutions, such as energy sources like digestion, geothermal, solar, tidal, etc. And emphasis is
being given to the development of green energy.

To prevent environmental pollution, promotion of non-polluting fuels and creation of resource
circular systems are new dimensions of human resource development. Resource development
planning is being conserved for future generations by ensuring proper use of resources by
implementing the concept of sustainable development for long-term use of resources and
enunciating international rules like Earth Summit Agenda 21. Apart from this, for sustainable
development of resources, in modern times, human beings will have to emphasise global-level
identification of all traditional and renewable resources, resource quantity, availability survey
and resource storage tabulation, and the planning of technical skill development for maximum
utilization. A framework should also be prepared; emphasis should generally be laid on
balancing resource consumption between demand and availability, which will provide stability
to the concept, development, and form of the resource.
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6.4 SUMMARY

Natural resource assessment is a free product provided by nature for human benefit, which
emphasises the concept of sustainable development for human use and development. Believes
more in formulating strategies for long-term use of resources and following rules. Because
most of the natural resources in nature, i.e., the earth surface, minerals, iron, copper, gold,
brass, silver, graphite, chromium, zinc, coal, petroleum products, natural gas, uranium, and
thorium, are forever exhaustible resources. The mines of the non-metallic minerals salt, mica,
sulphur, potash, lime, gypsum, and graphite are also to be exhausted one day. Apart from this,
exploitation of natural flora and fauna, an increase in species extinction and sensitivity, and
ecological imbalance due to a reduction in forest cover are giving rise to a crisis in the food
chain of animals dependent on life, air, and grass. Apart from this, due to a lack of supply of
raw materials for human economic development, changes in the entire environmental process
and changes in climate and weather elements, the sky, and seasonal events are born.

As is currently happening due to human-caused climate change. Excessive
exploitation of biological resources and environmental unconsciousness has been mainly
responsible for the direct and indirect relation to the global problem of resource
utilization. Emphasis should be placed on sustainable development of natural resources
and adopting resource utilisation with a view to conserving future generations, which
will continue to provide long-term economic and environmental benefits from natural
resources. There are many types of inherent powers in nature that refine the elements of
the exposed environment and make it useful for living beings. But that happens only to
a certain extent. Natural: Changes in elements at many levels go beyond nature's ability
to adjust. It gives rise to adverse conditions for all living and non-living elements of the
earth. Therefore, it is necessary to carry out natural resource assessment and development
on the principles of agreements reached at the national and international levels. Because
the qualitative power of long-lasting resources (air and water) has been made unusable
by man by many types of chemical changes, and man has not yet taken adequate

consumption, technological development, and benefit from renewable resources.
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6.5 GLOSSARY

Natural Resource: Elements obtained free from Nature.

Appraisal: To know the availability, utilization, access and level of resource development.
Animate: which have various biological functions Such as Nutrition, respiration, movement
Re-Production etc.

Inanimate: objects that do not have life are called inanimate.

Dynamic School: According to this ideology, Natural Resources are fixed. Static school-
World Resources: Natural and Man power resources located in countries all over the world.
Non-Renewable Resource: Long lusting means that never expire

Iniquities: A Resources that is found only in rare places.

Unusable Resource: A Resource that has hat yet been used.

Mineral Resource: mineral which can be recycled like iron, gold, silver, manganese, zinc etc.

6.6 ANSWER TO THE CHECK YOUR PROGRESS

1.Natural resources are provided by nature free of charge for human welfare.

2. Is the creation of natural resources determined by nature and human intellectual knowledge?
3. Resources do not exist; they are created. This definition is given by Zimmerman?

4. According to the dynamic concept, are resources of a dynamic nature?

5. On the basis of ownership, are resources classified into the following types?

6. Community available resources are: agricultural land, soil, water, grassland, etc.

7. Are there latent resources that can be used a lot of the time?

8. Are human resources the best among all the resources of nature?

9. Major natural resources include air, water, soil, vegetation, minerals, and living beings.
Animal energy resources and humans?

10. Is natural resource appraisal based on the sustainability and development of resources?
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6.8 TERMINAL QUESTIONS:

Long-type questions.

1. Giving meaning and definition to natural resources Explain the process of natural resource
creation.

2. Explaining the concept of natural resources, classify the major natural resources.

3. Explain in detail the need for and development of resource appraisal.

Short-Type Questions

1. What are the natural resources?

2. What is the definition of a natural resource?

3. How do humans use natural resources?

4. What are the concepts of natural resources?

5. Classify natural resources on the basis of ownership.

6. Write a short note on major nature resources.

7. Classify natural resources on the basis of human use.

8: What are mineral resources? Describe the major minerals.

9. Why is natural resource appraisal required?
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10. How have humans developed natural resources?
Multiple choice questions.
1. Meaning of Natural Resources?

a) Manmade tools.

b) Resources Created by Nature

c) Resources created by man & Nature?

d) all of the above

2. Resources do not exist but are created. Whose statement is......... ?

a) Zimmerman

b) Hartson

c) Taylor

d) None of these

3. The Concepts of natural Resources are divided into how many parts?
a) 4

b) 3

c) 2

d) 5
4. How many Types are natural resources described on the basis at ownership?
a) 2

b) 4

c) 3

d) 6
5. How many types are natural resources described on the basis of distribution?
a) 4

b) 5

c) 6

d) 3

6. Example of cyclic resources?

a) lIron, Gold, Silver

b) Coal, petroleum. Salt

c) Solar, Thermal and wind energy

d) All of the above

7. The history of Civilization is the History of the soil and education of the Individual

begins from the soil. Whose statement, is it?

a) Zimmarman

b) Wilcox

c) Taylor

d) None of the above

8. In how much are of the world are forests found?

a) 10%

b) 12%
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c) 11%

d) 14%

9. Which of the following is a Non-metallic mineral?
a) Gold

b) Coal

c) Silver

d) Iron

10. How should resources be developed?

a) Based on Sustainable development

b) Based on need

c) On the basis of higher profits.

d) All of the above.

11. Why is the appraisal of Natural resources necessary?
a) For Short time use of resources.

b) For long time use of resources

¢) For maximum utilisation of resources

d) All of the above

Answer- 1.b,2.a,3.a,4.c,5.a,6.a,7.b,8¢c, 9.3 10.a ,11.a
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7.1 OBJECTIVES

. To know the global environmental status.

. To identify environmental hazards.

. Knowing the environmental health profile level.

. Impact assessment of environmental change on temperature.

7.2 INTRODUCTION

The general environment means the effective conditions of the natural environment

surrounding the organism. Which directly and indirectly affects all living beings? The life
cycle of an animal also depends on the environment. If the conditions or circumstances of the
environment are favourable for the organism, then human life there also begins to happen
through gradual adjustment and adaptation of the human being according to that environment,
and various types of cultural and economic activities start operating in relation to the local
environment. On the contrary, if the environmental conditions are not favourable for the living
organism, then it is not able to adjust itself to the environment of that place. The elements of
the environment are determined by action and reaction on the basis of the ecological sequence
in any part of the earth's surface, which contributes the most to human life because, compared
to other living beings, human needs are greater and the environment is greater. Uses and
consumes every aspect of. Therefore, its dependence on the local-level environment is

justified.

While the environmental level of a place determines the life cycle, on the other hand,
environmental hazards also arise in innumerable forms and keep affecting all living and non-
living things. Generally, environmental hazards are of two types: (1) natural environmental
hazards (2) Other man-made environmental hazards and natural hazards include earthquakes,
volcanoes, cloudbursts, meteorites, tsunamis, lightning strikes, landslides, hot and cold
currents, floods, droughts, tidal sea waves, and other man-made natural hazards. Deforestation,
industrialization, mining, current global warming, ozone depletion, epidemics, nuclear testing,
marine testing, etc. are mainly included in the threats arising from the natural environment, at
which time the wealth of the entire biosphere, animals, vegetation, topography, and atmospheric

conditions are harmed. While the possibilities of life are obtained from the elements of the
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environment, i.e., the environment, on the other hand, due to environmental threats, life starts

moving towards an end.

Environmental conditions affect our health and anatomy. Whatever is found around living
beings impacts the physical, mental, and social health of our lives. The World Health
Organisation (WHQO) 2016 has clarified environmental health as "all the external physical
environment of a person. There is a combined effect of all the relevant factors influencing
behaviour and attitudes.” The quality of the environment determines health. Just as a clean
environment plays a very important role in building healthy health, a polluted environment
gives rise to many types of physical disorders. Due to this, the lives of humans and other animals
are becoming more difficult, and their lifespan are becoming shorter because all the elements
of the environment play an important role in human health. Among the elements of the
environment on which human beings are 100% dependent, the most effective elements are
climate, temperature, rainfall, and soil, in the absence of which the lives of living beings are not
possible because climate plays a major role in the human body structure. On the other hand,
soil, which is called the mother of human civilization, It has the power to grow food and provide

sustenance to every living being.

Therefore, the role of climate and soil is considered more influential among the physical
elements, whose conservation is very important. Earth has been given the status of a green
planet because of the greater influence of atmospheric elements on human life and living beings
and because the Earth has the ability to give birth to life. Due to changes in environmental
elements, the number of environmental and health hazards is increasing day by day. For
example, according to the World Health Organisation (WHO), four out of every five people
suffer from respiratory, heart, deafness, blindness, headache, stress, insomnia, anxiety, cancer,
water-borne diseases, and long-term respiratory problems due to epidemics like Corona due to
environmental pollution. Has been suffering from the environment is an essential part of life;

hence, it is important to protect it for long-term life.

7.3 Environment Meaning and Definition

7.3.1. Environment Meaning and Definition

The word environment is made up of two words, around and covers. Around and cover
means “environment around organisms” that is, the environment that surrounds living beings
from all sides is called the environment, which is used by humans to increase their knowledge.
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And he keeps doing the work of moulding the force (natural elements and its powers) as per his
wish through new techniques. Generally, the sum of environment, vegetation, animals (all
living beings), and their related physical elements is called the environment of a particular
place, which determines the level of environment of that particular place. Every resource in the
environment has that latent potential, which is absolutely necessary for the survival of a living
being.

According to Fitting, "the sum of the ecological factors of an organism has been
described; that is, all the facts of the life situation together are called the environment.”

Tensely has analysed the elements of the environment in this way: “The entire combination of

effective conditions in which living organisms live is called the environment.

7.3.2. Environmental level:

Environmental level means the overall environmental condition, which takes into account the
geographical, biological, geological, and chemical conditions as well as the functioning of the
ecological system structure, which reflects the environmental level of a place. At the
environmental level, the environment is generally evaluated on the basis of the free environment
provided by nature and the qualitative and functional capacity of its elements, powers,

processes, and measures.

On the basis of the availability of elements of the environment, the concept of the life
of living beings is given concrete form in a particular place because all the powers to live life
in the environment are not available in one place, yet with the help of human artificial means,
the climate is changed. We have always been trying to make the elements suitable for us, like
the use of cold equipment in the climate of a hot region, agricultural production through
irrigation on dry land, the conversion of land into residential land by clearing forests, energy
through the mining of minerals, and the environment through industrial development. It adapts
the elements and changes the quality of the environment. The meaning is that it becomes useful
for humans. The level of the environment is mainly determined on the basis of three

characteristics.

(1) Modern concepts of environmental elements such as conservation of biodiversity and more

equitable use of sustainable resources for human use.

(2) Ability to change environmental components and the level of change, which is more

practical based on observation and self-learning.
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(3) Activities in daily life for environmental protection: The level of the environment reveals

human coordination with the natural world. This is included in the category of applied science.

Because the daily activities of animals depend on environmental conditions, Such as the
use of water for drinking and other purposes, the use of air for breathing, agricultural production
for food, vegetation and non-vegetarian food, and other life-related elements, the need for a life
cycle depends on the environmental elements and conditions. Virtues should be in accordance
with nature. Because our dependence on the environment is so high, we cannot survive in its
absence. Therefore, in Indian culture, the environment is given the status of a mother. If the
physical elements of the environment remain clean in terms of water, air, vegetation, animals,
humans, and culture, then the elements of a particular place on the earth's surface, which shows
a high environmental index, get polluted due to human activities. The environmental level is
called a low level. If a human being uses something that is no longer useful, then he suffers
from many types of diseases and also becomes the carrier of many diseases. But due to
excessive exploitation of environmental elements and resources in the last two centuries, the

quantity of natural resources is decreasing.

At the same time, there has been a qualitative change in the elements of natural
resources, for which technology, innovations, and urbanisation are mainly responsible. Apart
from this, advanced agricultural development, industrial development, and economic
development have brought the level of the environment to a low level. Industrial development,
knowledge, agriculture, and the excessive supply of resources, minerals, and fuel made to meet
the perishable needs of a consumer-oriented society are indicators of the degradation of
environmental elements. Apart from this, volcanic eruptions, earthquakes, forest fires, sea salt
particles, smoke, heat, and particulates And the gases emitted from biological substances—
S02, NO2, DDT, CO2, CO2, NH3, NO2, nitrogen oxide, ozone, sulphur dioxide, sulphuric

acid, hydrogen oil silica, and the amount of CFC elements—determine the environmental level.

Thus, the meaning of the environmental level in conclusion is that the level of the
environment is determined on the basis of the quantity and level of use of natural elements
found on the earth's surface. India's rank among the 70 countries included in the environmental
index is 24th, which means that decision-making is based on accountability and citizen

participation.
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7.3.3 Environmental hazards

It is necessary to have ecological balance for the elements of natural resources (animals,
plants, humans, and climate). If a large-scale imbalance occurs in the environmental elements,
it becomes a threat to the living resources of the earth's surface as well as the atmosphere and
hydrosphere. On November 7, 2017, India was ranked 77th in the Environmental Risk Report
of 171 countries released by the United Nations University for Environment and Human
Security (UNUEHS) in terms of environmental and human security. Environmental risks,
including pollution, heart disease, stroke, poisoning, and other environmental hazards, cause
24% of deaths worldwide every year. Among the environmental threats, the main challenges
are air, solid waste, water, soil, pollution, a lack of forest area conservation, biodiversity loss,
and human activities. Due to which changes in the stability of climate are giving rise to many
types of weather events, changes in air quality due to air pollution, forest destruction, species
rationalisation, soil erosion, landslides, floods, and cyclones have become major threats. Also,
many types of environmental threats are being seen in the 21st century. Every pressure, like the
development of invasive species, pollution, climate change, and new diseases, is coming in the
form of an environmental crisis. The main factors giving rise to environmental crises have been

mentioned in the following points.

1. Unreasonable exploitation of natural resources: overexploitation of
environmental resources for economic progress, especially non-renewable resources, due
to which they are on the way to extinction. On the other hand, due to the use of bio-fuels,
the climate cycle has started changing in many ways. Extreme weather events are
occurring. Events that used to happen occasionally are happening with increasing
frequency at irregular times, such as seismic events, volcanic eruptions, droughts, floods,
atmospheric storms, leakage of poisonous gases, ship oil spills, marine pollution, forest
fires, etc., which are mainly responsible. .

2. Pollution: With the development of civilization and economic progress, the amount of
environmental pollution in water, air, and soil is increasing. Due to this, many types of
incurable diseases are being born. 66.7 lakh people are dying every year due to pollution.
Due to excessive pollution, water is no longer potable for living beings. Due to a lack of
adequate water supply for about 85 billion people in the world, the third water world war

in the future has been predicted for a long time, which is posing a global threat to mankind.

UNIT 7 ENVIRONMENTAL STATUS AND HAZARDS Page 149 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

The biggest crisis is that, due to soil pollution reducing the fertility of the soil to zero, there
is a high possibility of food shortages and hunger crises increasing.

3. Population explosion: At present, the population of the world is increasing
unexpectedly, due to which the population, housing crisis, and expansion of slums are
increasing in the metropolitan cities. The crisis of nutritious food, air, water, and health is
increasing day by day, and the incidence of minor diseases is increasing. At a rapid pace,
the form of epidemic is becoming more prevalent in densely populated areas, the latest
example of which is that the spread of the Corona epidemic was seen more in densely
populated areas.

4. Forest destruction: Among the environmental threats, the biggest impact is due to
forest destruction because the forests on the earth's surface are the basis of life on the earth's
surface. Urbanisation, industrialization, and rapid expansion of agricultural land to feed the
population have become factors in forest destruction, which leads to various kinds of crises
(irregularity in the amount of rain, isolation, i.e., an increase in heat, landslides, drought,
and an increase in the number of hot and cold streams) and quantitative increases. This is
happening due to deforestation, where forests are cut down from an area of about 26 million
hectares every year.

5. Global Warming: The global temperature is increasing due to increasing pollution,
forest destruction, and an increase in bio-fuel use. From 1850 to the 19th century, the
Earth's temperature has increased by about 2 to 3 degrees Celsius, and the greenhouse effect
is also increasing regularly. Due to which there is a rise in sea level, submergence of land
areas, shrinkage of glaciers, flood crisis in low-lying plains, increase in desert, increase in
forest fires, increase in frequency of drought, increase in weather events, major
environmental crises like global warming are a threat to the entire biological world due to
which human, cultural, and natural elements of the environment are being degraded. In this
way, environmental threats occur due to the joint venture of both nature and man-made,
which man and nature become incapable of bearing. It becomes difficult for man to adjust
to these environmental trends, and man and the entire animal world are at risk. These
environmental hazards cause huge damage and are triggered by the process of extreme
events. “Current threats are the result of harmful physical activity caused by human
influence that causes damage to the biological world.” According to the United Nations
Commission on Climate Change (UNCHS), natural environmental hazards are damaging
events that have the potential to cause significant damage to human life and property in the

Himalayan region.
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7.3.4 Major environmental hazards— Major environmental hazards occurring on the

earth's surface are classified as follows:

1. Terrestrial environmental hazards: Terrestrial environmental hazards mainly

include hazards arising from the interior of the Earth.

1) Earthquake: An earthquake is the most destructive natural phenomenon among
environmental hazards and causes immense loss to the earth's land and biological
resources. Evaluating the risks involved is not only complex but also difficult. Major
earthquakes that have occurred in the past years, such as the 2010 Haiti, July 27, 1976,
China, December 26, 2004, Indonesia, and September 1, 1930, Japan earthquakes, have

been major natural hazards.

I1) Volcanic eruption: The second biggest crisis among environmental hazards is a
volcanic eruption. The area where this natural disaster occurs has been affected by this
problem for a long time. Volcanic events have occurred many times in the history of the
Earth, the main ones being Popocatepetl, Mexico, with 25 million people; Colima,
Tuatialba (Costa Rica); Glarus, Colombia; Navedo, 25,000; Cotopaxi, Ecuador; and
Ubinas Villarrica, famous volcanic events that have lost millions of people. Apart from
this, hundreds of volcanic incidents keep happening in different parts of the earth, in which
Deoband, Kohsultan, Fujiyama, Monolova, and the Hawaiian Islands are still examples of

natural disasters.

11i) Tsunami: A tsunami is an earthquake that occurs in the sea, due to which huge waves
of water come into the coastal area, which causes immense loss of life and property in the
coastal areas, and due to the filling of water in the lower part, it causes flooding. It is the
world's largest earthquake. A tsunami incident occurred in Japan on December 26, 2004 in
Indonesia, whose height was 1.5 kilometres, due to which 2 lakh people from 14 countries

were affected and 30 thousand also died.

Iv) Landslide: A landslide is a natural hazard that occurs in an area with a steep slope
as a result of instability in the earth's balance system or gravity, due to which stones and
rocky soil, i.e., mountains, slide down and fall and bring changes to the natural landscape.
Apart from this, landslides also occur due to earthquakes and human activities. On average,

13 lakh landslides occur every year in the world. Most of the deaths occur in Asia, Central
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and South America, the Caribbean, and the Gulf Islands of Southeast Asia, while in India
they occur in Assam, Himachal Pradesh, Jammu and Kashmir, Karnataka, Tamil Nadu,
Uttarakhand, and eastern states. In terms of the incidence of landslides, India is the third
most landslide-prone country in the world. Malpa and Kedarnath are examples of major

landslides.

(2) Atmospheric environmental hazards: Atmospheric natural environmental hazards
include those hazards that occur due to the atmosphere, which mainly include cyclones,

hurricanes, tornadoes, lightning, floods, droughts, cold and heat waves, meteorites, etc.

1) Cyclone: Cyclone is also a natural hazard that causes the death of houses, buildings,
and means of transport, electrical energy resources, natural vegetation, humans, and animals.
Generally, the high intensity of rain and wind causes massive damage to crops. Water logging
in low-lying areas increases the risk of floods and epidemics. Whereas communication and

transport systems get more affected by the cyclone.

1) Hurricane: A hurricane is a type of storm that is also called a cyclone and is
known by different names in different countries: a hurricane in the Western Pacific, a typhoon
in the North China Sea, a willy-willy in Australia, etc. A hurricane is a fast-moving wind that
causes immense harm to human and animal life, and apart from marine life, it also causes harm

to marine tourism.

Iii) Tornado: A tornado is the world's most intense cyclonic wind blowing in the
United States of America (U.S.A.), which is also known as Babander Alley. Which occurs
naturally more than 800 times a year, which brings with it intense rainfall along with severe

hailstorms.

IvV) Flood: Flood is also a natural phenomenon, but at present it is also being caused
by man-made factors, yet most of the floods occur due to the combination of natural factors.
Epidemics, mosquito outbreaks, drinking water shortages, food crises, and population crises
mainly occur in flood-affected areas, of which the Mississippi River floods of 1993 and 1926,
the floods of America, Assam, and Bihar states, and the flood of Kedarnath in 2013 are the

major examples.
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v) Drought: Drought is a natural hazard that occurs in a particular area due to less
than the prescribed amount of rainfall in a season or the ecological life cycle dependence of
success. As a result of drought, the effects of water scarcity, lack of moisture, and the loss of
life of natural vegetation start spreading rapidly in a particular area. Agricultural activities
cannot be carried out. Generally, areas with average rainfall less than 75 cm are included in the
drought-prone category. Due to this, problems like an increase in poverty, a food crisis, the

depletion of groundwater, crop destruction, etc. arise.

vi) Cold and hot winds: Due to the effects of climate change and the rotational
position of the Earth, sometimes cold and hot winds occur. Cold and heat waves are seasonal
natural disasters that involve cold and hot winds over a large area. In areas where cold winds
blow, the average temperature becomes negative, whereas in areas where hot winds blow, the

average temperature increases significantly. Which affects people’s lives?

7.3.5. Environmental health status: The level of human health is determined by the
environmental elements located in different parts of the earth. The state of physical, mental,
social, and economic development of a human being is determined according to the
environmental elements. All life activities are conducted according to the environmental
conditions. The impact of the environment on health is seen in such a way that it is caused by
the quantity and availability of breathing, drinking water, providing food, and all the natural
elements and resources that fulfil the needs of human beings in their daily activities. "Human
health is a state of complete physical, mental, and social well-being and is not only the absence
of disease and infirmity; the environment also affects the human internal organs, including
physical, immune, hormonal balance, and innate characteristics. The same external effects
include health threats that may be caused by infectious diseases or internal diseases such as
autoimmune diseases. Which are affected to a great extent by the environment? Natural
elements in the form of physical threats (radioactive, ultra violet rays, global warming,
chlorofluorocarbons, earthquakes, volcanoes, landslides, and biological threats in the form of
bacteria, viruses, parasites, and environmental conditions) develop according to conditions and

affect human health.

All the natural qualities of a human being, like birth, growth, health, death, etc. are
somehow affected, controlled, and influenced by the natural environment. Man has today
become capable of changing the natural environment on a large scale and making it favourable

to him to some extent. Many types of activities keep the environment and carrying capacity of
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the environment favourable for humans and provide many types of health benefits. But when
human intervention pollutes more than the capacity of the environment, it starts becoming
painful for humans, just as the current human-caused climate change becomes a crisis for
humans due to many types of weather events (cloud bursts, droughts, floods, heat waves, etc.)
and is weakening human health due to cold waves, storms, temperature rise, etc. In which
humans' technological development has become its root cause. For his advanced technological
development and selfishness, man has affected the natural environment on a large scale, due to
which the existence of man himself is in danger, whereas in our culture, since prehistoric times,
man has been concerned about the environment. Relations have been friendly, but human
knowledge has now transformed them into hostile behaviour, due to which both environmental
and human healths are deteriorating.

The impact of the environment on health can be explained mainly by the following points:
i) Availability of natural resources.
ii) Regional equality in natural resources.
iii) Natural elements being useful for human life.
iv) Friendly behaviour of humans towards the environment.
v) Sustainable development of environmental adjustment.
vi) To maintain environmental quality and ecological balance.

In this way, the evaluation of the level of the environment is like a cage in determining
the level of human health. Just as a cage surrounds an organism, in the same way, the
environment also surrounds a human being and determines his physical development and every
aspect. By influencing, it gives a special identity to the human health and structure of a
particular place. If the elements of the environment are favourable to human health, then
humans are strong, and on the contrary, they are weak. The structure of their bodies is also
different, like the physical differences between the inhabitants of cold and hot regions, which

are most related to environmental conditions and health levels. Presents very direct evidence.
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7.3.5 Environmental physical elements (Temperature, Soil)

The physical elements of the environment include topography, climate, temperature,
rainfall, soil, water, air, vegetation, animals, humans, etc. These physical elements determine
and limit not only human life but also the entire ecosystem of the Earth. All physical elements
are related to humans, which determine human economic activities, human settlements, and
human cultures. Among the physical elements, temperature and soil have been analysed here at

a microscopic level.

1) Temperature: Temperature is a physical phenomenon that expresses the amount of
heat and cold. All these substances reveal the thermal energy present in living and non-living
things. Normal temperature means atmospheric temperature, whose main source is the sun.
Energy obtained from the effect of temperature on the earth is carried out through conduction,
convection, and radiation from the earth. Temperature is calculated as an average on the basis
of daily, monthly, and yearly periods. The highest temperature of the earth's surface is recorded
at 2 to 4 o'clock in the day, and the lowest temperature is recorded at 4 to 5 in the morning.
Amount/distribution of temperature: The existence of different types of climatic regions,
vegetation, animals, humans, etc. on the earth basically depends on temperature. The

distribution of temperature on the surface is studied on a regional basis.

The amount of temperature depends on latitude, height above sea level, distance from
the sea, nature of land and water, structure of the surface, and flowing ocean currents.
Temperature is generally used for heating objects and all activities of daily life. It plays a very
important role in running it. Just as air and water are essential for life, temperature is also
important for physical activities, in the absence of which the lives of all living beings are in
danger. Where the life chances are reduced due to excess temperature, in the case of a decrease,
the cold desert areas are also devoid of snow-covered areas, flora, and fauna. The reason for
this is that the temperature is not normal; thus, the average temperature for life is around 10-40
degrees Celsius. In which the life of all types of animals and plants is possible. The average
temperature of the human body itself is 98 degrees Celsius, which he gets from the sun's heat
and his own body. In the absence of temperature, the success and productivity of life for the

creatures living on earth and all their daily needs cannot be imagined.

I1) Soil: Soil is a major physical element among the major elements of the environment.

The development of man and his cultural civilization is inspired by soil. That hidden power of
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soil, which gives birth to a seed, develops it, and provides complete nutrition to it, gives it the
form of a special natural and physical resource. Soil is formed by the weathering of rocks and
organised earth material. Soil contains a mixture of animals, organic matter, and minerals. The
process of soil formation is the result of the totality of elements like climate, biological
elements, relief, bedrock, ground material, time, etc. Soil is deposited on the surface in the form
of different horizontal levels. Which provides nutrients directly and indirectly to all the
organisms in the biosphere? In which the movement of biological components continues
through cycling and recycling. The soil layer is represented by the soil profile, in which the
characteristics of the physical, chemical, and biological composition of the soil are found. The
uppermost layer (ABC) is located in the form of minerals, and (D) is located in the form of base
rock. On this basis, under the CSCS scheme, all the soils in the world have been divided into

ten (10) classes.

The main characteristics of soil as a physical element have been explained by the following

points:

1. Function of medium in the transfer of nutrients between organisms in the soil biosphere
does it.

2. The soil provides habitat for different species of plants and animals.

3. Soil decomposes and disintegrates various types of organic and inorganic elements and
transforms them into various elements.

4. Soil assimilates all the physical and chemical properties for agricultural development.

5. Soil provides a useful cover and protection for rainwater exploitation and maintaining
underground water levels.

6. Once the soil element is destroyed, it is difficult to compensate.

7.4 SUMMARY

The environment is the natural force found around normal living beings. Which is
provided free of charge to living beings by nature. The environmental level is determined by
the composition, mutual relations, and interactions of the organism and its surrounding
environment. We get the level of the environment in its pure form in natural form, but humans
use it to fulfil their infinite materialistic needs. By making physical and chemical changes in
the natural form, it is making it unfavourable for the living world and the self. Due to which the

environment and living standards of living beings are moving towards decline. Due to changes
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in environmental elements, many types of problems have arisen in the form of natural and man-
made elements, due to which rapid changes in climatic and living conditions and negative
growth in the direction of life measurement and also in life span and age are being recorded,
due to which many types of diseases are being born and the life cycle of living beings is ending
before the scheduled time because the natural environment gives birth to all conditions and

provides protective cover for living beings and humans.

If a human being develops a friendly relationship with the elements of the environment
and makes it favourable to him, then he achieves a better life than an unfavourable and human-
polluted environment. Changes in the elements of the environment due to human intervention
lead to many types of threats, like depletion of natural resources, pollution, change in the basic
nature of physical elements (water, air, soil), population explosion, forest destruction, global
warming, climate change, etc., which are indicators of crisis or danger. Along with this,
terrestrial hazards (earthquakes, volcanoes, tsunamis, landslides), atmospheric hazards
(cyclones, tornadoes, lightning, floods, droughts, cold and hot winds, and meteorites) are
increasing day by day, and health and economic activities are increasing day by day. Due to the
crisis in economic development, there is a possibility of a population explosion due to a lack of
food, a balanced diet, and shelter for the huge population of the world. Due to changes in
environmental elements, changes in health-related elements also increase the increase in
malnutrition. Due to this, the possibility of the human development index also reaching a low

level seems to be becoming stronger.

The usefulness of environmental physical elements for humans and organisms ranges
from human breathing to meeting all the needs of food. The physical elements like climate, soil,
vegetation, and animals are involved in the same way as every part of the body is involved in
physical development. Just as one part of the body makes the whole body disabled, in the same
way, the physical elements of the environment are involved in physical development.
Deficiency causes disability for the creatures of the entire biosphere; thus, protection and

conservation of environmental elements are very important for long life.

7.5 GLOSSARY

Environment: Natural covering found around living organism
Ecological Sequence: Changes in species of organisms over long periods of time.

Environmental status:level of human use of the environment.
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Hazard: Ecosystem extreme natural events.

Manmade Hazard: Crises Caused by Human Activities

Natural Hazard: Crises caused by Natural forces.

Cold Waves: Cold winds blowing in a particular place

Drought: Having less rainfall than normal is called happiness.
Environmental: Level of atmosphere found around humans the long-term
Health Status: Stability of weather element & in called Climate
Physical Elements: Water, air, soil, natural plants, and animals.
Environmental evaluation: Assessment of environmental quality
Biodiversity: Differences found in animals and plants.

Life Cycle: Way of life of animals.

CFCS: The gas that damages the ozone layer

Land slide: Downward slope of land in sloping areas
Temperature: Daily temperature of a Particular Place

7.6 ANSWERS TO THE CHECK YOUR PROGRESS

1. The natural cover found in living organisms is called the environment.

2. The word environment is derived from the French word.

3. Environmental hazards are traumatic phenomena that cause harm to all things, including
humans.

4. Major natural hazards are earthquakes, volcanoes, floods, cyclones, climate change, etc.

5. Humans have further activated natural hazards through natural resource exploitation,
population explosions, and deforestation.

6 The increasing temperature of the earth due to excessive use of biofuel is called global
warming.

7.Atmospheric hazards include cyclones, hurricanes, and tornadoes.

8. Human health is determined by the environmental elements found in different places.

9. Environment Physical elements include waves, air, soil, vegetation, and animals.

10. According to the Comprehensive Classification System of 1975, the soils in the world are

divided into ten parts.
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7.8 TERMINAL QUESTION'S

Long Questions

1. Giving meaning and definition to the environment. Explain the environmental status.

2. What do you understand by environmental hazards? Explain the major  environmental
hazards with examples while explaining the factors affecting environmental hazards.

3. What do you understand by environmental health status? Explain in detail the major
environmental physical elements: temperature and saline.

Short Questions

1. Explain the meaning and definition of environments?

2. What do you understand by environmental status?

3. On the basis of which characteristics the tutus of the environment is mainly determined?

4. What are the main elements of environmental degradation?

5. What is meant by environmental hazard?

6. What are the terrestrial environmental threats?

7. What do you understand by flood?

8. How is environmental health status assessed?

9. What is temperature and how is it useful for life?

10. What is soil and how is it formed?
Multiple Choice Questions.

1. What is the meaning of environment?
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a) Atmospheric environment

b) The natural environment around us

c) Man made environment

d) Nome of the above.

2. From which language is the word environment derived?
a) English

b) Hindi

c) French

d) Japanese

3. Which of the following is not a natural hazard?
a) Earthquake

b) Volcanoes

c) Drought

d) Nuclear test

4. What is India's rank in natural disaster risk?

a) 75th

b) 76th

c) 77th

d) 78th

5. What is global warming?

a) Increase in human temperature.

b) Increase in ocean temperature.

c) Increase in earth temperature.

d) Increase in forest temperature.

6. Is there no atmospheric environmental hazard?
a) Cyclones

b) Tornado é

c) Hurricane

d) Floods

7. Environmental health status is the Point of measurement?
a) Number of natural resources.

b) Human utility level of natural resources

¢) Both of the above

d) None, of the above
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8. Elements of the Physical Environment are:

a) Air

b) Water

c) Plant

d) All of the above

9. When does the Earth's surface have the highest temperature?

a) 00 to 4.00 pm

b) 00to 4:00 am

c) Oto2.0am.

d) 0to 2.0 p.m.

10. In how many parts has the world's soil been divided under the CSCS Scheme?
a) 11

b) 12

c) 10

d) 15

Answer: 1.b, 2.¢, 3.d, 4.c, 5.¢ 6.d 7.c, 8.d, 9.b 10.c
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UNIT 8: HUMAN HABITAT OF THE WATERSHED;
IMPACT OF ENVIRONMENTAL AND
ANTHROPOGENIC INTERFERENCES ON THE
STATUS AND QUALITY OF THE WATERSHED
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8.1 OBJECTIVES

e Learner will be able to define and explain the concept of a watershed and its
significance as a crucial ecological unit. Objective

e Learner will understand the dynamics of human habitat within watersheds, including
the dependency on natural resources and ecosystem services.

e Learner will analyze the impact of environmental interferences, such as pollution and
habitat degradation, on the water quality and biodiversity of watersheds.

e Learner will evaluate the consequences of anthropogenic activities, such as
urbanization, deforestation, and industrialization, on the natural hydrological processes
and ecological balance of watersheds.

e Learner will identify and assess the various strategies and approaches for mitigating the

adverse impacts of environmental and anthropogenic interferences on watersheds.

8.2 INTRODUCTION

A watershed is not just a geographical region; it is a dynamic environment that both sustains
and is impacted by the human habitat within its boundaries. This comprehensive exploration
delves into the concept of the human habitat of the watershed, emphasizing the multifaceted
impact of environmental and anthropogenic interferences on the status and quality of the

watershed.

8.3 THE HABITAT OF THE WATERSHED

A habitat refers to the natural environment or surroundings where a particular organism or
species lives and thrives. It encompasses the physical and biological factors that provide
suitable conditions for the existence and survival of organisms, including shelter, food, water,
and other resources. Habitats can vary widely in size, ranging from small microhabitats, such
as the underside of a rock, to large ecosystems, like a forest or a coral reef. Each habitat has
unique characteristics and supports diverse communities of plants, animals, and
microorganisms adapted to its specific conditions. Understanding habitats is essential for
conservation efforts, as changes to habitat quality or availability can significantly impact

species populations and biodiversity.

Defining the Human Habitat
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A human habitat refers to the physical environment where humans live, work, and engage in
various activities. It encompasses the spaces and places that we inhabit and shape for our
purposes. The concept of a human habitat is central to the study of human geography and
environmental science, as it reflects our interaction with the natural world and the built
environment. Understanding the dynamics of human habitats is essential for addressing various
social, economic, and environmental challenges. Here are the key components and aspects of

a human habitat.

Population and Settlements: The human habitat of a watershed comprises human populations

and the settlements they establish, including cities, towns, and rural communities.

Infrastructure: Infrastructure such as roads, bridges, dams, and buildings play a crucial role

in shaping the human habitat.

Economic Activities: Human habitat involves various economic activities like agriculture,

industry, and commerce that are essential for livelihoods.

The human habitat within a watershed refers to the areas where human populations live, work,

and engage in various activities.

These areas can include towns, cities, agricultural lands, industrial zones, and recreational

spaces.
Relationship with the Watershed:

Dependence on Water: Human habitat relies on water from the watershed for drinking,

sanitation, agriculture, and industry.

Ecological Interdependence: The human habitat and the natural ecosystem within the

watershed are interconnected, with each affecting the other.
Ecosystem Services:

Watersheds provide critical ecosystem services to human populations, such as freshwater

supply, food production, and recreational opportunities.
Healthy watersheds are essential for sustaining human life and supporting economic activities.
Challenges and Opportunities:

The interaction between human activities and the natural environment within watersheds

presents both challenges and opportunities.
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Challenges include water pollution, habitat degradation, and the potential for natural disasters

like floods and droughts.

Opportunities lie in sustainable land use practices, conservation efforts, and the restoration of

degraded ecosystems.

Impact of Environmental and Anthropogenic Interferences on the Status and Quality of

the Watershed

This section delves into the various environmental and human-induced interferences that affect
the condition and quality of watersheds. It emphasizes the need for responsible stewardship to

maintain the health of these vital ecosystems.

Environmental interferences refer to various factors and activities that disrupt the natural
balance and functioning of ecosystems and the environment. These interferences can be natural
or human-induced and have the potential to negatively impact ecosystems, biodiversity, and
overall environmental health. Key examples of environmental interferences include pollution,
deforestation, climate change, habitat destruction, and invasive species. These interferences
can lead to habitat degradation, ecosystem disruption, and a range of environmental problems.
Understanding and mitigating environmental interferences are essential for environmental

conservation and sustainable management of natural resources.

Environmental interferences in a watershed refer to the disruptions and alterations that occur
in the natural balance of this critical ecosystem due to various factors, both natural and human-
induced. These interferences can have significant impacts on the quality, health, and

sustainability of the watershed. Here's a brief overview of the key points:
Environmental Interferences:

1. Pollution: Pollution can have significant interferences on the quality and status of
watersheds, which are the areas of land that drain into a common body of water, such as a river,
lake, or ocean. Watersheds are essential for the supply of clean water, biodiversity, and the
overall health of the environment. Here are some of the key interferences of pollution on

watersheds:

Water Quality Degradation: Contaminants like industrial chemicals, agricultural runoff,
sewage, and sedimentation can enter watersheds and directly degrade water quality. This can

harm aquatic life and make water unsafe for human use.
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Habitat Destruction: Pollution can lead to the destruction of aquatic habitats, such as wetlands
and streams, which are essential for many species. Loss of habitat can disrupt the natural

balance of ecosystems and lead to a decline in biodiversity.

Harm to Aquatic Life: Chemical pollutants, such as heavy metals and toxins, can harm fish,
insects, and other aquatic organisms. These pollutants can disrupt food chains and reduce the

overall health and diversity of aquatic ecosystems.

Algal Blooms: Nutrient pollution, often from agricultural runoff, can lead to excessive nutrient
levels in water bodies. This can trigger harmful algal blooms that produce toxins, harm aquatic

life, and further degrade water quality.

Eutrophication: Excess nutrients in water bodies can lead to eutrophication, a process where
the water becomes enriched with nutrients like nitrogen and phosphorus. This can result in

oxygen depletion, fish kills, and the deterioration of the aquatic ecosystem.

Sedimentation: Erosion caused by land development, deforestation, or agricultural practices
can lead to increased sedimentation in watersheds. Sediment can clog waterways, reduce light

penetration, and harm aquatic habitats.

Pathogen Contamination: Pollution from sewage and other sources can introduce harmful
pathogens like bacteria and viruses into watersheds, posing health risks to both humans and

aquatic life.

Thermal Pollution: Discharge of heated water from industrial processes or power plants can
raise the temperature of water bodies in a watershed, which can negatively affect aquatic

ecosystems by reducing the dissolved oxygen levels and altering the distribution of species.

Long-Term Effects: Some pollutants can have long-lasting effects on watersheds, persisting
in the environment for years. For example, certain chemicals and heavy metals can accumulate

in sediments and continue to leach into the water over time.

Impact on Human Communities: Pollution in watersheds can have direct impacts on the
availability of clean drinking water, which can affect the health and well-being of local
communities. Additionally, pollution can harm the recreational and economic value of water

bodies, such as fishing and tourism.

To protect and restore watersheds, it is essential to reduce pollution sources, implement

effective land use and water management practices, and promote conservation efforts.
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Legislation and regulations, such as the Clean Water Act in the United States, are often put in
place to address and mitigate pollution in watersheds and promote sustainable watershed

management.

2.Habitat Destruction: Urbanization, deforestation, and land development can lead to habitat

destruction and fragmentation, affecting the wildlife and plant species within the watershed.
Loss of natural habitats can also exacerbate flooding and erosion.

Habitat destruction can have significant and far-reaching interferences on the quality and status
of watersheds. Watersheds are vital ecological systems responsible for collecting, storing, and
transporting water, as well as supporting a wide range of aquatic and terrestrial life. When these
habitats are disrupted or destroyed, it can lead to various negative impacts on the watershed.

Here are some of the key interferences:
Water Quality Degradation:

Loss of natural vegetation and wetlands can result in increased sediment runoff and erosion,

which can lead to higher turbidity in the water, reducing water quality.

Habitat destruction can increase the input of pollutants, such as pesticides, fertilizers, and
chemicals from urban and agricultural areas, into the watershed, further compromising water

quality.
Increased Flooding:

Destruction of natural floodplains, wetlands, and forests can reduce the watershed's ability to

absorb and store excess water during heavy rainfall, leading to increased flooding downstream.
Erosion and Sedimentation:

Habitat destruction disrupts the root systems of plants that help bind soil, leading to increased

erosion and sedimentation in rivers and streams.

Sediment buildup can impact aquatic habitats, disrupt spawning grounds, and reduce water

clarity, which affects aquatic life and recreational activities.
Altered Hydrological Cycle:

Removal of vegetation can disrupt the local hydrological cycle by reducing the interception of
rainfall, groundwater recharge, and transpiration. This can lead to altered streamflow patterns

and reduced base flow during dry periods.
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Loss of Biodiversity:

Habitat destruction can result in the loss of critical habitats for various species, both aquatic

and terrestrial, leading to a decline in biodiversity.

Reduced habitat availability can result in the displacement or extinction of species that depend

on the watershed for their survival.
Disruption of Ecosystem Services:

Watersheds provide various ecosystem services, including water purification, nutrient cycling,
and flood control. Habitat destruction can disrupt these services, leading to increased costs for

water treatment, more frequent flooding, and reduced natural water filtration.
Habitat Fragmentation:

When habitat is fragmented due to development, it can lead to isolated pockets of ecosystems,
making it difficult for species to migrate and adapt to changing conditions. This can reduce

genetic diversity and resilience.
Loss of Riparian Zones:

Riparian zones are critical for the health of watersheds, as they act as transition areas between
terrestrial and aquatic environments. Habitat destruction in these areas can result in the loss of

vital buffer zones that help filter pollutants and stabilize banks.
Increased Invasive Species:

Habitat disturbance can create opportunities for invasive species to colonize and dominate

altered ecosystems, further threatening native species and disrupting ecological balances.

To mitigate the interferences of habitat destruction on watersheds, conservation efforts, land-
use planning, and restoration initiatives are essential. Protecting and restoring natural habitats,
implementing responsible land management practices, and enforcing environmental
regulations can help safeguard the quality and status of watersheds for both human and

ecological well-being.
3. Climate Change:

Climate change can alter precipitation patterns and temperatures within watersheds, leading to

increased risks of droughts, floods, and shifts in ecosystems.
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Changes in temperature can also affect the timing of snowmelt and the availability of

freshwater resources.

Climate change can have significant impacts on the quality and status of watersheds, which are
critical components of the Earth's hydrological cycle. Watersheds are areas of land that drain
into a common water body, such as a river, lake, or ocean. Here are some of the key ways in

which climate change can affect watersheds:

Altered Precipitation Patterns: Climate change can lead to shifts in precipitation patterns,
including changes in the timing, intensity, and distribution of rainfall and snowfall. This can
affect the volume and timing of water flowing through watersheds, leading to increased

flooding during intense rainfall events and reduced water availability during dry periods.

Increased Temperature: Rising global temperatures can lead to increased evaporation and
higher water temperatures in watersheds. Elevated water temperatures can harm aquatic
ecosystems by reducing oxygen levels and increasing the susceptibility of aquatic life to

diseases and pollutants.

Changes in Snowmelt Timing: In regions with seasonal snow cover, climate change can alter
the timing of snowmelt, leading to earlier snowmelt and runoff. This can affect the availability
of water downstream, disrupt ecosystems that rely on seasonal meltwater, and increase the risk

of spring flooding.

Sea-Level Rise: Coastal watersheds are particularly vulnerable to the effects of climate change,
including sea-level rise. Rising sea levels can increase the salinity of estuaries and coastal

aquifers, impacting freshwater resources and ecosystems in these areas.

Increased Extreme Events: Climate change is associated with an increase in the frequency
and intensity of extreme weather events, such as hurricanes, storms, and droughts. These events
can have devastating effects on watersheds, leading to erosion, sedimentation, and water

quality degradation.

Altered Water Quality: Changes in temperature and precipitation patterns can impact the
chemical composition of water in watersheds. Warmer water temperatures can promote the
growth of harmful algal blooms, while altered precipitation can lead to increased runoff of

pollutants from urban and agricultural areas, degrading water quality.
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Habitat Disruption: Climate change can disrupt the habitats of plants and animals in
watersheds. Species that are unable to adapt or migrate to new areas may be at risk of
population declines or extinction, which can further disrupt the balance of ecosystems in

watersheds.

Increased Water Stress: In many regions, climate change can lead to increased water stress
due to prolonged droughts and reduced snowpack. This can have direct impacts on water supply
for agriculture, industry, and domestic use, as well as on the health of ecosystems within the

watershed.

Infrastructure Vulnerability: Climate change can also make water-related infrastructure,
such as dams, levees, and water treatment plants, more vulnerable to extreme events. This can
result in failures and costly repairs, further exacerbating the challenges in managing

watersheds.

Addressing the impacts of climate change on watersheds requires comprehensive watershed
management strategies, such as improved land use planning, sustainable water resource
management, and the development of adaptive measures to cope with changing conditions. It
also necessitates global efforts to reduce greenhouse gas emissions and mitigate climate change

to help minimize these adverse effects.
2. Anthropogenic Interferences:

Anthropogenic interferences have a profound impact on the status and quality of watersheds,
leading to significant alterations in hydrological processes, ecosystem dynamics, and overall
watershed health. Activities such as urbanization, deforestation, agricultural expansion, and
industrial development can result in habitat destruction, pollution, soil erosion, and alterations
in water flow patterns. Urbanization, for example, increases impervious surfaces such as roads
and buildings, which disrupt natural infiltration and runoff processes, leading to increased
flooding and erosion. Deforestation removes critical vegetation cover, reducing soil stability
and increasing sedimentation in water bodies. Agricultural practices such as irrigation,
pesticide and fertilizer use, and land clearing can degrade water quality through runoff of
sediment, nutrients, and chemical contaminants into streams and rivers. Industrial activities
introduce pollutants such as heavy metals, chemicals, and wastewater into waterways, further
compromising water quality and ecosystem health. These anthropogenic interferences not only

degrade the physical and chemical characteristics of watersheds but also disrupt the ecological
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balance, leading to declines in biodiversity and ecosystem services. Effective watershed
management strategies are crucial to mitigate the impacts of anthropogenic activities and

ensure the sustainable use and conservation of watershed resources for future generations.

Here's a detailed exploration of the impact of anthropogenic interferences on watershed status

and quality:

Alteration of Land Use and Land Cover: Human activities such as urbanization,
deforestation, agriculture, and infrastructure development often result in significant alterations
to land use and land cover within watersheds. Urbanization leads to the conversion of natural
landscapes into impervious surfaces like roads, buildings, and parking lots, which disrupts
natural hydrological processes, increases surface runoff, and exacerbates flooding.
Deforestation, primarily for agricultural expansion and timber extraction, removes critical
vegetation cover, leading to soil erosion, sedimentation of water bodies, loss of biodiversity,
and degradation of ecosystem services. Agricultural practices such as intensive farming,
irrigation, and pesticide use can further degrade soil quality, contribute to nutrient runoff, and

pollute surface and groundwater sources.

Water Pollution and Contamination: Anthropogenic activities, including industrial
discharge, mining, improper waste disposal, and urban runoff, introduce pollutants such as
heavy metals, chemicals, nutrients, and pathogens into watersheds, contaminating surface
water and groundwater sources. Industrial effluents and runoft from urban areas often contain
toxic substances and pollutants that degrade water quality, harm aquatic life, and pose risks to
human health. Agricultural runoff, carrying fertilizers, pesticides, and animal waste, contributes
to eutrophication, algal blooms, and oxygen depletion in water bodies, leading to aquatic

habitat degradation and fish kills.

Alteration of Hydrological Processes: Anthropogenic interferences can disrupt natural
hydrological processes within watersheds, leading to changes in water quantity, timing, and
distribution. Deforestation and urbanization reduce infiltration and increase surface runoff,
altering streamflow patterns, increasing peak flows, and exacerbating erosion and
sedimentation. Dam construction and water diversions for irrigation and urban water supply
purposes can modify streamflow regimes, fragment habitats, and disrupt the natural flow of
sediment and nutrients, affecting downstream ecosystems and aquatic biodiversity. Climate

change-induced alterations in precipitation patterns and temperature regimes further exacerbate
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hydrological changes within watersheds, leading to increased frequency and intensity of

extreme weather events such as floods and droughts.

Loss of Biodiversity and Habitat Degradation: Anthropogenic activities contribute to habitat
loss, fragmentation, and degradation within watersheds, resulting in declines in biodiversity
and ecosystem health. Deforestation, urban expansion, and agricultural intensification
encroach upon natural habitats, reducing available habitat for native species and disrupting
ecological processes. Loss of riparian vegetation along streams and rivers leads to increased
bank erosion, sedimentation, and loss of habitat complexity for aquatic organisms.
Fragmentation of habitats due to infrastructure development and land use changes further
isolates populations, restricts movement, and reduces genetic connectivity, increasing the

vulnerability of species to extinction and ecological disturbances.

Social and Economic Impacts: Anthropogenic interferences can have significant social and
economic consequences for communities dependent on watershed resources. Degradation of
water quality and availability can threaten public health, impair drinking water supplies, and
undermine recreational and cultural activities reliant on clean waterways. Floods, landslides,
and other hydrological disturbances resulting from anthropogenic activities can damage
infrastructure, disrupt transportation networks, and cause economic losses for local economies.
Loss of ecosystem services provided by watersheds, such as water purification, flood
regulation, and habitat provision, can reduce resilience to environmental change, exacerbate

poverty, and undermine sustainable development efforts.
Mitigation and Responsible Stewardship:
A. Sustainable Land Use:

Implementing sustainable land use practices, including reforestation, green infrastructure in
urban areas, and responsible agricultural techniques, can mitigate the adverse impacts of

environmental interferences.
B. Pollution Control:

Effective management of pollution sources, such as industrial discharges and urban runoff, is

critical for maintaining water quality.

C. Water Resource Management:
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Equitable water resource management ensures sufficient freshwater availability for both

ecosystems and human needs.

8.4 SUMMARY

The watershed is a crucial ecological unit that encompasses interconnected ecosystems,
supporting various forms of life, including humans. Understanding the dynamics of human
habitat within the watershed and the impacts of environmental and anthropogenic interferences

is essential for sustainable management and conservation efforts.

The human habitat within the watershed is intricately linked to its natural resources, such as
water, soil, and biodiversity. Communities residing in watershed areas often depend on these
resources for their livelihoods, agriculture, and sustenance. However, rapid urbanization,
deforestation, industrialization, and agricultural practices have significantly altered the

landscape and ecosystem services provided by watersheds.

Environmental interferences, such as pollution from industrial effluents, agricultural runoff,
and urban waste, pose a significant threat to water quality and biodiversity within the
watershed. Contamination of water bodies, soil erosion, and loss of habitat have detrimental
effects on aquatic and terrestrial species, ultimately impacting the overall health of the

ecosystem.

Anthropogenic activities also disrupt natural hydrological processes, leading to issues like
altered flow regimes, flooding, and water scarcity. Deforestation and land-use changes
exacerbate these problems by reducing the watershed's ability to regulate water flow and

maintain ecological balance.

To mitigate the adverse impacts of environmental and anthropogenic interferences on
watersheds, holistic management approaches are necessary. This includes implementing
sustainable land-use practices, promoting reforestation and habitat restoration, enhancing water

quality monitoring and management, and fostering community engagement and education.

8.5 GLOSSARY

Land use and Land Cover: Land use refers to the human activities and purposes for which

land is utilized, such as residential, agricultural, commercial, industrial, or recreational
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purposes. Land cover refers to the physical coverage of the land's surface by various natural or

artificial features, including vegetation, water bodies, bare soil, or built-up structures.

Infrastructure: Infrastructure refers to the basic physical and organizational structures and
facilities needed for the operation of a society or enterprise, including transportation,

communication, utilities, and buildings.

Anthropogenic: Anthropogenic refers to processes, effects, or materials that are derived from

human activities or originate from human influence on the environment.

Ecosystem services: Ecosystem services are the benefits that humans derive from ecosystems,
including provisioning (such as food and water), regulating (such as climate regulation),
supporting (such as nutrient cycles), and cultural services (such as recreation and aesthetic

enjoyment).

Settlements: Settlements refer to places where people establish residences and engage in

various economic, social, and cultural activities.

8.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you know that Anthropogenic refers to processes, effects, or materials that are derived

from human activities or originate from human influence on the environment.

2. Do you know that Riparian zones are critical for the health of watersheds, as they act as
transition areas between terrestrial and aquatic environments. Habitat destruction in these areas

can result in the loss of vital buffer zones that help filter pollutants and stabilize banks.
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8.8 TERMINAL QUESTIONS

Long Questions
1. What do you mean by human habitat in the watershed? Describe it in 600 words.
2. Impact of environmental interferences on the status and quality of the watershed. Explain it.

3. Impact of anthropogenic interferences on the status and quality of the watershed. Explain it.

Short Questions

1. What is watershed

2.What is Habitat?

3. What do you mean by human habitat?

4. Explain the climate change in 200 words.

5.What do you mean by pollution?

Multiple Choice Questions

1. What is the primary concern regarding the impact of environmental and anthropogenic
interferences on watersheds?

a) Decreased biodiversity

b) Increased soil fertility

c¢) Impaired status and quality of the watershed

d) Enhanced water availability

2. How do environmental factors contribute to watershed degradation?
a) By promoting sustainable land management practices

b) By reducing pollution levels

c¢) By exacerbating erosion and sedimentation

d) By increasing groundwater recharge rates
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3. What are examples of anthropogenic interferences affecting watershed quality?
a) Afforestation projects

b) Wetland conservation efforts

¢) Industrial pollution and urbanization

d) Protected area designation

4. How does deforestation impact watershed health?

a) It improves soil stability and reduces erosion

b) It enhances groundwater recharge rates

¢) It increases sedimentation and impairs water quality

d) It promotes biodiversity and ecosystem resilience

5. Which of the following is NOT a consequence of agricultural runoft in watersheds?
a) Eutrophication

b) Soil erosion

¢) Increased biodiversity

d) Pesticide contamination

6. What role does urbanization play in watershed degradation?

a) It reduces impervious surfaces and decreases runoft

b) It increases pollution through stormwater runoff and sewage discharge

¢) It enhances natural habitat corridors for wildlife

d) It promotes sustainable water management practices

7. What is one potential effect of heavy metal pollution on watersheds?

a) Improved water quality

b) Increased aquatic biodiversity

c) Toxicity to aquatic organisms

d) Enhanced nutrient cycling

8. How does climate change influence watershed status?

a) By decreasing the frequency of extreme weather events
b) By promoting soil conservation practices

c) By altering precipitation patterns and increasing the risk of droughts and floods

d) By reducing temperature fluctuations
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9. What is one consequence of dam construction on watershed ecosystems?
a) Enhanced downstream sedimentation

b) Improved water quality

c¢) Decreased flood risk

d) Increased groundwater recharge

10.How does habitat destruction impact watershed health?

a) It promotes ecosystem resilience

b) It enhances wildlife populations

¢) It reduces biodiversity and disrupts ecosystem functioning

d) It decreases soil erosion

11. Which of the following pollutants is commonly associated with agricultural runoff?
a) Mercury

b) Lead c) Nitrogen and phosphorus

d) PCBs (Polychlorinated biphenyls)

12. How does soil erosion affect watershed quality?

a) It improves soil fertility

b) It decreases sedimentation in water bodies

¢) It increases turbidity and nutrient loading in waterways

d) It enhances groundwater recharge

13. What is the primary source of nutrient pollution in many watersheds?
a) Atmospheric deposition
b) Industrial discharge

c¢) Urban runoff

d) Agricultural runoff

14. What is one potential consequence of water diversion projects on downstream
ecosystems?

a) Enhanced aquatic habitat diversity
b) Increased flood risk

c¢) Improved water quality

d) Decreased sedimentation

15. How can riparian buffer zones contribute to watershed health?
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a) By increasing soil erosion

b) By reducing nutrient and sediment runoff into water bodies

c¢) By promoting urbanization along waterways

d) By decreasing biodiversity

Answers) 1.c,2.¢,3.c,4.¢,5.¢,6.b,7.¢,8.¢,9.a,10.C, 11.C, 12.C, 13. d, 14. b, 15. b
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BLOCK 4 WATERSHED DYNAMICS

UNIT 9: MAJOR NATURAL HAZARDS: LANDSLIDES,
EROSION, FLOODS, DROUGHTS, SEDIMENTATION,
DISRUPTION OF HYDROLOGICAL CYCLE ETC.

9.1 OBJECTIVES
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9.3 MAJOR NATURAL HAZARDS
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9.6 ANSWERS TO CHECK YOUR PROGRESS
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9.1 OBJECTIVES

e You will be able to identify and describe the major natural hazards, including

landslides, erosion, floods, droughts, sedimentation, and disruption of the
hydrological cycle.

e You will understand the causes and mechanisms behind each natural hazard, including
geological, climatic, and anthropogenic factors. Students will analyze the impacts of
natural hazards on the environment, human settlements, infrastructure, and socio-
economic activities.

e You will able to evaluate the effectiveness of various mitigation and adaptation
strategies for reducing the risks and vulnerabilities associated with natural hazards.

e You will able to assess the role of technology, early warning systems, and disaster
preparedness in mitigating the impacts of natural hazards and enhancing community

resilience.

9.2 INTRODUCTION

Watershed dynamics refers to the complex interactions and processes that occur within a
watershed, which is an area of land where all the water that falls or drains into it converges to
a single point, such as a river or a lake. Understanding watershed dynamics is crucial for
managing water resources, addressing environmental issues, and sustaining ecosystems. Here

are key aspects of watershed dynamics.

Watershed dynamics play a crucial role in influencing the occurrence and severity of major
natural hazards. A watershed, also known as a drainage basin, is an area of land where
precipitation collects and drains into a common outlet, such as a river or lake. The
topography, land cover, and hydrological characteristics of a watershed interact to shape its
dynamics. Changes in land use, deforestation, urbanization, and alterations to natural water
flow can impact the watershed's ability to regulate water discharge. This alteration can
contribute to an increased susceptibility to natural hazards such as floods, landslides, and
droughts. For instance, deforestation within a watershed reduces the natural capacity of
vegetation to absorb and slow down rainfall, increasing the likelihood of flash floods and soil
erosion. Understanding watershed dynamics is essential for effective hazard mitigation and
sustainable water resource management, as it provides insights into the complex interplay

between human activities, environmental changes, and the potential for natural disasters.
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9.3 MAJOR NATURAL HAZARDS

Hazards refer to situations or conditions that have the potential to cause harm, damage, or
adverse effects to people, property, the environment, or a combination of these. Hazards can
be natural or human-made and can vary widely in their nature and intensity. Understanding
hazards is crucial for risk assessment, disaster preparedness, and implementing strategies to

mitigate their impact. Here are different types of hazards and explanations:

Understanding and managing watershed dynamics require an interdisciplinary approach,
integrating knowledge from hydrology, geology, ecology, and other fields. This holistic
understanding is essential for sustainable water resource management and ecosystem

conservation.
1. Natural Hazards:

Geological Hazards: These are related to Earth's processes.

Earthquakes: Sudden shaking of the ground caused by the movement of tectonic plates

beneath the Earth's surface.
Volcanic Eruptions: The eruption of molten rock, ash, and gases from a volcano.

Landslides: The movement of rock, soil, and debris down a slope.
2. Meteorological Hazards: These are related to weather and climate.

Hurricanes or Typhoons: Powerful tropical storms with strong winds and heavy rainfall.
Tornadoes: Violently rotating columns of air extending from thunderstorms to the ground.

Floods: Overflow of water onto normally dry land, often caused by heavy rain or storm

surges.
3. Hydrological Hazards: These are water-related hazards.

Droughts: Prolonged periods of abnormally low rainfall, leading to water scarcity.

Flash Floods: Sudden and intense flooding, typically caused by heavy rainfall in a short

time.

4.Biological Hazards: These involve living organisms and their activities.
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Disease Outbreaks: The rapid spread of infectious diseases among a population.

Insect Infestations: Rapid proliferation of insects that can harm crops and ecosystems.
5. Human-Made Hazards:

Technological Hazards: These result from the failure or malfunction of technology and

industrial processes.
Chemical Spills: Release of hazardous chemicals into the environment.
Nuclear Accidents: Accidental release of radioactive materials from nuclear facilities.

Industrial Accidents: Mishaps in factories or industrial plants that can lead to fires,

explosions, or chemical releases.
6. Anthropogenic Hazards: These are hazards influenced by human activities.

Deforestation: The clearing of large areas of forests, contributing to environmental

degradation.

Climate Change: Long-term changes in temperature and weather patterns due to human

activities, such as the burning of fossil fuels.
7. Social and Economic Hazards:

Conflict and Violence: Social hazards include wars, civil unrest, and terrorism, which can

pose threats to individuals and communities.

Economic Instability: Economic hazards involve factors like financial crises, market

crashes, and economic recessions that can impact livelihoods and well-being.
8. Biophysical Hazards:

Wildfires: Uncontrolled fires in forests or grasslands that can spread rapidly and cause

significant environmental and property damage.
Avalanches: Rapid descent of snow, ice, and debris down a mountain slope.

Major Natural Hazards: Landslides, Erosion, Floods, Droughts, Sedimentation, Disruption of
Hydrological Cycle etc. But here in this unit we will study on those hazards that are directly

or indirectly associated with water.
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1. Landslides - Nature's Unpredictable Force

Landslides represent a significant and formidable natural hazard, posing a serious threat to
both human lives and infrastructure. These geological phenomena involve the rapid
downslope movement of rock, soil, and debris, often triggered by factors such as heavy
rainfall, earthquakes, or human activities. Landslides can occur suddenly and with great
force, leading to devastating consequences for communities situated in vulnerable regions.
The impacts of landslides include the destruction of homes, roads, and agricultural lands, as
well as the potential loss of lives. As climate change and urbanization continue to alter
landscapes, the risk of landslides is heightened, making it imperative for societies to
implement effective mitigation strategies, early warning systems, and sustainable land-use

practices to minimize the impact of this natural hazard.

Fig 9.1: Landslide, Source: Google

Causes of Landslides:
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1. Natural Factors:

Rainfall: Intense or prolonged rainfall can saturate the soil, reducing its stability and
triggering landslides.

Earthquakes: Seismic activity can shake and destabilize slopes, leading to landslide
initiation.

Volcanic Activity: Volcanic eruptions can generate pyroclastic flows and trigger landslides.
1) Human-Induced Factors:

Deforestation: Removal of vegetation reduces slope stability and increases the likelihood of

landslides.

Construction Activities: Excavation, improper grading, and changes in land use can disturb

slopes and trigger landslides.

Mining: Excavation and extraction activities can lead to slope instability and the collapse of

terrain.

Types of Landslides:

Rockfalls: Rapid descent of individual rock fragments.

Rockslides: Movement of rock masses along well-defined surfaces.

Debris Flows: Rapid downhill movement of water-saturated, unconsolidated debris.
Mudslides: Flow of mud and fine-grained material down a slope.

Lahars: Volcanic mudflows triggered by volcanic activity.

Factors Influencing Landslide Risk:

Factors Influncing Landslide Risk

Topography Geology Water Content \Vegetation
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Topography: Steeper slopes are more susceptible to landslides.

Geology: Different rock types and soil compositions respond differently to weathering and
erosion.

Water Content: Saturated soil due to rainfall or groundwater increases the risk.
Vegetation: Dense vegetation stabilizes slopes, while deforestation enhances vulnerability.

Impact of Landslides:

Impacts of
Landslides

|
[ [ I I
Loss of Lives and Environment Infrastructure Economic
Property Damage Disruption Consequences

Loss of Lives and Property: Landslides can result in casualties and the destruction of

homes, infrastructure, and agricultural lands.

Environmental Damage: Altered landscapes, disrupted ecosystems, and sedimentation of
water bodies.

Infrastructure Disruption: Roads, bridges, and utilities can be damaged or blocked,

hampering rescue and recovery efforts.

Economic Consequences: Costs associated with rescue operations, rebuilding, and the long-

term impact on local economies.

Mitigation and Preparedness:

Mitigation and Preparedness

[
Early Warning |  [52nd Use Engineering Vegetative Education and
Systems Planning Solutions Cover Community
Engagement
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Early Warning Systems: Monitoring weather conditions, seismic activity, and slope stability

to provide timely alerts.
Land Use Planning: Zoning regulations to restrict construction in high-risk areas.

Vegetative Cover: Promoting afforestation and maintaining existing vegetation to stabilize

slopes.

Engineering Solutions: Constructing retaining walls, rock bolts, and other stabilizing

structures.

Education and Community Engagement: Raising awareness about landslide risks and

promoting community preparedness.

Landslides are a natural hazard with far-reaching consequences, impacting both human and
natural systems. Through a comprehensive understanding of their causes and effective
mitigation strategies, societies can better prepare for, respond to, and recover from these
unpredictable geological events. Continued research and community engagement are

essential in building resilience against the destructive force of landslides.
2. EROSION

It's important to note that erosion itself is not typically classified as a natural hazard. Erosion
is a natural geomorphic process that involves the gradual wearing away of Earth's surface by
the action of natural forces such as water, wind, ice, and gravity. While erosion is a natural
phenomenon, certain aspects of it, particularly accelerated or uncontrolled erosion, can lead
to hazards and pose risks to the environment and human activities. Let's structure a chapter

that addresses erosion and its potential hazards:

Erosion by water is a natural process where soil, rock, or other materials are gradually worn
away by the action of flowing water. This phenomenon occurs in various environments,
including riverbanks, coastlines, and hillsides. Water erosion is a significant natural hazard
with several contributing factors and various forms, such as sheet erosion, rill erosion, gully

erosion, and coastal erosion. Here's an explanation of the key aspects.
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Forms of Water Erosion:

Sheet Erosion: Occurs when a thin layer of soil is removed uniformly from a large area,

often resembling a sheet. It is common on flat or gently sloping terrain.

Causes: Typically happens on flat or gently sloping terrain, often as a result of rainfall or

melting snow.

Rill Erosion: Involves the formation of small channels (rills) on the soil surface due to the

concentrated flow of water. Rills are typically less than a foot deep.

Causes: Occurs when runoff accumulates and starts to create small channels, commonly on

moderately sloping surfaces.

Gully Erosion: Characterized by the development of larger and deeper channels (gullies) in
the landscape. Gullies can significantly alter the topography and pose a threat to agriculture

and infrastructure.

Causes: Often follows unchecked rill erosion, where channels deepen and widen, posing a

significant threat to land stability.

Factors Contributing to Water Erosion:

Rainfall Intensity and Duration:

Impact: Intense or prolonged rainfall increases runoff, leading to higher erosion rates.
Topography:

Impact: Steeper slopes generally experience more erosion than flat terrain due to the
increased speed of water flow.

Land Cover:

Impact: Bare soil is more susceptible to erosion, while vegetation can help stabilize the soil

and reduce runoff.

Erosion by water is considered a major natural hazard due to its widespread and impactful
consequences on the environment, ecosystems, and human activities. Here are key reasons

why water erosion is regarded as a significant natural hazard:
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Hazards Associated with Erosion:
Loss of Soil Productivity:

Water erosion removes the topsoil, which is rich in nutrients and essential for plant growth.
This loss of fertile soil reduces the productivity of land for agriculture, impacting food

production.
Agricultural Impact:

Farming areas are highly susceptible to water erosion. Erosion can lead to the destruction of
crops, degradation of arable land, and increased sedimentation in water bodies, affecting

agricultural practices.
Sedimentation in Water Bodies:

Eroded sediments are carried by water and deposited in rivers, lakes, and reservoirs. This
sedimentation can reduce water quality, harm aquatic life, and affect the availability of clean

water for both ecosystems and human consumption.
Infrastructure Damage:

Water erosion can undermine the stability of structures such as bridges, roads, and buildings.

This poses risks to public safety and requires costly repairs and maintenance.
Altered Landscapes:

Continuous water erosion reshapes landscapes by forming gullies, altering river courses, and
causing the loss of valuable land. These changes can have long-term effects on the physical

characteristics of an area.
Habitat Destruction:

Natural habitats and ecosystems are vulnerable to disruption and destruction by water
erosion. Loss of vegetation and soil instability can negatively impact the biodiversity and

overall health of ecosystems.
Increased Flood Risk:

Erosion contributes to the sediment load in rivers, increasing the risk of flooding. Sediment
deposition reduces the capacity of river channels, leading to more frequent and severe floods

during heavy rainfall events.
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Global Significance:

Water erosion is a global issue that affects various climates and regions. It contributes to land
degradation, desertification, and the overall loss of arable land on a large scale.

Climate Change Implications:

Erosion and sediment transport can influence the global carbon cycle. The displacement of

organic material may impact greenhouse gas emissions and contribute to climate change.
Challenges for Human Settlements:

Communities located in erosion-prone areas face challenges such as property damage,
increased maintenance costs, and potential displacement due to the degradation of land and

infrastructure.

Recognizing water erosion as a major natural hazard emphasizes the need for effective
erosion control measures, sustainable land management practices, and policies that mitigate
its impact. Addressing water erosion is crucial for protecting ecosystems, sustaining
agricultural productivity, and ensuring the resilience of communities against the adverse

effects of this natural process.

Human-Induced Factors:

Deforestation: Removal of vegetation reduces soil stability.

Urbanization: Altered landscapes and increased impervious surfaces.

Agricultural Practices: Unsustainable farming practices leading to soil degradation.
Mining Activities: Excavation and disturbance of land.

Mitigation and prevention:

Vegetative Cover: Afforestation and reforestation to stabilize soil.

Soil Conservation Techniques: Contour plowing, terracing, and cover cropping.

Erosion Control Structures: Retaining walls, check dams, and other engineered solutions.

Land Use Planning: Zoning regulations to avoid construction in vulnerable areas.
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3. FLOODS

Floods are one of the most significant natural hazards, occurring when water exceeds normal
levels and inundates land areas. These events can result from various factors and have wide-
ranging impacts on the environment, communities, and economies. Here is a detailed

explanation of floods:
Causes of Floods:

Heavy Rainfall: Intense or prolonged rainfall can lead to an overflow of rivers and streams,

causing flooding in adjacent areas.

Storm Surges: Coastal areas can experience flooding due to storm surges during tropical

cyclones or hurricanes, where strong winds push seawater inland.

Snowmelt: Rapid melting of snow, particularly in mountainous regions, can contribute to

increased river and stream flow, leading to flooding.

Flash Flooding: Sudden and intense rainfall, often in urban areas with poor drainage, can

result in rapid and localized flooding.

Ice Jams: Accumulation of ice in rivers can obstruct normal water flow, leading to localized

flooding when the ice suddenly breaks or melts.
Types of Floods:

Riverine Floods: Overflow of rivers and streams due to excessive rainfall or snowmelt,

affecting adjacent floodplains.

Flash Floods: Rapid and intense flooding that occurs within a short period, often in urban

areas or steep terrains.

Coastal Floods: Flooding of coastal areas due to storm surges, high tides, or tropical

cyclones.

Urban Flooding: Flooding in urban areas, usually caused by inadequate drainage systems

and impermeable surfaces.
Stages of Flooding:

Rising Stage: The water level begins to rise due to increased precipitation or other

contributing factors.
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Crest: The highest point of the floodwater level during an event.
Falling Stage: The water level recedes after reaching the crest.
Impacts of Floods:

Loss of Lives and Property: Floods can lead to tragic loss of life and cause extensive

damage to homes, infrastructure, and businesses.

Displacement of Communities: People may be forced to evacuate, leading to temporary or
long-term displacement.

Agricultural Losses: Floods can damage crops and livestock, impacting agricultural

productivity.

Infrastructure Damage: Roads, bridges, and utilities may be severely affected, disrupting

transportation and communication.

Water Quality Issues: Floodwaters may carry contaminants, leading to waterborne diseases

and pollution.
Prevention and Mitigation:

Floodplain Zoning: Regulating land use in flood-prone areas to minimize the impact of

floods on communities.

Early Warning Systems: Providing timely alerts to communities about impending floods,

allowing for evacuation and preparedness.

Levees and Dams: Constructing barriers to control river flow and prevent flooding in

vulnerable areas.

Improved Urban Planning: Designing and implementing better drainage systems in urban

areas to reduce the risk of flooding.
Global Significance:

Climate Change: Changes in weather patterns and increased intensity of extreme events may

contribute to more frequent and severe floods globally.

Human Activities: Deforestation, urbanization, and changes in land use can exacerbate the

risk of flooding.
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Floods are complex events with diverse causes and consequences. Managing and mitigating
the impact of floods requires a combination of effective planning, infrastructure development,
and community engagement to enhance resilience and reduce vulnerability to this natural

hazard.
4. Drought

Drought is a significant and prolonged deficiency in rainfall, leading to water scarcity and an
imbalance between water demand and supply. It is a major natural hazard with extensive
social, economic, and environmental impacts. Here's a detailed explanation of why drought is

considered a major natural hazard:
1. Causes of Drought:

Meteorological Factors: Extended periods of below-average rainfall or the absence of

precipitation.
Hydrological Factors: Reduced streamflow and depletion of groundwater reserves.

Human Activities: Deforestation, over-extraction of water, and unsustainable agricultural

practices can contribute to drought conditions.

2. Types of Drought:

Meteorological Drought: Characterized by a prolonged period of below-average precipitation.
Agricultural Drought: Insufficient soil moisture affecting crop growth and yield.

Hydrological Drought: Decline in surface water and groundwater levels, impacting water

availability for various uses.
3. Impacts of Drought:
Water Scarcity: Reduced water availability for agriculture, industries, and domestic use.

Crop Failure: Insufficient water for crops can lead to decreased yields, affecting food

production and security.

Livestock and Wildlife: Drought conditions impact grazing lands, leading to a shortage of

fodder and water for animals.

Economic Losses: Reduced agricultural output, increased food prices, and economic

downturns due to the impact on industries reliant on water.
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Health Issues: Drought can contribute to waterborne diseases and malnutrition, especially in

vulnerable populations.
Social Displacement: Population migration in search of water and livelihood opportunities.
4. Environmental Consequences:

Ecosystem Stress: Drought can lead to the degradation of ecosystems, affecting biodiversity

and disrupting natural habitats.

Wildfires: Dry conditions increase the risk of wildfires, causing further environmental
damage.

5. Duration and Severity:

Long-Term Impact: Droughts can persist for months or even years, leading to prolonged

water stress.

Cyclical Nature: Some regions experience recurrent droughts, impacting their overall

resilience and adaptive capacity.
6. Mitigation and Adaptation:

Water Management: Efficient and sustainable use of water resources through conservation

and improved irrigation practices.

Drought-Resistant Crops: Developing and promoting crops that are more resilient to water

scarcity.

Early Warning Systems: Monitoring meteorological and hydrological conditions to provide

timely alerts and enable preparedness.

Community Education: Raising awareness about water conservation and sustainable practices

to reduce vulnerability to drought.
7. Global Significance:

Climate Change: Changes in climate patterns, including increased temperatures and altered

precipitation, may contribute to the frequency and severity of droughts globally.

Food Security: Drought poses a threat to global food production and can lead to increased

food prices and food insecurity.
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8. Policy and Governance:

Water Policies: The development and implementation of water management policies to

ensure sustainable use and allocation of water resources.

Drought Preparedness Plans: Establishing comprehensive plans to mitigate the impacts of

drought through early intervention and adaptive measures.
5. Sedimentation

Sedimentation, in itself, is not typically considered a major natural hazard. Instead,
sedimentation is a natural geophysical and ecological process where particles of soil, silt, and
minerals settle out of a fluid, often water, and accumulate over time. While sedimentation is a
natural phenomenon with important roles in shaping landscapes, river deltas, and estuaries,
excessive or accelerated sedimentation can lead to various environmental issues. Here's a

detailed explanation of how excessive sedimentation can pose challenges:
Causes of Excessive Sedimentation:

Erosion: Increased erosion due to human activities such as deforestation, construction,

agriculture, and mining can release large amounts of sediment into water bodies.

Urbanization: The conversion of natural landscapes into urban areas with impermeable

surfaces can increase surface runoff, leading to more sediment reaching rivers and lakes.

Land Use Changes: Alterations in land use, such as removing vegetation or draining

wetlands, can contribute to increased sedimentation.
Impacts of Excessive Sedimentation:
Water Quality Degradation:

Description: Sediment carries nutrients, organic matter, and pollutants into water bodies,

degrading water quality.

Impact: Reduced clarity, decreased oxygen levels, and harmful effects on aquatic

ecosystems.
Habitat Destruction:

Description: Accumulation of sediment can smother and destroy habitats for aquatic plants

and animals.
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Impact: Loss of biodiversity, disruption of aquatic ecosystems, and degradation of fish

spawning grounds.
Sedimentation in Reservoirs:
Description: Sedimentation in reservoirs reduces their storage capacity over time.

Impact: Decreased availability of water for irrigation, drinking, and hydroelectric power

generation.
Infrastructure Damage:

Description: Sedimentation in rivers can lead to the deposition of sediment in navigation

channels, affecting shipping and navigation.

Impact: Increased dredging costs, potential damage to infrastructure, and navigational

hazards.
Increased Flooding Risk:

Description: Sedimentation reduces the capacity of river channels, increasing the risk of

flooding during heavy rainfall events.

Impact: Elevated flood risk, particularly in areas with poor sediment management practices.
Mitigation and management strategies:

Sediment Basins and Ponds:

Strategy: Construction of sediment basins and retention ponds to trap and settle out sediment

before water enters natural water bodies.
Riparian Buffers:

Strategy: Establishing and maintaining vegetation along riverbanks to stabilize soil and

reduce runoff, preventing excessive sedimentation.
Soil Conservation Practices:

Strategy: Promoting sustainable land management practices, such as contour plowing and

cover cropping, to reduce soil erosion.
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Erosion Control Structures:

Strategy: Implementing measures like check dams and silt fences to control and reduce the

transport of sediment.
Climate Change Implications:
Extreme Weather Events:

Impact: Changes in precipitation patterns and increased frequency of extreme weather events

may exacerbate sedimentation issues.
Causes of Sediment-Related Hazards:

Heavy Rainfall: Intense or prolonged rainfall can saturate soil, leading to increased runoff

and triggering landslides or mudflows.
Earthquakes: Seismic activity can destabilize slopes, causing landslides and debris flows.

Human Activities: Construction, deforestation, and improper land use can contribute to soil

erosion, increasing the likelihood of sediment-related hazards.

Types of Sediment-Related Hazards:

Landslides: Downslope movement of rock, soil, and debris due to gravitational forces.
Mudflows: Rapid movement of a mixture of water, soil, and debris down a slope.

Debris Flows: Similar to mudflows but with a higher proportion of larger rocks and debris.
Vulnerability and Risk:

Population Density: Areas with high population density in regions prone to sediment-related

hazards are at greater risk.

Land Use Planning: Improper land development and construction in vulnerable areas

increase the risk of sediment-related disasters.

Climate Factors: Regions with a high frequency of heavy rainfall or seismic activity are

more susceptible.
Impact on the Environment:

Habitat Destruction: Sediment-related hazards can destroy ecosystems and habitats,

affecting flora and fauna.
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Water Quality: Sediment runoff can degrade water quality in rivers and lakes.

Alteration of Landforms: Significant changes to the landscape due to erosion and
deposition.

Mitigation and Preparedness:

Early Warning Systems: Monitoring weather conditions and geological factors to provide
timely alerts.

Land Use Planning: Implementing regulations to restrict development in high-risk areas.
Vegetative Cover: Maintaining or restoring vegetation to stabilize slopes and reduce erosion.

In conclusion, while sedimentation itself is a natural process, certain events related to
sediment movement can pose significant hazards. Understanding the causes, types, and
impacts of sediment-related hazards is crucial for developing effective mitigation strategies

and ensuring the safety and resilience of communities in vulnerable regions.
6. Disruption of Hydrological Cycle

The disruption of the hydrological cycle refers to alterations or disturbances in the natural
processes that constitute the movement and distribution of water on Earth. The hydrological
cycle, also known as the water cycle, is a continuous and dynamic process that involves the
circulation of water between the Earth's surface, the atmosphere, and various water bodies.
This cycle includes processes such as evaporation, condensation, precipitation, runoff,

infiltration, and transpiration.

When there is a disruption in the hydrological cycle, it means that one or more components of
this cycle are affected, leading to imbalances in the distribution and availability of water.
Human activities, environmental changes, and natural events can contribute to disruptions in

the hydrological cycle. Some common examples and consequences include:
Causes of Hydrological Cycle Disruptions

Disruptions to the hydrological cycle can give rise to various major hazards, impacting both
the natural environment and human societies. Here's an in-depth exploration of the major

hazards associated with the disruption of the hydrological cycle:
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1. Floods:

Cause: Disruptions to the hydrological cycle can lead to altered precipitation patterns,

increasing the likelihood of intense and prolonged rainfall.

Impact: Excessive rainfall, combined with changes in land use and inadequate drainage
systems, can result in floods. Floods pose significant threats to communities, causing

property damage, loss of lives, and displacement of populations.
2. Droughts:

Cause: Changes in precipitation patterns and prolonged disruptions to the hydrological cycle

can lead to reduced water availability over extended periods.

Impact: Droughts result in water scarcity, affecting agriculture, water supply, and
ecosystems. Crop failures, food shortages, and economic challenges are common

consequences of prolonged droughts.

Water Scarcity:

Cause: Altered precipitation patterns, increased evaporation, and changes in water

availability contribute to water scarcity.

Impact: Reduced access to clean water for drinking, sanitation, and agriculture poses a threat
to human health, livelihoods, and overall well-being. Water scarcity exacerbates conflicts

over water resources.
Erosion and Sedimentation:

Cause: Changes in land use, deforestation, and increased runoff can contribute to soil erosion

and sedimentation.

Impact: Erosion and sedimentation can harm ecosystems, degrade water quality, and lead to
the siltation of rivers and reservoirs. Infrastructure such as bridges and dams may also be
affected.

Changes in Aquatic Ecosystems:

Cause: Disruptions to the hydrological cycle alter the natural flow of rivers, affecting aquatic

gcosystems.
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Impact: Changes in river flow, temperature, and sedimentation levels can harm aquatic
biodiversity. Fish populations, in particular, may decline, affecting both ecosystems and

fisheries.
Saltwater Intrusion:

Cause: Sea level rise and changes in precipitation patterns can lead to saltwater intrusion into

freshwater sources.

Impact: Coastal regions may experience the infiltration of saltwater into freshwater aquifers,
affecting drinking water supplies and agricultural irrigation. This poses risks to both human

populations and ecosystems.
Extreme Weather Events:

Cause: Disruptions to the hydrological cycle contribute to changes in weather patterns,

leading to more intense and frequent extreme weather events.

Impact: Increased occurrences of hurricanes, storms, and heavy rainfall events can result in
widespread flooding, landslides, and other hazards, posing threats to human safety and

infrastructure.
Infrastructure Damage:

Cause: Changes in river flow, sedimentation, and extreme weather events can compromise

the stability of infrastructure.

Impact: Bridges, dams, and other structures may be damaged or rendered ineffective. This
poses risks to public safety, disrupts transportation, and increases the costs of maintenance

and repair.
Shifts in Agriculture Patterns:
Cause: Altered precipitation and temperature patterns can impact agricultural productivity.

Impact: Changes in the hydrological cycle can lead to shifts in agricultural zones, affecting
crop yields and forcing adjustments in farming practices. This poses challenges for food

security and economic stability.
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Increased Risk of Wildfires:

Cause: Prolonged drought conditions resulting from disruptions to the hydrological cycle

create favourable conditions for wildfires.

Impact: Dry vegetation becomes susceptible to ignition, leading to more frequent and severe

wildfires. This poses threats to ecosystems, air quality, and human settlements.

Addressing and mitigating these hazards require comprehensive water management
strategies, sustainable land use practices, and global efforts to combat climate change.
Recognizing the interconnectivity of the hydrological cycle with these hazards is crucial for
developing effective resilience measures and ensuring the well-being of both natural systems

and human communities.

1.4 SUMMARY

Natural hazards such as landslides, erosion, floods, droughts, sedimentation, and disruption of
the hydrological cycle pose significant risks to both natural ecosystems and human
communities. Landslides occur when slopes become unstable due to factors like heavy
rainfall or earthquakes, leading to the rapid downward movement of soil and rock. Erosion,
often exacerbated by deforestation and improper land management practices, results in the
loss of fertile soil and degradation of landscapes. Floods, caused by heavy rainfall, snowmelt,
or storm surges, can inundate vast areas, causing damage to infrastructure, property, and loss
of life. Droughts, characterized by prolonged periods of low precipitation, can lead to water
shortages, crop failure, and impacts on agriculture and food security. Sedimentation, the
deposition of eroded material, can clog waterways, disrupt aquatic ecosystems, and increase
the risk of flooding. Additionally, the disruption of the hydrological cycle, caused by factors
such as deforestation and climate change, can alter precipitation patterns, exacerbating the
frequency and severity of natural hazards. Effective mitigation and adaptation strategies,
including land-use planning, infrastructure improvements, early warning systems, and
sustainable water management practices, are essential for reducing the impacts of these

hazards and enhancing community resilience.

9.5 GLOSSARY

Urbanization: Urbanization is the process by which an increasing proportion of a population

resides in urban areas, leading to the growth and expansion of cities and towns.
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Landslide: A landslide is the downward movement of soil, rock, and debris along a slope,
often triggered by factors such as heavy rainfall, earthquakes, or human activities, presenting

significant risks to both natural and human environments.

Hazard: A hazard is any source of potential harm or adverse effect, whether natural or

human-induced, that poses a risk to people, property, or the environment.

Sedimentation: Sedimentation refers to the process by which eroded materials, such as soil,
rock fragments, and organic matter, settle and accumulate in a body of water, disrupting

aquatic ecosystems and potentially causing environmental problems.

Topography: Topography refers to the physical features or surface characteristics of a land
area, including its elevation, slope, and landforms, which are typically depicted on maps

through contour lines and elevation data.

9.6 ANSWER TO CHECK YOUR PROGRESS

1.Do you know Sheet erosion occurs when a thin layer of soil is removed uniformly from a

large area, often resembling a sheet. It is common on flat or gently sloping terrain.

2. Do you know that the disruption of the hydrological cycle refers to alterations or
disturbances in the natural processes that constitute the movement and distribution of water
on Earth.
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9.8 TERMINAL QUESTIONS

Long Questions

1. What are the major natural hazards? Explain them in detail.
2. Explain landslides and erosion hazards and their mitigation strategies in detail.
3. Explain floods and droughts, hazards and their mitigation strategies in detail.

4. What is hydrological cycle disruption, why does it occur, and how can it be avoided?
Short Questions

1. What are the causes of hydrological cycle disruption?

2.What do you mean by hazards?

3. What is sedimentation?

4.What are the major impact of landslides.

5. What is meant by disturbance of the hydrological cycle.
Multiple Choice Questions

1. Which of the following is not a type of landslides?
a) Rockfall

b) Rockslides

c) Debris Flow

d)Weathering

2. Which of the following is not a Meteorological hazard?
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a) Hurricanes

b) Tornadoes

c) Forest Fire

d) Floods

3.Which of the following are the impact of landslides?
a) Loss of Lives and Property:

b) Environmental Damage

c) Infrastructure Disruption

d) All of the above

4. Which of the following is not a type of Hazards?
a) Natural Hazards

b) Meteorological Hazards

C) Hydrological Hazards

d) Ecosystem
5. Which of the following is not a cause of hydrological disruption?

a) Climate Change
b) Urbanisation

c) Deforestation
d)Social forestry

Answers) 1.d, 2.¢,3.d,4.d,5.d
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UNIT 10: FUNCTIONING OF ECOSYSTEM: IMPACT
OF AGRICULTURE, MINING AND QUARRYING,
DEFORESTATION, LIVESTOCK, FREQUENT
CONSTRUCTION OF ROADS ON ECOSYSTEMS
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10.3 FUNCTIONING OF ECOSYSTEM: IMPACT OF
AGRICULTURE, MINING AND QUARRYING,
DEFORESTATION, LIVESTOCK, FREQUENT
CONSTRUCTION OF ROADS ON ECOSYSTEMS

10.4 SUMMARY

10.5 GLOSSARY
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10.7 REFERENCES

10.8 TERMINAL QUESTIONS
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10.1 OBJECTIVES

e Learners will be able to understand the functioning of ecosystems and the
interconnectedness of various components, including biotic and abiotic factors.

e Learners will be able to analyze the impact of agriculture on ecosystems, including the
use of land, water, and pesticides, and the loss of biodiversity.

e Learners will be able to evaluate the environmental effects of mining and quarrying
activities on ecosystems, such as habitat destruction, soil erosion, and water pollution.

e Learners will be able to will examine the consequences of deforestation on ecosystems,
including loss of habitat, disruption of nutrient cycles, and increased carbon emissions.

e Learners will be able to will assess the impact of livestock grazing on ecosystems,

including overgrazing, soil degradation, and competition with native species.

10.2 INTRODUCTION

The functioning of ecosystems refers to the processes and interactions that occur within an
ecological community, enabling it to sustain life and maintain balance. These processes include
energy flow, nutrient cycling, and the regulation of populations and ecosystems services.The
Earth's ecosystems are delicately balanced networks of living organisms and their physical
environments. However, human activities such as agriculture, mining and quarrying,
deforestation, livestock farming, and frequent construction of roads have significantly altered
these ecosystems, often leading to detrimental effects on biodiversity, ecosystem services, and
overall ecological health. In this unit, we will explore the impacts of these activities on

ecosystem functioning and the measures that can be taken to mitigate their negative effects.

10.3 Functioning of Ecosystem

The functioning of an ecosystem refers to the dynamic interactions between biotic (living) and
abiotic (non-living) components within a specific environment, leading to the flow of energy,
cycling of nutrients, and maintenance of ecological processes. These processes are essential for
the stability, resilience, and sustainability of ecosystems. Here are the key components and

processes that contribute to the functioning of ecosystems:

Energy Flow: Energy enters ecosystems primarily through sunlight and is converted into
chemical energy by autotrophic organisms (such as plants and algae) through photosynthesis.

This energy is then transferred through the food chain or web as organisms consume each other.
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Energy flow supports biological processes such as growth, reproduction, and movement within

ecosystems.

Energy Flow

Sun Vs / Vo
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«—— Energy Flow Decomposers

Energy Flow
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Ecosystem

Figl0.1: Energy Flow in Ecosystem, Source: Google

Nutrient Cycling: Nutrients such as carbon, nitrogen, phosphorus, and sulfur are essential for
the growth and metabolism of organisms within ecosystems. Nutrient cycling involves the
movement of these elements through biotic and abiotic components, including the atmosphere,
soil, water, and living organisms. Decomposers play a crucial role in breaking down organic

matter and recycling nutrients back into the ecosystem.

Biodiversity: Biodiversity refers to the variety of species, genetic diversity within species, and
diversity of ecosystems within a given area. High biodiversity is essential for the resilience and
stability of ecosystems, as it increases the capacity of ecosystems to adapt to environmental

changes, resist disturbances, and recover from disruptions.

Primary Production: Primary production is the process by which autotrophic organisms (such
as plants, algae, and some bacteria) synthesize organic matter from inorganic substances using
energy from sunlight or chemical reactions (chemosynthesis). Primary production forms the
basis of food webs and supports the growth of heterotrophic organisms (consumers) within

ecosystems.

Biogeochemical Cycles: Biogeochemical cycles involve the cycling of elements and
compounds between living organisms, the atmosphere, soil, water bodies, and geological
reservoirs. Examples of biogeochemical cycles include the carbon cycle, nitrogen cycle,
phosphorus cycle, and water cycle. These cycles regulate the availability of nutrients and the

chemical composition of ecosystems.
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Fig 10.2: Biogeochemical Cycle, Source: Google

Ecological Succession: Ecological succession is the process by which ecosystems undergo
predictable and orderly changes in species composition and community structure over time in
response to disturbances or environmental gradients. Successional dynamics influence the
structure, function, and biodiversity of ecosystems and contribute to their resilience and

stability.

Ecosystem Services: Ecosystem services are the benefits that humans derive from ecosystems,
including provisioning services (such as food, water, and timber), regulating services (such as
climate regulation, water purification, and pollination), cultural services (such as recreation,
spiritual, and aesthetic values), and supporting services (such as soil formation and nutrient
cycling). Ecosystem services are essential for human well-being and socio-economic

development.

Overall, the functioning of ecosystems is driven by complex interactions among biotic and
abiotic components, which regulate energy flow, nutrient cycling, biodiversity, ecological
processes, and ecosystem services. Understanding and preserving ecosystem functioning are
essential for maintaining the health, resilience, and sustainability of ecosystems and the well-

being of human societies.
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Impact of Agriculture on Functioning of Ecosystem

Agriculture: Agriculture is the practice and science of cultivating soil, producing crops, and
raising livestock for food, fiber, fuel, and other products to sustain human life and support
various economic activities. It encompasses a wide range of activities, techniques, and
technologies involved in the cultivation of plants and the management of animals for
agricultural purposes. Agriculture plays a critical role in providing food security, generating
income, supporting rural livelihoods, and contributing to the overall economy of a nation. It
includes activities such as crop cultivation, animal husbandry, forestry, fisheries, aquaculture,
agroforestry, and agribusiness. Additionally, agriculture involves the use of various inputs such
as seeds, fertilizers, pesticides, machinery, and irrigation systems to optimize production and

ensure sustainable resource management.

The impact of agriculture on the functioning of ecosystems is significant and multifaceted,

affecting various ecological processes and services. Here's a detailed explanation:

Habitat Conversion: One of the most direct impacts of agriculture is the conversion of natural
habitats such as forests, grasslands, and wetlands into agricultural land. This process leads to
habitat loss and fragmentation, disrupting ecosystems and reducing the availability of suitable
habitats for native species. As a result, biodiversity declines, and ecosystems become less

resilient to environmental changes.

Soil Degradation: Intensive agricultural practices, such as monoculture and heavy use of
chemical inputs like fertilizers and pesticides, can degrade soil quality. Continuous cultivation
without proper soil conservation measures can lead to erosion, loss of soil fertility, and
compaction. Soil degradation affects the functioning of ecosystems by reducing the ability of

soils to support plant growth, nutrient cycling, and water infiltration.

Water Pollution: Agriculture is a major source of water pollution, primarily through runoff of
fertilizers, pesticides, and animal waste into water bodies. Excess nutrients such as nitrogen
and phosphorus can cause eutrophication, leading to algal blooms, oxygen depletion, and loss
ofaquatic biodiversity. Pesticides and herbicides can also harm non-target organisms, including

aquatic plants, insects, and fish, disrupting food webs and ecosystem functioning.

Loss of Biodiversity: Agricultural activities often result in the loss of native plant and animal
species, as well as genetic diversity within cultivated crops and livestock. Monoculture

farming, in particular, promotes the growth of a single crop species over vast areas, leading to
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simplified ecosystems and increased vulnerability to pests, diseases, and environmental
stresses. Loss of biodiversity reduces the resilience of ecosystems and their ability to provide

ecosystem services.

Alteration of Nutrient Cycling: Agricultural practices can disrupt natural nutrient cycles,
affecting the balance of nutrients in ecosystems. Excessive use of fertilizers can lead to nutrient
imbalances, such as nitrogen pollution in water bodies or phosphorus accumulation in soils.
Conversely, nutrient depletion due to intensive cropping can lead to soil degradation and
reduced productivity. Disruption of nutrient cycles affects the availability of nutrients for plants

and microorganisms, impacting ecosystem functioning.

Water Use and Hydrological Changes: Agriculture accounts for a significant portion of
global freshwater withdrawals, primarily for irrigation. Excessive water extraction can lead to
depletion of aquifers, reduced streamflow, and loss of wetlands and riparian habitats. Alteration
of natural hydrological processes can aftfect water availability for other ecosystems and human

communities, leading to conflicts over water resources and further ecosystem degradation.

Overall, the impact of agriculture on ecosystem functioning highlights the need for sustainable
farming practices that minimize negative environmental impacts while maintaining agricultural
productivity and supporting biodiversity conservation. Adopting agroecological approaches,
such as crop diversification, conservation tillage, integrated pest management, and sustainable
water management, can help mitigate these impacts and promote the long-term sustainability

of agricultural systems and ecosystems.

Mitigating the negative effects of agriculture on ecosystem functioning requires implementing
sustainable practices that balance agricultural productivity with environmental conservation.

Here are some measures that can be taken:
Agroecological Farming Practices:

Crop Diversification: Planting a variety of crops can reduce the reliance on monoculture
farming, which helps prevent pest and disease outbreaks, improves soil health, and enhances

biodiversity.

Conservation Tillage: Minimizing soil disturbance through reduced tillage or no-till practices

helps prevent soil erosion, preserves soil structure, and enhances carbon sequestration.
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Integrated Pest Management (IPM): Implementing IPM strategies, such as biological
control, crop rotation, and use of resistant varieties, reduces the need for chemical pesticides

and promotes natural pest control.

Agroforestry: Intercropping trees with agricultural crops helps enhance soil fertility, provide

shade and windbreaks, sequester carbon, and create habitat for wildlife.
Soil Conservation and Management:

Cover Cropping: Planting cover crops during fallow periods helps protect soil from erosion,

suppress weeds, improve soil structure, and enhance nutrient cycling.

Soil Amendments: Applying organic matter such as compost or manure helps replenish soil

nutrients, improve water retention, and promote beneficial soil microorganisms.

Contour Farming: Planting crops along the contour lines of slopes helps reduce water runoff,

prevent soil erosion, and conserve soil moisture.
Water Management:

Efficient Irrigation Practices: Adopting drip irrigation, micro-irrigation, or other water-
efficient irrigation techniques helps minimize water wastage and reduce pressure on freshwater

resources.

Water Harvesting: Collecting rainwater or runoff from agricultural fields for irrigation helps

supplement water supplies and reduce reliance on groundwater pumping.

Wetland Conservation: Protecting and restoring wetlands helps maintain natural water

filtration, flood control, and habitat for aquatic biodiversity.
Biodiversity Conservation:

Habitat Restoration: Restoring natural habitats such as riparian zones, wetlands, and
hedgerows on agricultural lands provides habitat for native species, improves biodiversity, and

enhances ecosystem services.

Buffer Strips: Establishing vegetated buffer strips along water bodies helps filter pollutants,

reduce erosion, and provide habitat for wildlife.

Protected Areas: Designating areas within agricultural landscapes as protected reserves or

conservation easements helps safeguard biodiversity and ecosystem function.

UNIT 10 FUNCTIONING OF ECOSYSTEM Page 210 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

Sustainable Livestock Management:

Rotational Grazing: Rotating livestock through different pasture areas prevents overgrazing,

improves soil health, and promotes grassland biodiversity.

Manure Management: Proper handling and disposal of animal waste help prevent nutrient

runoff and water pollution, while also recycling nutrients back into the soil.

Agroforestry Integration: Integrating trees and livestock within agricultural systems helps
provide shade, fodder, and shelter for animals, while also enhancing soil fertility and

biodiversity.
Policy and Education:

Government Regulations: Implementing and enforcing policies and regulations that promote

sustainable agricultural practices, protect natural habitats, and mitigate environmental impacts.

Education and Outreach: Providing training, technical assistance, and financial incentives to
farmers to adopt sustainable practices, as well as raising awareness among consumers about

the importance of supporting sustainable agriculture.

By implementing these measures, we can mitigate the negative effects of agriculture on
ecosystem functioning while promoting agricultural sustainability, biodiversity conservation,

and long-term resilience of ecosystems.
Impact of Mining and Quarrying on Functioning of Ecosystem

Mining and quarrying are related activities involved in the extraction of valuable minerals,
metals, rocks, and other geological materials from the earth's crust for various purposes. Here

are the definitions of both terms:

Mining: Mining refers to the process of extracting minerals, metals, and other valuable
geological materials from the earth's surface or underground. This process typically involves
drilling, blasting, excavation, and transportation of ore or mineral deposits to processing
facilities for further refinement and extraction of the desired substances. Mining activities can
target a wide range of resources, including coal, oil, natural gas, metals (such as gold, silver,

copper), gemstones, and industrial minerals (such as limestone, gypsum, salt).
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Fig 10.3: Minning, Source: Google

Quarrying: Quarrying is a specific type of mining activity that involves the extraction of rocks
and minerals from open-pit mines or quarries. Unlike traditional underground mining,
quarrying typically involves the removal of surface layers of rock or soil to access shallow
deposits of building materials, aggregates, dimension stones, and industrial minerals.
Quarrying operations may involve drilling, blasting, cutting, and crushing of rock materials to

produce various products for construction, manufacturing, and other industrial purposes.

Fig 10.4: Quarrying, Source: Google

Mining and quarrying activities can have significant and often detrimental impacts on the

functioning of ecosystems. These impacts can occur at various levels, including the physical,
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chemical, biological, and socio-economic aspects of the environment. Here's a detailed

explanation of the impacts:

Habitat Destruction and Fragmentation: Mining and quarrying often involve the removal
of large areas of vegetation and soil, leading to the destruction and fragmentation of natural
habitats. This loss of habitat can result in the displacement or extinction of native flora and

fauna species, disrupting ecosystem dynamics and biodiversity.

Soil Erosion and Degradation: The excavation and blasting associated with mining and
quarrying activities can lead to soil erosion and degradation. Soil erosion reduces soil fertility
and nutrient content, affecting plant growth and productivity. It also increases sedimentation in

nearby water bodies, leading to water pollution and habitat degradation for aquatic organisms.

Water Pollution: Mining and quarrying operations can contaminate water sources through the
discharge of pollutants such as heavy metals, acids, and sediments. These pollutants can have
toxic effects on aquatic organisms, disrupt aquatic ecosystems, and impair water quality for

human consumption and agricultural use.

Air Pollution: Dust emissions from mining and quarrying activities can contribute to air
pollution, affecting air quality and human health in nearby communities. Particulate matter and
other pollutants released during excavation, blasting, and transportation can cause respiratory

problems and exacerbate existing health conditions.

Loss of Biodiversity: The destruction of habitats and ecosystems due to mining and quarrying
activities can result in the loss of biodiversity. This loss reduces the resilience of ecosystems
and their ability to adapt to environmental changes, making them more vulnerable to further

degradation and collapse.

Disruption of Ecosystem Services: Ecosystems provide essential services such as water
purification, soil stabilization, carbon sequestration, and climate regulation. Mining and
quarrying activities can disrupt these ecosystem services, leading to negative consequences for

human well-being and socio-economic development.

Social Impacts: Mining and quarrying operations can have significant social impacts on local
communities, including displacement of indigenous peoples, loss of traditional livelihoods,
conflicts over land and resources, and unequal distribution of benefits and risks. These social

impacts can exacerbate poverty, inequality, and social unrest in affected areas.
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Long-term Environmental Legacy: Mining and quarrying activities can leave behind a long-
term environmental legacy, including abandoned mines, contaminated landscapes, and
degraded ecosystems. These environmental legacies can persist for decades or even centuries,

posing ongoing risks to human health and the environment.

Environmental Impact Assessment (EIA): Implementing thorough environmental impact
assessments before the commencement of mining and quarrying operations can help identify
potential environmental risks and develop mitigation measures. This involves assessing the
impacts on soil, water, air quality, biodiversity, and ecosystem services, as well as developing

strategies to minimize or avoid negative effects.

Adopting Best Management Practices (BMPs): Implementing BMPs specific to mining and
quarrying operations can help minimize environmental degradation. These practices may
include using advanced technologies for dust control, erosion prevention, and water
management; employing reclamation and rehabilitation measures to restore disturbed areas;

and adopting sustainable land use planning to minimize habitat loss and fragmentation.

Revegetation and Habitat Restoration: Implementing revegetation and habitat restoration
programs in mined and quarried areas can help restore ecosystem structure and function. This
may involve planting native vegetation, reintroducing native species, restoring natural

hydrology, and creating wildlife habitat to enhance biodiversity and ecosystem resilience.

Water Management: Implementing effective water management strategies is crucial for
minimizing water pollution and habitat degradation associated with mining and quarrying
activities. This may include using sedimentation ponds, constructed wetlands, and vegetated
buffers to capture and treat runoff, implementing water recycling and reuse practices to
minimize water consumption; and monitoring water quality to ensure compliance with

environmental standards.

Waste Management and Pollution Control: Implementing comprehensive waste
management and pollution control measures can help minimize the release of contaminants
into the environment. This may include implementing containment and treatment systems for
mine waste and tailings, using environmentally friendly extraction and processing techniques,

and implementing pollution prevention measures to minimize air and water pollution.

Community Engagement and Social Responsibility: Engaging with local communities and

stakeholders throughout the mining and quarrying process can help build trust, address
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concerns, and ensure that social and cultural values are respected. This may involve consulting
with indigenous peoples and traditional communities, providing employment and training
opportunities, supporting local businesses, and investing in community development projects

to enhance social well-being and mitigate social impacts.

Regulatory Frameworks and Enforcement: Strengthening regulatory frameworks and
enforcement mechanisms for mining and quarrying operations is essential for ensuring
compliance with environmental standards and regulations. This may involve establishing clear
permitting processes, setting stringent environmental requirements, conducting regular

inspections and monitoring, and enforcing penalties for non-compliance.

Research and Innovation: Investing in research and innovation to develop sustainable mining
and quarrying technologies and practices can help minimize environmental impacts and
improve ecosystem functioning. This may involve developing alternative extraction methods,
exploring recycling and waste valorization techniques, and promoting the adoption of green

technologies and renewable energy sources.

By implementing these strategies in a holistic and integrated manner, it is possible to mitigate
the negative effects of mining and quarrying on ecosystem functioning while promoting
sustainable resource management and socio-economic development. Collaboration among
governments, industry stakeholders, civil society organizations, and local communities is
essential for achieving these goals and ensuring the long-term health and resilience of

ecosystems affected by mining and quarrying activities.
Impact of Deforestation on functioning of ecosystem

Deforestation, the permanent removal of trees and forests, has significant impacts on the
functioning of ecosystems. These impacts extend across ecological, social, and economic
dimensions, affecting biodiversity, climate regulation, water cycles, soil fertility, and human

well-being. Here are some of the key impacts of deforestation on ecosystem functioning:
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Fig 10.5: Deforestation, Source: Google

Loss of Biodiversity: Forests are incredibly diverse ecosystems, housing a wide variety of
plant, animal, and microbial species. Deforestation leads to the destruction and fragmentation
of habitats, resulting in the loss of biodiversity. Species that depend on forest ecosystems for
food, shelter, and breeding sites are threatened with extinction. Reduced biodiversity
diminishes ecosystem resilience and stability, making ecosystems more vulnerable to

disturbances and environmental changes.

Changes in Microclimate and Hydrology: Forests play a crucial role in regulating local and
regional climates through processes such as evapotranspiration, which releases water vapor
into the atmosphere, and shading, which moderates temperature extremes. Deforestation
disrupts these processes, leading to changes in microclimate conditions, such as increased
temperatures, altered rainfall patterns, and decreased humidity. These changes can affect local

hydrological cycles, leading to alterations in water availability, runoff, and soil moisture levels.

Soil Erosion and Degradation: Tree roots help bind soil particles together, preventing erosion
and maintaining soil stability. Deforestation exposes soils to erosion by wind and water, leading
to loss of topsoil, decreased soil fertility, and increased sedimentation in rivers and streams.
Soil erosion and degradation can impair agricultural productivity, degrade water quality, and

contribute to downstream flooding and sedimentation.

Carbon Sequestration and Climate Change: Forests are critical carbon sinks, sequestering

carbon dioxide from the atmosphere through photosynthesis and storing it in biomass and soil
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organic matter. Deforestation releases carbon stored in trees and soil into the atmosphere,
contributing to greenhouse gas emissions and climate change. Loss of forests exacerbates
global warming, disrupts weather patterns, and increases the frequency and intensity of extreme

weather events such as storms, droughts, and wildfires.

Loss of Ecosystem Services: Forest ecosystems provide a wide range of ecosystem services
essential for human well-being, including carbon sequestration, air and water purification,
pollination, flood regulation, and provision of food, fuel, and medicine. Deforestation
diminishes the provision of these services, leading to negative consequences for human health,

livelihoods, and socio-economic development.

Loss of Cultural and Indigenous Knowledge: Forests are often integral to the cultural
identity and livelihoods of indigenous peoples and local communities, who rely on forests for
subsistence, spiritual practices, traditional knowledge, and cultural heritage. Deforestation
disrupts these relationships, leading to loss of traditional livelihoods, cultural practices, and

indigenous knowledge systems.

Impact on Wildlife and Ecosystem Dynamics: Deforestation disrupts ecological processes
such as nutrient cycling, seed dispersal, and predator-prey interactions, leading to changes in
wildlife populations and ecosystem dynamics. Some species may adapt to new habitats or

become invasive, while others may face population declines or extinction.

In conclusion, deforestation has profound and far-reaching impacts on the functioning of
ecosystems, disrupting biodiversity, climate regulation, water cycles, soil fertility, and the
provision of ecosystem services. Addressing deforestation requires concerted efforts to
promote sustainable land use practices, conservation and restoration of forests, and integrated
approaches to natural resource management that prioritize both ecological and human well-

being.

Mitigating the impact of deforestation on ecosystem function requires a combination of
conservation, restoration, and sustainable land management strategies. Here are several key

measures that can be implemented to mitigate these impacts:

Protected Area Establishment: Establishing protected areas such as national parks, wildlife
reserves, and forest reserves can help conserve remaining forest ecosystems and biodiversity.
Protected areas provide habitats for endangered species, preserve biodiversity hotspots, and

safeguard ecosystem functions and services.
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Forest Conservation and Restoration: Implementing programs for forest conservation and
restoration can help reverse deforestation trends and promote ecosystem recovery. This may
involve reforestation and afforestation initiatives to replant degraded areas, restore natural
habitats, and enhance forest connectivity. Conservation incentives, such as payments for

ecosystem services, can encourage landowners and communities to protect and restore forests.

Sustainable Forest Management: Adopting sustainable forest management practices can help
balance the extraction of forest resources with conservation objectives. Sustainable logging
practices, such as selective harvesting, reduced-impact logging, and forest certification, can
minimize habitat disturbance, maintain ecosystem integrity, and ensure long-term productivity

of forest ecosystems.

Agroforestry and Sustainable Agriculture: Promoting agroforestry and sustainable
agricultural practices can help reduce pressure on forests while supporting rural livelihoods
and food security. Agroforestry systems integrate trees with crops and livestock, providing
multiple benefits such as soil conservation, carbon sequestration, biodiversity conservation,

and increased resilience to climate change.

Community-Based Natural Resource Management: Engaging local communities in natural
resource management and conservation efforts can help empower communities to protect and
sustainably manage forest resources. Community-based approaches, such as community
forestry and indigenous land tenure rights, can strengthen local governance, promote traditional

ecological knowledge, and enhance ecosystem stewardship.

Policy and Legal Frameworks: Strengthening policy and legal frameworks for forest
conservation and sustainable land use is essential for addressing deforestation at regional,
national, and international levels. This may involve enacting laws to protect forests,
implementing land-use planning and zoning regulations, enforcing anti-deforestation policies,

and combating illegal logging and land conversion.

Market-Based Mechanisms: Implementing market-based mechanisms such as payments for
ecosystem services, carbon offset programs, and certification schemes can provide economic
incentives for forest conservation and sustainable land management. These mechanisms can
help internalize the environmental costs of deforestation, promote sustainable land use

practices, and create new sources of income for forest-dependent communities.
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Education and Awareness: Raising awareness and educating stakeholders about the
importance of forests, biodiversity, and ecosystem services is crucial for building public
support and fostering a culture of conservation. Education programs, public outreach
campaigns, and environmental education initiatives can help promote sustainable behaviors,

inspire stewardship, and mobilize collective action to address deforestation.

By implementing these measures in a coordinated and integrated manner, it is possible to
mitigate the impact of deforestation on ecosystem function while promoting sustainable
development and safeguarding the ecological integrity of forest ecosystems. Collaboration
among governments, civil society organizations, indigenous peoples, local communities, and
the private sector is essential for achieving these objectives and ensuring the long-term health

and resilience of forest ecosystems.
Impact of Livestock on the functioning of Ecosystem

Livestock refers to domesticated animals that are raised and kept by humans for various
purposes, including food production, agricultural work, fiber production, and companionship.
Livestock species are typically herbivorous or omnivorous animals that have been selectively
bred over generations to serve specific agricultural or economic purposes. Common livestock
species include cattle (cows, bulls, and oxen), sheep, goats, pigs, poultry (chickens, ducks,
turkeys), horses, and camels, among others. Livestock play a crucial role in global food security
and rural livelihoods, providing essential products such as meat, milk, eggs, wool, leather, and
draft power. Livestock farming practices vary widely depending on cultural, climatic, and
economic factors, ranging from extensive pastoralism and transhumance to intensive industrial

production systems.
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Figl10.6: Livestock, Source: Google

Livestock can have both positive and negative impacts on the functioning of ecosystems,
depending on factors such as stocking density, grazing management practices, and the

ecological context. Here are some of the key impacts of livestock on ecosystem functioning:

Overgrazing and Habitat Degradation: Overgrazing by livestock can lead to the degradation
of vegetation and soil, resulting in loss of habitat for native plant and animal species. Trampling
and excessive browsing can damage plant communities, reduce plant diversity, and alter

ecosystem structure and composition.

Soil Compaction and Erosion: Intensive grazing by livestock can compact soil, reducing its
porosity and infiltration capacity. Soil compaction can increase runoff and erosion, leading to

loss of topsoil, reduced soil fertility, and degradation of water quality in rivers and streams.

Changes in Vegetation Composition: Livestock grazing can influence vegetation
composition and dynamics by selectively consuming certain plant species, altering plant
community structure, and promoting the spread of invasive or undesirable species. These

changes can affect ecosystem resilience, biodiversity, and ecosystem services.

Nutrient Cycling and Soil Fertility: Livestock can contribute to nutrient cycling by
depositing organic matter, urine, and feces onto the soil surface. However, excessive nutrient
deposition in grazing areas can lead to nutrient imbalances, soil acidification, and nutrient

runoff into water bodies, causing eutrophication and water pollution.

Biodiversity Loss: Livestock grazing can impact native biodiversity by competing with native

herbivores for food resources, trampling habitat, and facilitating the spread of invasive species.
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Changes in vegetation structure and composition can reduce habitat quality for wildlife and

increase the risk of species extinctions.

Water Resource Degradation: Livestock grazing near water bodies can contribute to water
pollution through direct deposition of feces and urine, as well as through soil erosion and
nutrient runoff from grazing areas. Water pollution can degrade aquatic ecosystems, impair

water quality, and harm aquatic organisms.

Climate Change: Livestock production is a significant contributor to greenhouse gas
emissions, primarily through enteric fermentation (methane production) and manure
management. These emissions contribute to global warming and climate change, affecting

ecosystem dynamics, weather patterns, and the frequency and intensity of extreme events.

Positive Ecological Effects: In some cases, properly managed livestock grazing can have
positive ecological effects, such as promoting grassland biodiversity, enhancing soil fertility
through nutrient cycling, and maintaining open habitats that support specialized plant and
animal species. Livestock can also provide ecosystem services such as weed control, seed

dispersal, and habitat maintenance in certain contexts.

Overall, the impact of livestock on ecosystem functioning depends on the intensity and duration
of grazing, the ecological characteristics of the landscape, and the management practices
employed. Sustainable grazing management, rotational grazing systems, riparian buffers, and
restoration measures can help mitigate negative impacts and promote coexistence between
livestock production and ecosystem conservation. Collaboration among land managers,
policymakers, scientists, and local communities is essential for achieving sustainable land use
practices that balance the needs of livestock production with the conservation of ecosystems

and biodiversity.

Mitigating the impact of livestock on ecosystem functioning requires adopting sustainable
management practices that balance the needs of livestock production with ecological

conservation. Here are several key measures that can help mitigate these impacts:

Implementing Rotational Grazing: Rotational grazing involves moving livestock between
different grazing areas to prevent overgrazing, allow vegetation recovery, and promote soil
health. By rotating livestock through multiple paddocks, rotational grazing can maintain

vegetation diversity, improve soil structure, and reduce erosion.
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Managing Stocking Density: Properly managing stocking density, or the number of animals
per unit area, is crucial for preventing overgrazing and habitat degradation. Adjusting stocking
rates based on forage availability, seasonal conditions, and carrying capacity can help maintain

ecosystem integrity and support sustainable livestock production.

Restoring Riparian Zones: Riparian zones, the areas along rivers, streams, and water bodies,
are particularly vulnerable to degradation from livestock grazing. Implementing riparian
buffers, fencing off sensitive areas, and restoring vegetation in riparian zones can help protect

water quality, reduce soil erosion, and maintain habitat for aquatic organisms.

Promoting Agroforestry and Silvopastoral Systems: Agroforestry and silvopastoral systems
integrate trees with livestock production, providing multiple benefits such as shade, fodder, soil
conservation, and carbon sequestration. Agroforestry practices such as alley cropping,
windbreaks, and forested riparian buffers can enhance ecosystem resilience and support

sustainable livestock grazing.

Managing Manure and Nutrient Cycling: Proper management of livestock manure can help
minimize nutrient runoff, soil contamination, and water pollution. Implementing practices such
as composting, manure storage, and nutrient management planning can improve soil fertility,

reduce nutrient losses, and support sustainable nutrient cycling in agricultural ecosystems.

Protecting Biodiversity and Habitat: Preserving and restoring natural habitats, such as
grasslands, wetlands, and woodlands, can provide essential ecosystem services and wildlife
habitat while supporting livestock production. Creating wildlife corridors, establishing
protected areas, and implementing habitat restoration projects can enhance biodiversity

conservation and ecosystem resilience.

Water Resource Management: Implementing water management strategies such as rotational
water points, livestock exclusion fencing, and off-stream watering systems can help minimize
livestock impacts on water resources and aquatic ecosystems. Managing water quality,
reducing sedimentation, and restoring streamside vegetation can improve habitat conditions for

fish and other aquatic species.

Education and Extension Services: Providing education, training, and technical assistance to
livestock producers can help promote sustainable management practices and increase

awareness of the environmental impacts of livestock grazing. Extension services, farmer
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training programs, and demonstration projects can facilitate knowledge sharing and adoption

of best management practices.

Policy and Incentive Programs: Enacting policies, regulations, and incentive programs that
promote sustainable livestock grazing practices can encourage adoption by farmers and
ranchers. Providing financial incentives, subsidies for conservation practices, and support for
land stewardship initiatives can help offset the costs of implementing sustainable management

practices.

By implementing these measures in a coordinated and integrated manner, it is possible to
mitigate the impact of livestock on ecosystem functioning while promoting sustainable
agriculture, biodiversity conservation, and rural livelihoods. Collaboration among
stakeholders, including government agencies, agricultural organizations, conservation groups,
and local communtities, is essential for achieving these objectives and ensuring the long-term

health and resilience of ecosystems affected by livestock grazing.
Impact of Frequent Construction of Roads on Ecosystems Functioning

Frequent construction ofroads can have significant and often detrimental impacts on ecosystem
functioning. These impacts can occur at various levels, including the physical, chemical,

biological, and socio-economic aspects of the environment. Here are some of the key impacts:

Habitat Fragmentation: Roads divide natural habitats into smaller fragments, disrupting the
movement of wildlife and fragmenting populations. This fragmentation can isolate species,
restrict gene flow, and increase the risk of local extinctions. It can also alter species
compositions and disrupt ecological processes such as migration, dispersal, and foraging

behavior.

Loss of Biodiversity: Road construction and associated activities such as land clearing,
grading, and vegetation removal can result in the loss of biodiversity. Direct habitat destruction,
disturbance, and mortality of plants and animals can lead to declines in species abundance,
richness, and diversity. Sensitive species, particularly those with limited dispersal abilities or

specialized habitat requirements, are particularly vulnerable to road impacts.
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Fig 10.7: Landslide, Source: Google

Habitat Degradation and Pollution: Road construction and maintenance activities can cause
soil erosion, sedimentation, and pollution of water bodies through runoff of sediment,
chemicals, and pollutants. Roadside pollution from vehicle emissions, road salts, oil spills, and
litter can degrade water quality, soil fertility, and vegetation health, leading to habitat

degradation and ecosystem disturbance.

Altered Hydrology: Roads can alter natural hydrological processes by disrupting surface
water flow, increasing runoff and erosion, and altering groundwater recharge patterns. Changes
in hydrology can lead to flooding, erosion, and sedimentation of water bodies, affecting aquatic
habitats and species. Road drainage infrastructure such as culverts and ditches can also create

barriers to fish migration and aquatic connectivity.

Invasive Species Spread: Roads serve as pathways for the spread of invasive species,
including plants, animals, and pathogens. Roadside disturbances and human activities facilitate
the establishment and spread of invasive species, which can outcompete native species, disrupt

ecosystem dynamics, and degrade habitat quality.

Fragmented Ecosystem Services: Road construction can disrupt the provision of ecosystem
services such as carbon sequestration, air and water purification, pollination, and soil

stabilization. Habitat fragmentation and degradation can reduce the capacity of ecosystems to
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provide these services, leading to negative consequences for human well-being, public health,

and socio-economic development.

Wildlife-Vehicle Collisions: Roads can increase the risk of wildlife-vehicle collisions, leading
to injury and mortality of wildlife populations, as well as human safety hazards. Fragmented
habitats, reduced wildlife connectivity, and increased road mortality can disrupt ecosystem

dynamics and biodiversity conservation efforts.

Social and Economic Impacts: Roads can have social and economic impacts on local
communities, including changes in land use patterns, loss of cultural heritage, and conflicts
over natural resources. Disruption of traditional livelihoods, access to resources, and cultural

practices can affect community well-being and socio-economic resilience.

10.4 SUMMARY

The functioning of ecosystems is intricately linked to various human activities, each exerting
its own impact on the environment. Agriculture alters ecosystems through land conversion,
water use, and pesticide application, leading to habitat loss and biodiversity decline. Mining
and quarrying activities disrupt ecosystems through habitat destruction, soil erosion, and
pollution of air and water resources. Deforestation, often driven by logging and land conversion
for agriculture or urbanization, results in loss of habitat, disruption of nutrient cycles, and
increased carbon emissions. Livestock grazing contributes to ecosystem degradation through
overgrazing, soil compaction, and competition with native species. The frequent construction
of roads fragments habitats, alters hydrological patterns, and increases pollution, further
impacting ecosystems. Understanding these impacts is crucial for implementing sustainable
practices and conservation measures to mitigate the negative effects on ecosystems and

promote their long-term health and resilience.

10.5 GLOSSARY

Quarring: Quarrying is the process of extracting stone, minerals, or other materials from the
earth, typically for construction or industrial use, often involving blasting, excavation, and

transportation.

Contour Farming: Contour farming is a sustainable agricultural practice that involves

cultivating crops along the natural contours of the land to minimize soil erosion.
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Minning: Mining refers to the process of extracting valuable minerals or other geological

materials from the earth's surface or beneath it for economic gain.

Deforestation: Deforestation is the deliberate or widespread removal of forests and trees,
typically for agricultural, commercial, or developmental purposes, leading to significant

environmental and ecological consequences.

Conservation: Conservation refers to the careful management and protection of natural
resources, ecosystems, and biodiversity to ensure their sustainable use and continued existence

for future generations.

10.6 ANSWER TO CHECK YOUR PROGRESS

1.Do you know that properly managed livestock grazing can have positive ecological effects,
such as promoting grassland biodiversity, enhancing soil fertility through nutrient cycling, and

maintaining open habitats that support specialized plant and animal species.

2.Do you know that Implementing Integrated Pest Management (IPM) strategies, such as
biological control, crop rotation, and use of resistant varieties, reduces the need for chemical

pesticides and promotes natural pest control.
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https://www.downtoearth.org.in/factsheet/how-livestock-farming-affects-the-environment-
64218

10.8 TERMINAL QUESTIONS

Long Questions

1. What are quarrying and mining, and how do they affect ecosystems?

2. Explain in detail how ecosystems function.

3. Describe the effects that livestock and the regular building of new roads have on ecosystems.

4.Describe the various mitigation strategies for the impact of agriculture, mining and quarrying,
deforestation, livestock, and frequent construction of roads on ecosystems.

Short Questions

1. What is quarrying?

2.What is mining?

3.What is Biogeochemical Cycles?

4. Impact of Agriculture on Functioning of Ecosystem?

5. What do you mean by soil degradation?

Multiple Choice Questions

1.What is one of the primary environmental impacts of frequent construction of roads?
a) Increased biodiversity

b) Habitat fragmentation

c) Enhanced ecosystem resilience

d) Promotion of natural habitats

2.Which human activity is most directly associated with deforestation?
a) Agriculture

b) Mining and quarrying

c¢) Livestock farming

d) Road construction

3.How does livestock farming typically affect ecosystems?

a) Enhancing soil fertility

b) Decreasing greenhouse gas emissions
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c¢) Leading to overgrazing and land degradation

d) Promoting biodiversity hotspots

4.Which industry is likely to cause habitat destruction through its operations?
a) Renewable energy

b) Mining and quarrying

¢) Organic farming

d) Sustainable forestry

5.What is a significant consequence of deforestation on ecosystems?
a) Increase in carbon sequestration
b) Promotion of wildlife habitats

c) Loss of biodiversity

d) Stabilization of local climate patterns

Answer) 1.b, 2. a,3.c,4. b, 5.c
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11.1 OBJECTIVE

e Understand the concept of watersheds and their significance in regulating water flow
and quality in the Uttarakhand Himalaya region.

¢ You will be able to analyze the role of forests and vegetation in maintaining the health
and resilience of watersheds in Uttarakhand.

e Learners will be able to evaluate the impact of human activities such as deforestation,
urbanization, and agriculture on the functioning of watersheds in the Uttarakhand
Himalaya.

e Examine the relationship between watershed management practices and their influence
on water availability, soil erosion, and landslide mitigation in the Uttarakhand
Himalaya.

e Investigate the interconnectedness of watersheds with ecosystems, biodiversity, and
climate patterns in the Uttarakhand Himalaya, and how disturbances affect these

relationships.

11.2 INTRODUCTION

The Uttarakhand Himalaya, nestled in the northern reaches of India, boasts an unparalleled
natural beauty characterized by towering peaks, lush forests, and pristine waterways. Within
this breathtaking landscape lies a crucial ecological feature that plays a fundamental role in
sustaining life throughout the region: the watershed. Watersheds serve as the lifeblood of
ecosystems, regulating the flow of water, supporting biodiversity, and providing essential

resources for human communities.

In the context of the Uttarakhand Himalaya, understanding the functioning of watersheds is of
paramount importance due to the region's ecological fragility and wvulnerability to
environmental changes. The intricate interplay between geological formations, climatic
patterns, and human activities shapes the dynamics of watershed systems, influencing water

availability, soil stability, and ecosystem health.

This introduction sets the stage for a comprehensive exploration of the functioning of
watersheds in the Uttarakhand Himalaya, delving into the intricate web of interactions that

define these critical landscapes. From the pristine headwaters of mountain streams to the
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sprawling river basins that sustain agricultural livelihoods downstream, every aspect of the

watershed holds significance for both ecological integrity and human well-being.

Through a multidisciplinary lens encompassing hydrology, ecology, geology, and socio-
economic factors, this study aims to unravel the complexities of watershed functioning in the
Uttarakhand Himalaya. By gaining insights into the intricate relationships between natural
processes and human interventions, we can strive towards more informed and sustainable
management practices that safeguard the ecological health and resilience of this iconic

mountain region for generations to come.

11.3 FUNCTIONING OF WATERSHED IN UTTARAKHAND
HIMALAYA

The term "functioning of a watershed" refers to the dynamic and interconnected processes that
occur within a specific geographical area, known as a watershed or drainage basin. A watershed
encompasses all the land and water features that contribute to the flow of water to a common
outlet point, such as a river, lake, or ocean. Understanding the functioning of a watershed
involves examining the natural processes, human activities, and environmental interactions

within this defined area.
Key components of the functioning of a watershed include:

Precipitation: Rainfall and snowfall are the primary sources of water that enter a watershed.

Precipitation initiates the movement of water through various pathways within the watershed.

Infiltration and Runoff: After precipitation, water can either infiltrate into the soil or run off
the surface, depending on factors like soil type, vegetation cover, and topography. Infiltrated

water may recharge groundwater, while runoff contributes to surface water flow.

Surface Water Flow: Water moves over the land surface, forming rivers, streams, and other
watercourses that eventually converge into larger bodies of water, shaping the drainage patterns

of the watershed.

Groundwater Flow: Some water infiltrates into the soil and becomes part of the groundwater.
Groundwater contributes to streamflow, sustains baseflow in rivers, and may discharge into

surface water bodies.
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Vegetation and Land Cover: The types of vegetation and land cover within a watershed
influence water absorption, erosion control, and habitat provision. Vegetation plays a crucial

role in regulating water movement and maintaining ecosystem health.

Sedimentation and Nutrient Cycling: Watersheds are dynamic systems where sediments and
nutrients are transported, deposited, and cycled through various components. Sedimentation

can affect water quality, and nutrient cycling influences the health of ecosystems.

Human Activities: Human actions, such as agriculture, urbanization, and industrial processes,
can significantly impact the functioning of a watershed. Deforestation, pollution, and

alterations to natural drainage patterns are examples of human-induced changes.

Understanding the functioning of a watershed is essential for effective water resource
management, environmental conservation, and sustainable development. It involves
considering the interactions between natural processes and human activities within the
boundaries of a specific watershed, recognizing that changes in one part of the watershed can

have far-reaching effects on the entire system.
Concept of Watershed Functioning in Uttarakhand Himalaya:

The concept of watershed functioning in Uttarakhand Himalaya revolves around the
understanding of the dynamic interactions and processes that occur within the geographical
boundaries of this unique region. A watershed is defined as an area of land where all the water
drains to a common point, usually a river or lake. In the context of Uttarakhand Himalaya, it
involves comprehending the intricate relationships between precipitation, river systems,

ecosystems, human activities, and the delicate balance that sustains these vital landscapes.

The concept of watershed functioning in Uttarakhand Himalaya is an exploration into the
intricate web of natural processes, human activities, and environmental dynamics that shape
the destiny of this unique geographical region. At its core, a watershed is akin to a natural
boundary — an invisible hand that directs the flow of water, influencing the fate of ecosystems,

communities, and the overall health of the land.
1.Brief Introduction of Uttarakhand

On November 9, 2000, Uttarakhand was established as the latest Himalayan state in India,
formed by carving out the mountainous northwestern region of Uttar Pradesh. Covering an area

of 53,483 square kilometres, the state comprises nine mountainous districts and four southern

UNIT 11 FUNCTIONING OF WATERSHED WITH PARTICULAR REFERENCE TO UTTARAKHAND Page 232 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

districts—Udham Singh Nagar, Nainital, Haridwar, and Dehradun— which possess
considerable plains sections. The Uttarakhand Himalaya, nestled in the northern part of India,
is characterized by its breathtaking landscapes, diverse ecosystems, and the origin of major
rivers like the Ganges and Yamuna. The functioning of watersheds in this region is of
paramount importance, influencing not only the local environment but also the downstream

areas that depend on the perennial rivers originating from the Himalayas.
2. Geographic Setting of Uttarakhand

Uttarakhand is marked by a complex topography, with high mountain ranges, deep valleys, and
an intricate network of rivers and streams. The region is home to numerous watersheds, each
contributing to the overall hydrological cycle. The snow-capped peaks and glaciers in this area
serve as crucial water storage, releasing water gradually and sustaining the river systems

throughout the year.

Located in the central zone of Himalayas, Uttarakhand which forms the North-West border
area of the country, has international boundaries with China in the North and Nepal in the East.
In the north western corner of the state is Himachal Pradesh while Haryana celebrates its union
with the newly formed state with a gentle kiss. The state is surrounded by Uttar Pradesh for
most of its western and southern boundaries. This region is separated by Tons from Himanchal

Pradesh in the west and by river Kali in East from Nepal.

Geographically, Uttarakhand is situated between 77°34° to 81° 21’ East longitude and 28°43°
to 31° 27’ North latitude and measures about 358 km from East to West and 320 km from North
to South. Total area of this State is 53483 sq. km, which is 1.6 percent of the area of the country
and is ranked at 18" place.
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3. Precipitation and Snowmelt

The functioning of watersheds in Uttarakhand is heavily dependent on precipitation, including
both rainfall and snowfall. The snowmelt from the Himalayan glaciers is a significant source

of water, providing a steady supply to rivers and streams, especially during the dry months.

The precipitation pattern in Uttarakhand Himalaya is characterized by distinct seasonal
variations influenced by the region's geographical features and monsoonal dynamics. Here's an

overview of the precipitation pattern in Uttarakhand Himalaya:
Monsoon Season (June to September):

The primary source of precipitation in Uttarakhand is the Indian Summer Monsoon. During
this season, moist air from the Arabian Sea is drawn towards the Himalayas, resulting in heavy
rainfall across the state. The southwestern monsoon winds bring intense downpours, especially

in the foothills and lower elevations.
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Winter Season (December to February):

Winter in Uttarakhand brings a different type of precipitation — snowfall. The higher reaches
of the Himalayas, including popular destinations like Auli and Nainital, receive significant
snowfall during these months. The snow not only enhances the scenic beauty but also

contributes to the region's water resources.
Pre-Monsoon and Post-Monsoon Seasons (March to May and October to November):

These transitional periods witness comparatively lower precipitation levels. Pre-monsoon
showers may occur in some regions, and post-monsoon months may experience sporadic

rainfall. However, these seasons are generally drier compared to the monsoon period.
Orographic Effect:

The orographic effect plays a crucial role in precipitation distribution. As moist air is lifted over
the Himalayas, it cools, leading to condensation and increased rainfall on the windward side.
The southern slopes of the Himalayas in Uttarakhand, including areas like Dehradun and

Mussoorie, tend to receive more precipitation due to this orographic effect.
Spatial Variability:

Precipitation patterns vary spatially across Uttarakhand. The western regions, including
Garhwal, often receive more rainfall than the eastern regions of Kumaon. The diverse
topography, including wvalleys, plateaus, and high mountain ranges, contributes to this

variability.

Understanding the precipitation pattern in Uttarakhand Himalaya is crucial for water resource
management, agriculture, and disaster preparedness. Monitoring these patterns helps
authorities and communities prepare for potential floods or landslides during the monsoon
season and ensures sustainable utilization of water resources in this ecologically sensitive and

picturesque region.
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4. River Systems

The major rivers originating in Uttarakhand, such as the Ganges, Yamuna, Bhagirathi, and
Alaknanda, carve through the landscape, shaping the watersheds. The intricate network of
tributaries and streams further contributes to the complexity of the watershed dynamics. These
rivers not only serve as sources of freshwater but also support rich biodiversity along their
courses. The Uttarakhand region serves as the perpetual reservoirs of water for most of the
river which are of immense value to the northern India. The region is drained by numerous
rivers and rivulets, locally known as ’gad’ gadhera or raules. These rivers flow parallel to the

mountains but at some places, these rivers turn into scute bend resulting in the formation of

deep gorges.
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Fig 11. 2; Major River of Uttarakhand, Source: Google
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Important Rivers of the Uttarakhand
River Origin
Alaknanda Alkapuri (Dev Tal)
Saraswati Dev Tal
Dhauliganga (W) Kuling (Niti Pass)
Birahiganga Nandaghunti
Nandakini Trishul Massif
Pindar Pindar Glacier
Mandakini Kedar Himal
Bhagirathi Gomukh
Bhilanganga Bharti Kantha
Yamuna Yamunotry Glacier
Tons Bander Punch (Northern Slope)
Ramganga (West) Dudhatoli range
Ramganga (East) Namik Glacier
Rawasan Nadi Kher-Pokhari danda
Malin Chandikhal (Western Slope)
Sukh Rao Ramri peak (Western Slope)
Nayer(W) Dudhatoli Range
Nayer(E) Dudhatoli Range
Kali Lipu Lekh
Dhauliganga(E) Gowan-Khana Glacier
Saryu Baijnath

The whole river system of the Uttarakhand region falls under the following systems:

Drainage Systems of Uttarakhand

a) The Ganga System

b) The Yamuna System
c) The Ramganga System
d) The Kali System
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a) The Ganga System

The Alaknanda and the Bhagirathi, after joining at Devprayag are conclusively called the
Ganga and it finally descends into the plains at Haridwar. The river has cut across the Shiwalik
hills of Haridwar to enter the plains of northern India. The Bhagirathi and the Alaknanda
originate from the opposite sides of the Chaukhamba peak. After flowing in the opposite
directions, they bend towards Devprayag, forming a garland shape. The whole ganga system

may be divided into three main sub systems.

I.  The Alaknanda sub-system
II.  The Bhagirathi sub-system
I1I. The Nayar sub-system

1 Jad Ganga 2 AsiGanga
3 Bhagirathi 4 Bhtangana
§ Dhauli Ganga (W) 6 Nandakini

7 Pindar 8 Mandakin|
9 Alaknanda 10Nayar
11Ganga

— Biver
Bhageath Rrver Basem
Ganga River Sub Basn
Alskrancy Ruet Basn

" — Distnct Boundary

www villageirfSmationsystem oeg

GIS Laboratory

Figl1.3: Ganga River System, Source: Google

I. The Alaknanda sub-system: The Alaknanda is the main river of the Ganga system which
bubbles out from Alkapuri glacier (Devtal). The Saraswati river which also originates at
Devtal, meets the Alaknanda near Mana village, about 3 km north of Badrinath temple. The
Dhauliganga takes its origin from kuling in Niti and joins the Alaknanda at Vishnuprayag. The
Girthi Ganga and Rishi Ganga are the main tributaries of Dhauliganga. The Alaknanda flows
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in a narrow gorge from Vishnuprayag to Pakhi. The most important tributaries of the Alaknanda

are: Mandakini, Nandakini, Pinder, Birahi Ganga

II. The Bhagirathi sub-system: The Bhagirathi originates from the Gomukh after flowing for
about 18 km westwards, river Janhavi meets it at Bhaironghati. Major part of the Uttarkashi

and Tehri districts is drained by this system.

The main tributaries of the Janhavi are- Barigun Gad and Chor Gad. The Bhagirathi flows
almost in north to south direction between Harsil, Maneri and Dunda, the river flows in almost
east- west direction for about 30 km. The Jalandhari Gad, Siya Gad and Pilang Gad are the
main tributaries of the Bhagirathi between Harsil and Maneri. The Dhaneri, Nagun Gad and

Jalkur rivers are the tributaries between Dunda and Tehri.

Bhilangana is the main tributary ofthe Bhagirathi. This river originates from the Bharti Kantha
in the north-eastern part of the Tehri district and joins the Bhagirathi at Ganeshprayag, near
Tehri. Balganga is the main tributary of the Dharam Ganga, Chanji Gad, Nailchami Gad, etc.
The Bhilanganga river system drains eastern part of Tehri district. The Bhilanganga and
Bhagirahi have formed deep and broad valleys with extensive river terraces; like- chham,

Pilkhi, Chamiyala, Sirain etc.

III. The Nayar Sub- System: The Nayar, consisting of two branches, the western and the
eastern Nayar, is a compact system of drainage which drains most part of the Pauri Garhwal

district. Both the river- branches rise in the Dudhatoli range.

The western Nayar at first flows almost due north but soon turns to the west and south-west
and after draining for about 77 km, finally reaches the junctions at Bhatkholi, near Satpuli. The
eastern Nayar flows south-west as far as kainyur, near Thalisain, then southward till it reaches
the border of Khatli Patti, and then turns sharply to the west and north-west till it reaches the
junction. Its total length is about 129 km. After the confluence of these two rivers near Satpuli,
the united stream then flows for about 32 km in the north western direction and meets the ganga
near Vyasghat. The upper part of the Nayar valley is wide thickly populated villages but the

lower valley generally passes through steep hill sides and hence, is less cultivated.
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b) The Yamuna System

Yamuna river rises from Yamunotri Glacier which lies on the south-west slope of the Bander-
Pinch peak. It drains the western part of Uttarkashi district, a small western part of the Tehri

Garhwal and about two-third western parts of the Dehradun.

After draining most of the parts of Uttarkashi district, the Yamuna touches the western
boundary of the Tehri district at village Bhatgaon. Here, it separates the Dehradun district from
north-west. The Badri Gad and the Aglar-Gad are the two important tributaries of Yamuna in
Tehri district which, after rising from the Nagtibba and the Sirkanda peaks, join the Yamuna
from its left near Parogi and Bhandan respectively. In Tehri district, only western parts of the

Jaunpur block drained by the Yamuna system.

Tons is a major tributary of the Yamuna in the Himalayan region. The Tons originates from the
northern slope of the Bander- Punch peak and flowing in a valley north-west of the Yamuna,
joins the latter below kalsi and there after the Yamuna enters the plains. From kalsi, the Yamuna
flows along the boundary with Himanchal Pradesh, west of district Dehradun. The Tons, though

is a tributary of the Yamuna, yet it brings nearly double the volume of water of the Yamuna.
¢) The Ramganga System

A number of small streams originating from the Chorkhalder and the Khankarkhet ridges of
the Dhudhatoli range form the upper tip-tributaries of the Ramganga. As soon as it flows
eastwards from Mahalchauri, the river reaches in the Almora district and draining through
Chaukhutiya, Masi and Bhikiyasain, it again enters the district of Pauri Garhwal, a little ahead
of Dewal. The Mandal river meets the Ramganga at Laharchaur and a little below the Plain
Nadi traversing through the Patali dun, meets the Ramganga at Buksar. It enters the Bhabar
area at Kalagarh and further drains the Bijnor district.

d) The Kali System

In kumaon region, kali is the important river. Kali drains eastern kumaun and western Nepal.
It enters the plains at Baramdeo about Skm north-east of Tanakpur, from where it is known as
Sharda river. Goriganga, Saryu, Ladhiya and Lohawati are important tributaries of the kali

river.
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5. Biodiversity and Ecosystem Services

The diverse ecosystems within the Uttarakhand Himalaya watershed provide a range of
ecosystem services. Forests, alpine meadows, and wetlands contribute to water purification,
soil stability, and habitat for numerous plant and animal species. The functioning of watersheds

is intricately linked to the health of these ecosystems.

The ecosystems within the Uttarakhand Himalaya watershed play a vital role in providing a
diverse array of ecosystem services that are crucial for the well-being of both the environment
and human communities. The intricate relationship between the various ecosystems, including
forests, alpine meadows, and wetlands, is fundamental to the functioning of watersheds,

influencing their health and resilience. Here's an explanation of this interconnectedness:
Water Purification:

Forests act as natural filters, purifying water as it percolates through the soil. The roots of trees
and other vegetation help trap sediments and filter out pollutants, contributing to the high-
quality freshwater that feeds into rivers and streams. Wetlands also play a crucial role in water

purification by trapping pollutants and enhancing water quality.
Soil Stability and Erosion Control:

The extensive root systems of trees in the forests and other vegetation help bind the soil,
preventing erosion. Forests act as a natural barrier against landslides and soil erosion,
maintaining the stability of the soil. Alpine meadows, with their dense grass cover, further

contribute to soil retention and stability.
Biodiversity Habitat:

The diverse ecosystems within the watershed provide habitats for a wide range of plant and
animal species. Forests are home to various flora and fauna, including endemic and endangered
species. Alpine meadows support unique plant life adapted to the harsh mountain environment,

and wetlands are critical habitats for migratory birds and other aquatic species.
Carbon Sequestration:

Forests, in particular, serve as essential carbon sinks, absorbing carbon dioxide during
photosynthesis and storing carbon in biomass and soil. This helps mitigate the impacts of

climate change by reducing the concentration of greenhouse gases in the atmosphere.
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Regulation of Water Flow:

The vegetation in forests and alpine meadows plays a crucial role in regulating water flow
within the watershed. They act as natural sponges, absorbing and releasing water gradually,
which helps in preventing both floods and droughts. Wetlands also contribute to regulating

water levels and mitigating the impacts of extreme weather events.
Cultural and Recreational Value:

These ecosystems have cultural significance for local communities and offer recreational
opportunities for residents and tourists alike. Forests, alpine meadows, and wetlands contribute

to the aesthetic beauty and spiritual value of the region.

The health and functioning of watersheds, which are essential for the sustainable provision of
water resources, are intricately linked to the integrity of these ecosystems. Human activities
that compromise the health of these ecosystems, such as deforestation, unsustainable land use,
or pollution, can have cascading effects on the water quality, soil stability, and overall
ecological balance within the Uttarakhand Himalaya watershed. Therefore, conservation and
sustainable management of these ecosystems are imperative for ensuring the continued

provision of ecosystem services and the overall well-being of the region.
6. Climate Change Impacts

The Uttarakhand Himalaya is vulnerable to the impacts of climate change, including shifts in
precipitation patterns, glacier retreat, and altered hydrological cycles. These changes have
implications for the functioning of watersheds, affecting water availability, ecosystem

dynamics, and the livelihoods of local communities.
7. Human Interactions and Land Use

Human activities, such as agriculture, tourism, and urbanization, play a crucial role in shaping
the functioning of watersheds. Deforestation, land-use changes, and infrastructure development
can disrupt natural processes, leading to issues like soil erosion, increased sedimentation, and

altered water quality.
8. Sustainable Watershed Management

Recognizing the importance of sustainable watershed management is crucial for the

Uttarakhand Himalaya. Implementing practices that balance ecological conservation with
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human needs is essential. This involves community engagement, afforestation programs, and

the promotion of eco-friendly tourism practices.
Significance of Studying Watershed Functioning in Uttarakhand Himalaya:

The significance of studying watershed functioning in Uttarakhand Himalaya lies in its crucial
role in sustaining life, ecosystems, and the well-being of both the environment and local
communities. The Ganges and Yamuna, originating in this region, are not only lifelines for
millions downstream but also hold immense cultural and spiritual significance. Understanding

watershed functioning is essential for:

Water Resource Management: Effective management of water resources is vital for
agriculture, drinking water supply, and overall sustainable development in Uttarakhand and

downstream regions.

Ecosystem Health: Watershed functioning directly influences the health and resilience of

ecosystems, including forests, wetlands, and diverse flora and fauna.

Community Livelihoods: Traditional agricultural practices, dependent on watershed health,
contribute to the livelihoods of local communities. Sustainable watershed management ensures

the continuity of these practices.

Biodiversity Conservation: Uttarakhand's unique ecosystems are home to a diverse range of

plant and animal species. Protecting watershed health is integral to preserving biodiversity.

Climate Change Adaptation: The region is vulnerable to climate change impacts, including
altered precipitation patterns and glacial melt. Studying watershed functioning aids in

developing adaptive strategies to mitigate these effects.

Cultural and Spiritual Heritage: The Ganges, considered sacred by many, has immense
cultural and spiritual significance. Maintaining the health of its watershed is crucial for

preserving this heritage.

Sustainable Development: Balancing human activities with environmental conservation is
vital for sustainable development. Watershed studies guide policies and practices that promote

this balance.

In essence, the significance of studying watershed functioning in Uttarakhand Himalaya goes
beyond the scientific understanding of hydrological processes. It encompasses environmental

sustainability, cultural preservation, and the overall well-being of the region and its people.
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Some of the major watershed development programme initiated in the Uttarakhand

1875-1947
Pre-independence  colonial

rule

Transformation of a

traditional forest cum

agrarian subsistence
ecosystem into a supply zone
of raw material under British

rule

The government attempted to
gain total access to forest
resources and reduced or
divested local communities
of ownership of common
resources. They deliberately
promoted individuals rather
than communities, causing
the failure of traditional
societal control mechanisms.
The of

introduction

commercial crops — tea,

apples, potatoes, etc. and
clear cutting of forests began.
At the same time rail and
road links were enhanced in
the region, while the
recruitment of young men

into the army began.

1947

Post- independence, self rule

Agriculture development

given top priority

Schemes introduced in the

country’s  5-year  plans
focused on institutional and
infrastructure initiatives
including drinking water,
health, irrigation
development,

Shift to HYV fertilizer based

agriculture.
agriculture. Jamidari
Abolition Acts led to the
redistribution of land, which

had mixed impacts in
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traditionally managed

community lands in the state.

Government interventions on
forest and common lands

management

Numerous government
initiated interventions under
social forestry programmes
increased plantations on

degraded village forests.

Numerous forest legislations

passed

Various rules and regulations
of the FD sat heavily upon
local, traditional systems of
management, and
contributed to the loss of
sustainable

management

systems.

1958

SCU set up in Tehri town

A Soil Conservation Unit set

up in the town of Tehri

1962

Indo-China war along the

borders of the present state

The war led to improved
border roads in rural regions
and increased employment
for local men in the army.
However, centuries old trade
routes in the high altitudes
and remote alpine regions till
Tibet were blocked and all
trade ceased, causing a major
shift in the regions economy,
and increased migration of
able bodied men. Traditional
trade had mainly functioned
in medicinal plants, salt, oils,
gems, fibre and forest

products
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1970-73

Alaknanda river floods

The floods, caused by the
bursting of a lake created by
landslides, devastate
downstream regions and take

many lives

1973

Chipko Andolan initiated

Women cling to trees to stop

their cutting.

1978

Bhagirath river floods

Devastation downstream
caused the constitution of a
high level

Working Group by the
Government of India for
flood control in Ganga —
Yamuna basin.
Recommendations led to a
number of  initiatives,
inserted into the Sixth Five

Year Plan

The Land Survey Directorate
was created at Dehradun,
which
watersheds of Uttarakhand in

mapped the

detail

1979

Submission of
recommendation report by

the Central Working Group

1980

Ban on clear cutting of
mountain

1000m

forests in the
regions  above

altitude

Around this time the
watershed was being
recognized as the unit of
work for all national

agencies of the country.
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First ever integrated WSD
projects initiated as 3 major
WSD programmes in

Uttaranchal state

IWMP: in Flood Prone River
Valleys

HWMP: in the Nayar and
Saryu watersheds and Panar
South WS South Bhagirathi

Project

1981

Presentation of the ‘Overall
Development Plan’ by the
Forest

Department of the erstwhile

UP state

Decision of the forest
department of the erstwhile
UP government to get work
done on the basis of
watershed areas through a
‘multidisciplinary force’
under an administrative
authority in an integrated
manner in mountain areas
based on the overall plan.
Decision to treat the entire
mountain region on the basis

of micro-watersheds

Establishment of Watershed
Management Directorate at
state level, financed by an
EEC project

The directorate begins work
on 1103 identified

watersheds across the state,

on a priority basis.

1982-88

Himalayan

Watershed

integrated
Management Project
financed by the

World Bank

Districts Pauri and Almora
(75 MWS), 2867 sq. km.,
Expenditure — Rs. 80.49
crore, Execution — through

line
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departments upto the year

1987-88
1983-92 Himalayan integrated | Districts Pauri and Almora
Watershed (75 MWS), 2867 sq. km.,
Management Project | Expenditure — Rs. 80.49
financed by the crore, Execution — through
World Bank line
departments upto the year
1987-88
1986 NWDPRA initiated National Watershed

Development Programme for

Rainfed Areas initiated

1988 Policy on Eco-development | After the mid-term review of
initiated the Himalayan Integrated

Watershed Management
Project, execution of the
project by the project by the
project administration under

the “Unified

Command
1988-96 South Bhagirathi Phase II | South Bhagirathi Phase II
initiated financed by the EEC, Area —

District Tehri Garhwal (18
MWS), 356 sq. km,
Expenditure — Rs. 19.56
crore, Execution — by the
project administration under
the Unified command

1992-93 HARC Farmers trainings in

watershed training activities

initiated
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1993-2001

Doon Valley Watershed
Management

financed by the EEC

Project

District Dehradun, Tehri and
Nainital (62 MWS), 2408
sgkm, expenditure Rs.102.12
crore, Execution by project
administration under Unified
command. Construction,
implementation and
evaluation of rural schemes
at village level.
Implementation of works on
basis of community
participation, Constitution of
Gram Resource Management
Association (GARIMA) and
self help groups, Village
Resource Management Plan
for sustainability of created

assets.

1996

CAPART, Government of

India

Programme for involving
Voluntary
(VOs) for

development initiated. Small

Organisations

watershed

scale projects up to 1000ha.
CAPART establishes PSI as a
training and support VO

1997

An NGO — Peoples Science
Institute, Dehradun started
training for the first batch of
VOs funded by CAPART on
watershed development

projects.

Approx 1000 ha each. 5
organisations. SBMA,
SMTA, Gomti Jan

Vikas  Parishad,

Disha, UIRDC, (Uttaranchal

Kalian

Integrated
Rural
Youth Centre)

Development and
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1999-2005 Integrated Watershed | Districts Pauri, Udhamsingh
Development Project | Nagar and Nainital (24
(IWDP) initiated MWS), 1573 sq km,

expenditure Rs. 189 crore.
Planning,  implementation
and evaluation of rural
schemes at village level,
Implementation of

project works on the basis of
Community  participation,
Constitution  of  Gram
Resource Management
Association

(GARIMA) and self help
groups, Village Resource
Management  Plan  for
sustainability of created
assets, Beneficiary
contribution also. NGO
involvement and VLI
strengthening. Income
generation and micro
enterprises encouraged.
Numerous NGOs joined the
project, implementing it

across the state. WB funded

2000 The state of Uttarakhand is

formed, breaking off from

Uttar Pradesh

2004-2011 The Uttaranchal | Again, many NGOs are part
Decentralized of the programme, through
Watershed Development | some from the first phase
Project dropped out
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(UDWDP)
2003-2012 IFAD or the Ageevika | 8 years livelihood project
Project funded by the WB
2002-2007 SRTT Watershed Initiative
Phase |
2008-2011 SRTT Watershed Initiative
Phase 11

11.4 SUMMARY

The functioning of watersheds in the Uttarakhand Himalaya is crucial for sustaining ecological
integrity and supporting human livelihoods. These watersheds regulate the flow of water,
maintain soil stability, and nurture biodiversity within the region. However, they face threats
from deforestation, urbanization, and agricultural practices, which can lead to erosion,
landslides, and water scarcity. Effective watershed management strategies are essential to
address these challenges and ensure the continued health and resilience of the Uttarakhand
Himalaya's ecosystems. Through interdisciplinary approaches integrating hydrology, ecology,
and socio-economic factors, efforts can be made to conserve and sustainably manage these vital

landscapes for the benefit of both nature and communities.

11.5 GLOSSARY

MCT: The Main Central Thrust is a major geological fault in the Himalayas where older rocks
from the Indian plate are thrust over younger rocks of the Eurasian plate, resulting in significant

tectonic uplift.

Runoff: Runoff refers to the movement of water over the land surface, typically as a result of
precipitation, which does not infiltrate into the soil or evaporate, and eventually flows into

streams, rivers, lakes, or oceans.

Orographic: Orographic refers to meteorological phenomena or features influenced by the
topography of mountains, particularly the effects of elevation on weather patterns, such as

precipitation enhancement on windward slopes and rain shadow effects on leeward slopes.
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Monsoon: A monsoon is a seasonal wind pattern characterized by a shift in wind direction and
intensity, typically associated with heavy rainfall and distinct wet and dry seasons, commonly

observed in tropical and subtropical regions.

River System: A river system refers to a network of interconnected rivers and streams, along
with their tributaries and associated landforms, that collectively drain water from a specific

watershed into a larger body of water such as an ocean or a lake.

11.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you know the orographic effect plays a crucial role in precipitation distribution. As moist
air 1s lifted over the Himalayas, it cools, leading to condensation and increased rainfall on the
windward side.

2. Do you know that the Forests, in particular, serve as essential carbon sinks, absorbing carbon
dioxide during photosynthesis and storing carbon in biomass and soil. This helps mitigate the
impacts of climate change by reducing the concentration of greenhouse gases in the
atmosphere.
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11.8 TERMINAL QUESTIONS

Long Questions

1. What is a watershed, and what are the key components of the functioning of a watershed?

2. Give a detailed explanation of how the watershed system works in the Himalayas of

Uttarakhand.

3. Explain the major river system of Uttarakhand Himalaya.

Short Questions

1. What is Orographic Effect?

2. Write a short note on Ramganga River system?

3. Write a short note on The Ganga River System?

4. What is the significance of studying watershed functioning in Uttarakhand, Himalaya?
5. Describe in 200 words about the impact of climate change in Uttarakhand Himalaya?
Multiple Choice Questions

1. What is the primary function of a watershed in the Uttarakhand Himalaya?

a) Providing recreational opportunities

b) Regulating water flow

c¢) Supporting agricultural activities

d) Facilitating urban development

2. Which of the following is a characteristic feature of watershed management in the

Uttarakhand Himalaya?
a) Focus solely on urban development
b) Dependence on heavy industrialization

c) Integration of traditional ecological knowledge
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d) Negligence of environmental concerns

3. How does deforestation impact the functioning of watersheds in Uttarakhand Himalaya?
a) Increases water availability

b) Decreases soil erosion

c) Disrupts natural water flow patterns

d) Enhances biodiversity

4. Which factor contributes significantly to the vulnerability of watersheds in Uttarakhand

Himalaya?

a) High levels of industrialization
b) Climate change impacts

c¢) Absence of human settlements
d) Minimal agricultural activities

5. What role do traditional water harvesting techniques play in the functioning of watersheds

in Uttarakhand Himalaya?

a) They accelerate soil erosion

b) They enhance water availability

¢) They have no impact on watershed dynamics
d) They contribute to deforestation

6. Which of the following is a common threat to the biodiversity of watersheds in Uttarakhand

Himalaya?

a) Sustainable land management practices
b) Excessive use of pesticides

c¢) Promotion of eco-friendly tourism

d) Preservation of natural habitats
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7. How does the conservation of forests contribute to the functioning of watersheds in

Uttarakhand Himalaya?

a) Decreases soil moisture retention
b) Increases soil erosion

c¢) Maintains ecological balance

d) Leads to desertification

8. What is the significance of community participation in watershed management in

Uttarakhand Himalaya?

a) It hinders sustainable development efforts

b) It ensures local ownership and sustainability

¢) It promotes centralized decision-making

d) It leads to overexploitation of resources

9. Which factor is essential for successful watershed management in Uttarakhand Himalaya?
a) Dependence solely on governmental interventions

b) Disregard for indigenous knowledge systems

c¢) Collaboration among various stakeholders

d) Neglect of environmental laws

10. What is the primary objective of watershed management initiatives in Uttarakhand

Himalaya?

a) Maximizing industrial growth

b) Minimizing community involvement

c¢) Ensuring sustainable use of natural resources
d) Promoting urbanization

Answers) 1.b,2.¢,3.b,4.b,5.b,6.b,7.¢,8.b,9.c, 10.c
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BLOCK 5 WATERSHED MANAGEMENT

UNIT 12 - ENVIRONMENTAL IMPACT ASSESSMENT
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12.3 ENVIRONMENTAL IMPACT ASSESSMENT
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12.7 REFERENCES
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12.1 OBJECTIVES

After reading this unit, the learner should be able to understand the following objectives that:

e Meaning and definition of Environmental Impact assessment (EIA),
e The development of EIA in world as well as in India,

e Principles of EIA.

12.2 INTRODUCTION

Environmental Impact Assessment (EIA) is a vital process used worldwide to evaluate
the potential environmental consequences of proposed projects. Whether it's building a new
highway, constructing a dam, or establishing an industrial facility, EIAs play a crucial role in
understanding and mitigating the environmental impacts of such undertakings. At its core, EIA
aims to identify, predict, and assess the potential positive and negative impacts of a proposed
project on the environment and surrounding communities. By examining various factors such as
air and water quality, biodiversity, land use, and social well-being, EIAs provide valuable

insights into the overall sustainability and feasibility of a project.

The importance of EIA lies in its ability to foster sustainable development by balancing
economic growth with environmental protection. Through thorough analysis and stakeholder
engagement, EIAs help decision-makers understand the trade-offs involved in development
projects and guide them towards more environmentally responsible solutions. One key aspect of
EIA is its emphasis on proactive planning and risk management. By identifying potential
environmental risks early in the project lifecycle, stakeholders can incorporate appropriate
measures to minimize or mitigate these risks. This proactive approach not only protects the
environment but also reduces the likelihood of costly delays and legal disputes during project

implementation.

Furthermore, EIAs serve as a crucial tool for promoting transparency and public
participation in decision-making processes. By involving local communities, indigenous groups,
and other stakeholders from the outset, EIAs ensure that their concerns and perspectives are

taken into account, leading to more inclusive and equitable outcomes. In recent years, the scope
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of EIA has expanded to address emerging environmental challenges such as climate change,
biodiversity loss, and resource depletion. As a result, modern EIAs often incorporate techniques
such as climate change impact assessments, ecological footprint analysis, and cumulative effects
assessment to provide a more comprehensive understanding of a project's environmental

footprint.

In brief, EIA is a cornerstone of responsible and sustainable development. By
systematically evaluating the environmental implications of proposed projects and fostering
stakeholder engagement, EIAs help ensure that development initiatives are pursued in a manner

that minimizes harm to the environment and maximizes long-term societal benefits.

12.3 ENVIRONMENTAL IMPACT ASSESSMENT

Meaning and Definition of EIA

Environmental Impact Assessment (EIA) is a process where we check how something we
want to build or do might affect nature. It looks at things like air, water, plants, and animals to
make sure our actions would not harm them too much. It helps us understand and minimize any

bad effects on the environment before we start a project.

DoE (1989) describes 'environmental assessment' as a technique and a process to collect the
information by the developer and other sources about environmental effects of a project and this
information is considered by planning authorities in shaping their judgments whether the project

should ahead or not.

Development of EIA Concept

The Environmental Impact Assessment (EIA) process has proven to be a successful and
valuable innovation in environmental conservation during the twentieth century. Today,
numerous countries have formally adopted this process. The USA led the way with the formal
recognition of EIA in 1969 through the implementation of the National Environmental Policy
Act (NEPA). Since then, it has been expanded in various forms to most countries around the
world. NEPA, enacted on January 1st, 1970, marked the first comprehensive environmental

legislation in the United States.

UNIT 12 ENVIRONMENTAL IMPACT ASSESSMENT Page 258 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

Spread of EIA Concept in the World: The introduction of NEPA in the USA laid the
groundwork for the development of Environmental Impact Assessment (EIA) systems
worldwide. It began in countries like Canada, Australia, and New Zealand in the early 1970s,
followed by West Germany in 1975 and France in 1976. Later, it spread to underdeveloped
nations. The adoption of a European Directive on EIA in 1985 prompted many European
countries to enact EIA legislation in the late 1980s. In Africa and South America, there was a

significant increase in EIA regulations and guidelines in the early 1990s.

Development of EIA in India: India has made significant efforts to implement the globally
recognized principles of the Rio Declaration. Among the twenty-seven principles outlined in the
Rio Declaration is the requirement for conducting Environmental Impact Assessments (EIA) for
activities that may have detrimental effects on the environment (UN 1992). India has established
a legal and institutional framework for the application of EIA as a crucial tool to achieve its

sustainable development goals.

The journey towards this began in India with the assessment of the environmental
impacts of river valley projects in 1978-79. Prior to this, issues related to the environment and
forests fell under the jurisdiction of the Department of Science and Technology (DST) and
agriculture, respectively. The Planning Commission in 1978-79 tasked the Department of
Science and Technology with evaluating river valley projects from an environmental standpoint.
In 1985, the Department of Environment was upgraded to a full-fledged ministry. Until 1994,

environmental clearance was solely an administrative decision lacking legislative support.

Subsequently, in January 1994, the Ministry of Environment and Forests (MoEF) issued
an Environmental Impact Assessment (EIA) notification, outlining 30 projects under central
government jurisdiction requiring Environmental Clearance. This mandate applied to the
expansion, modernization, or establishment of new ventures such as nuclear power plants, ports,
airports, refineries, synthetic rubber production, and river valley projects listed in Schedule 1 of
the notification. Notably, public hearings became mandatory for large projects for the first time
(UNEP, 2003). Project proponents were required to submit an environmental assessment report,
an Environment Management Plan (EMP), and documentation of public hearings. Additionally,

the Ministry of Environment and Forests had the option to seek input from a panel of experts.
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The Scope and Purpose of EIA

Scope of EIA: The scope of an Environmental Impact Assessment (EIA) is all about figuring out
how a project might affect the environment. It involves looking at things like air quality, water
resources, biodiversity, ecosystem, animals, and people living nearby. Basically, it is a way to
understand the potential impacts of a project on the natural world and the communities around it

before the project actually gets started.

The Purpose of EIA: Environmental Impact Assessment (EIA) is like a guidebook for
understanding how projects might affect the environment. It helps decision-makers figure out if a

project is a good idea or not, considering its impact on nature. Here is why it is important:

e Decision-making aid: EIAs provide information about the potential environmental
effects of a proposed project. This helps decision-makers, like government officials or
company executives, make informed choices about whether to go ahead with the project
or make changes to minimize harm.

e Formulation of development action: By identifying potential environmental risks and
suggesting ways to avoid or mitigate them, EIAs help in planning and designing projects
in a way that minimizes negative impacts on the environment. This can include things
like choosing alternative locations, using different technologies, or implementing specific
measures to protect wildlife or ecosystems.

e Instrument for sustainable development: EIAs play a crucial role in promoting
sustainable development by considering the long-term effects of projects on the
environment, economy, and society. By evaluating the environmental consequences of
various development options, EIAs help ensure that projects meet the needs of the present
without compromising the ability of future generations to meet their own needs. In other
words, they help strike a balance between development and environmental protection,

ensuring that progress is both beneficial and sustainable.

Principles of EIA
The precautionary principle is important when an activity could potentially harm human
health or the environment. Even if the cause-and-effect relationship is not completely proven by

science, it is wise to take precautions. Additionally, the polluter pays principle holds those
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responsible for pollution accountable for environmental damage. The guiding principles of EIA

are given below:

Participation: People who might be affected by a project have the right to give their opinions
and be involved in the decision-making process.

Transparency: Information about the project, its impacts, and decision-making processes should

be easy to access and understand for everyone involved.

Certainty: Clear guidelines and standards should be in place so everyone knows what to expect
and what is required.

Accountability: Those responsible for the project should be answerable for their actions and

decisions, ensuring that they follow regulations and fulfill their commitments.

Credibility: Information provided in the assessment should be trustworthy and based on reliable
data and expertise.

Cost-effectiveness: The assessment process should balance the need for thoroughness with the

resources available, ensuring that it doesn't become overly expensive or burdensome.

Flexibility: The process should be adaptable to different situations and projects, allowing for
adjustments based on specific circumstances.

Practicality: The assessment should focus on realistic and achievable goals, considering
practical solutions to address environmental concerns while still allowing the project to move

forward smoothly.

12.4 SUMMARY

Environmental impact assessment is like a check-up for the environment before starting
big projects, like building roads or factories. It helps us understand how these projects might
affect nature, like animals, plants, water, and air. By studying the impacts, we can find ways to

lessen any harm and protect our environment for everyone.

In this unit, we explored Environmental Impact Assessment (EIA), delving into its
evolution, various procedural steps, and objectives. Additionally, we examined the guiding

principles that govern the entire EIA process. We traced the historical development of EIA,
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starting from its inception in the NEPA act in the USA, and its adoption in other developed
nations such as Canada, Germany, and the UK, culminating in its implementation in India. We
learned how EIA serves as a tool for achieving sustainable development and aids decision-
makers in making informed choices. Consequently, environmental impact assessment emerges as

a vital management tool, ensuring the optimal and sustainable utilization of natural resources.

12.5 GLOSSARY

Assessment: Evaluating or judging something to understand its characteristics or effects.

Biodiversity: The variety of living organisms in a particular area, including plants, animals, and

microorganisms.
Ecosystem: A community of living organisms and their environment, interacting as a system.
Environment: Everything around us, like air, water, plants, and animals.

Environmental Impact Assessment (EI1A): A process to study how projects like building roads,
factories, or dams might affect the environment before they're built.

Environmental Impact Statement (EIS): A detailed report that summarizes the findings of an
EIA, including potential environmental effects of a proposed project and ways to reduce or avoid

harm.

Environmental Management Plan (EMP): A plan outlining how a project will be carried out
in a way that minimizes harm to the environment and ensures compliance with environmental

regulations.
Impact: The effect or influence something has on another thing.

Mitigation: Actions taken to reduce or lessen the negative impacts of a project on the

environment.

Public Consultation: Involving the community and stakeholders in the decision-making process

by seeking their opinions and feedback on proposed projects and their potential impacts.

Stakeholders: People or groups who have an interest in or might be affected by a project, like

local communities, environmental organizations, or government agencies.
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Sustainability: Using resources in a way that meets current needs without compromising the

ability of future generations to meet their own needs.

12.6 ANSWER TO CHECK YOUR PROGRESS

1. The environmental impact assessment evaluates the effects of human activities on the
environment.

It assesses how proposed projects may impact air quality through emissions.

The assessment considers potential water pollution from project activities.

It examines soil degradation risks associated with construction or development.

Wildlife habitats are evaluated to understand potential disruptions.

o g ~ w D

Noise levels from project operations are analyzed for their impact on nearby

communities.

7. The assessment looks at the potential for visual pollution, such as unsightly structures or
landscapes.

8. It considers the risk of accidents and their environmental consequences.

9. The assessment evaluates the sustainability of resource use, like water and energy.

10. It assesses the potential for greenhouse gas emissions and their contribution to climate
change.

11. Biodiversity loss is a crucial aspect evaluated in the assessment.

12. The impact on local communities, including social and cultural aspects, is examined.

13. The assessment investigates waste generation and disposal methods.

14. It considers the potential for land use conflicts and displacement of communities.

15. Overall, the environmental impact assessment aims to ensure sustainable development by

minimizing negative environmental effects and maximizing positive outcomes.
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12.8 TERMINAL QUESTIONS

Long Questions

1. Discuss the concept, scope and principles of environmental impact assessment. Elaborate
in your own words.

2. Describe the development of environmental impact assessment in world as well as in our
country India.

3. Discuss the significance of environmental impact assessment for environmental

sustainability.

Short Questions

What is the primary goal of an Environmental Impact Assessment (EIA)?
Describe the key components typically assessed during an EIA process.

What are the main environmental factors considered in an EIA?

How do stakeholders, including local communities, contribute to the EIA process?
Write a note on the development of EIA.

Discuss the concept and scope of the EIA.

Write a note on the guiding principles of EIA.

How does the EIA process vary across different countries or regions?

© 0 N o gk~ wbhdPE

What are the potential consequences of not conducting an EIA for a proposed project or

development?
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Multiple Choice Questions

1. What is the primary goal of environmental impact assessment (EIA)?
A) To maximize economic profit

B) To minimize environmental damage

C) To expedite development projects

D) To ignore potential environmental consequences

2. Which of the following is NOT typically considered in an EIA process?
A) Socio-economic impacts

B) Cultural heritage preservation

C) Political feasibility

D) Biodiversity conservation

3. Who is responsible for conducting an EIA for a proposed development project?
A) Government agencies

B) Project proponents

C) Environmental NGOs

D) Local communities

4. Which stage of the EIA process involves scoping and determining the key environmental
issues to be assessed?

A) Screening

B) Baseline studies

C) Impact prediction

D) Impact mitigation

5. Which of the following is an example of a direct impact in an EIA?
A) Increased noise pollution

B) Climate change
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C) Loss of habitat
D) Changes in public perception

6. Which level of impact assessment involves a detailed examination of specific
environmental factors?

A) Strategic Environmental Assessment (SEA)
B) Environmental Impact Statement (EIS)

C) Initial Environmental Examination (IEE)
D) Environmental Management Plan (EMP)

7. What is the purpose of environmental monitoring during and after project
implementation?

A) To identify potential impacts before the project begins

B) To ensure compliance with environmental regulations

C) To provide data for future impact assessments

D) All of the above

8. Which principle emphasizes the need for public participation in the EIA process?
A) Precautionary principle

B) Principle of sustainable development

C) Principle of subsidiarity

D) Principle of intergenerational equity

9. Which international treaty mandates the use of environmental impact assessments for
certain types of projects?

A) Kyoto Protocol
B) Montreal Protocol
C) Rio Declaration

D) Basel Convention
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10. Which stage of the EIA process involves identifying potential alternatives to the
proposed project?

A) Scoping

B) Impact prediction

C) Alternatives assessment

D) Impact mitigation

11. What is the purpose of cumulative impact assessment in an EIA?
A) To assess the combined effects of multiple projects

B) To determine the project's economic viability

C) To prioritize environmental conservation efforts

D) To expedite the project approval process

12. Which of the following is NOT a potential benefit of conducting an EIA?
A) Enhanced project design

B) Improved decision-making

C) Reduced project costs

D) Increased stakeholder engagement

13. In which phase of the EIA process is public consultation typically conducted?
A) Screening

B) Scoping

C) Impact assessment

D) Monitoring and follow-up

14. Which of the following is a limitation of the EIA process?

A) Lack of stakeholder involvement

B) Insufficient consideration of alternatives

C) Inability to predict long-term impacts
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D) All of the above

15. Which of the following factors may influence the effectiveness of an EIA?
A) Political context

B) Availability of resources

C) Capacity of the implementing agency

D) All of the above

Answers:

1. B) To minimize environmental damage

2. C) Political feasibility

3. B) Project proponents

4. A) Screening

5. A) Increased noise pollution

6. B) Environmental Impact Statement (EIS)
7. D) All of the above

8. A) Precautionary principle

9. C) Rio Declaration

10. C) Alternatives assessment

11. A) To assess the combined effects of multiple projects
12. C) Reduced project costs

13. B) Scoping

14. D) All of the above

15. D) All of the above
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13.1 OBJECTIVES

After go through this unit, the learner should be able to understand the following objectives:

e The concept of watershed management,
e Importance of watershed management, and
e Techniques and tools for watershed management.

13.2 INTRODUCTION

Watershed management, a critical facet of hydrological science, encompasses a diverse
array of techniques and methodologies aimed at preserving, restoring, and optimizing the
ecological health and hydrological functionality of watersheds. A watershed, defined as the land
area where all surface water drains into a common outlet, serves as a fundamental unit for
studying and managing water resources. Effective watershed management requires a
multidisciplinary approach, integrating knowledge from hydrology, ecology, geology,

geography, engineering, and socio-economic sciences.

The overarching goal of watershed management is to strike a balance between meeting
human needs for water resources and maintaining the integrity and resilience of aquatic
ecosystems. This necessitates the implementation of strategies that mitigate the adverse impacts
of land use activities, climate variability, and other stressors on water quality, quantity, and

ecosystem services within a watershed.

Utilizing mathematical models to simulate the hydrological processes within a watershed,
including precipitation, evapotranspiration, infiltration, runoff, and stream flow. These models
aid in understanding the complex interactions between various hydrological components and

predicting the response of watersheds to different management scenarios.

Implementing land use policies and regulations to guide the spatial distribution of human
activities within a watershed, thereby minimizing adverse impacts on water resources and
ecological functions. This may involve delineating zones for agriculture, urban development,
conservation, and recreation based on considerations of soil suitability, slope, hydrology, and

ecological sensitivity.
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Deploying a suite of Best Management Practices (BMPs) tailored to specific land uses
and hydrological conditions to reduce the transport of sediment, nutrients, pesticides, and other
pollutants from terrestrial areas to water bodies. Common BMPs include vegetative buffers,
conservation tillage, cover crops, riparian restoration, rain water management practices, and
erosion control measures. Undertaking targeted interventions to restore degraded aquatic
habitats, enhance ecosystem resilience, and improve water quality and hydrological functioning.
This may involve initiatives such as reforestation, wetland construction, stream bank

stabilization, fish passage restoration and invasive species management.

By employing a holistic and interdisciplinary approach, watershed management
endeavors to mitigate water quality degradation, reduce flood risks, conserve biodiversity and

sustainably meet the diverse needs of communities within the watershed context.

13.3 TECHNIQUES AND METHODS OF WATERSHED
MANAGEMENT

What is Watershed Management?

Watershed management, a critical aspect of environmental science and hydrology,
pertains to the systematic planning, conservation, and utilization of land, forest and water
resources within a specific drainage basin or watershed. A watershed encompasses all the land
and water areas that drain into a common water body, such as a river, lake, or reservoir. Effective
watershed management involves the integration of various disciplines, including ecology,
hydrology, geology, and socio-economics, to achieve sustainable development goals while
preserving natural ecosystems and mitigating environmental degradation. Key components of
watershed management include soil conservation practices, vegetation management, erosion
control measures, water quality monitoring, and stakeholder engagement. By implementing
comprehensive watershed management strategies, communities can safeguard water resources,

enhance ecosystem resilience, and promote long-term socio-economic well-being.
Importance of Watershed Management

Watershed management plays a crucial role in maintaining the integrity and sustainability

of aquatic ecosystems. By definition, a watershed encompasses the entire land area that drains
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into a specific body of water, such as a river, lake, or ocean. Effective watershed management
involves a holistic approach that considers the interactions between land, water, and living
organisms within the watershed boundary. Through careful monitoring and management of land
use practices, such as agriculture, forestry, and urban development, watershed managers can
mitigate the impacts of sedimentation, nutrient runoff, and pollution on water quality.
Furthermore, proper watershed management strategies can help to reduce the frequency and
severity of flooding events by preserving natural wetlands, restoring riparian buffers, and
implementing storm water management techniques. In addition to protecting water resources,
watershed management efforts also contribute to the conservation of biodiversity and the
promotion of ecosystem resilience in the face of environmental challenges such as climate
change. Overall, watershed management is essential for maintaining the health and functionality
of aquatic ecosystems and ensuring the availability of clean water for both human and ecological

needs.
Five Components of Watershed Management

Watershed management entails a multidisciplinary approach that integrates various
components to sustainably manage the land, water, forest, human, and livestock resources within
a defined watershed boundary. Conservation and optimal utilization of these five components is
very crucial to improve the productivity of a watershed. A brief description of these components

is presented below:

Land Resources: The land component encompasses the physical terrain, soil types, land use
patterns, and land cover within the watershed. Understanding the land's characteristics is
essential for assessing its suitability for different uses such as agriculture, urban development, or
conservation. Land management practices such as contour farming, terracing, and soil
conservation measures help minimize soil erosion, enhance soil fertility, and mitigate

sedimentation in water bodies.

Water Resources: Water resources within a watershed include surface water bodies such as
rivers, lakes, and streams, as well as groundwater aquifers. Efficient management of water
resources involves monitoring water quantity and quality, regulating water flow through

infrastructure such as dams and reservoirs, and implementing measures to prevent pollution and
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ensure sustainable water supply for various purposes like irrigation, drinking water, and

industrial use.

Forest Resources: Forests contribute significantly to watershed health by regulating water flow,
reducing soil erosion, and maintaining biodiversity. Forest management practices focus on
sustainable timber harvesting, reforestation, and habitat conservation to preserve ecosystem
services provided by forests, such as water filtration, carbon sequestration, and wildlife habitat.

Human Resources: Human activities within a watershed, including agriculture, urbanization,
industrialization, and recreational pursuits, impact the overall ecosystem dynamics. Watershed
management involves engaging with local communities, stakeholders, and policymakers to
promote sustainable land use practices, raise environmental awareness, and foster community

participation in conservation efforts.

Livestock Resources: Livestock farming is a significant land use activity in many watersheds,
influencing soil erosion, water quality, and ecosystem integrity. Sustainable livestock
management practices aim to minimize overgrazing, control livestock access to water bodies,
and implement measures for manure management to prevent nutrient runoff and contamination

of surface and groundwater sources.

Techniques and Methods of Watershed Management

In watershed management, development extends beyond agricultural lands to encompass
the entire watershed area, spanning from the ridgeline to the outlet of natural streams or Nallas.
This approach entails treating both arable and non-arable lands, including drainage lines. By
comprehending the interconnected processes governing water and sediment supply within a
watershed, intentional modifications can be made through engineering or land-management
practices to alter its hydrological function. Achieving desired outcomes from such modifications
relies on understanding the threshold behavior of hydrological systems and exploiting it to
promote stability. However, the practical implementation of watershed management is intricate.
It involves dynamic processes that transcend temporal and spatial scales, jurisdictional
boundaries, and social, cultural, economic, and environmental systems. Success requires a
participatory, adaptive, and experimental approach that engages all relevant stakeholders,

identifies a suitable balance between development and protection, and integrates scientific
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knowledge and user-supplied information on social, economic, and environmental processes

affecting natural resources within the watershed.

Watershed management, a critical component of sustainable water resource management,
employs a variety of advanced techniques to effectively monitor, analyze, and manage
watersheds. Furthermore, the development and evaluation of watershed management necessitate
integrating a vast array of spatial information and temporal data, for which various modern tools
and techniques are available. A brief description of watershed management techniques and
methods are presented in the following paragraphs.

Remote Sensing: Remote Sensing plays a pivotal role by providing high-resolution spatial data
over large areas. Utilizing satellite or aerial imagery, it facilitates the assessment of land cover,
land use changes, vegetation health, soil moisture content, and surface water bodies within
watersheds. These data aid in identifying potential erosion hotspots, vegetation degradation, and

water quality variations.

Geographical Information Science (GIS): GIS integrates spatial data collected through remote
sensing and other sources, allowing for spatial analysis, visualization, and modeling. GIS enables
the creation of watershed boundaries, delineation of sub-basins, and characterization of land
cover types. Through overlay analysis, it identifies areas susceptible to soil erosion,

sedimentation, and flooding, aiding in the formulation of targeted management strategies.

Global Positioning System (GPS): GPS technology enables precise location tracking, essential
for field data collection, monitoring, and mapping within watersheds. By accurately recording
field measurements and boundary coordinates, GPS enhances the accuracy of watershed

delineation, land use mapping, and infrastructure inventory.

Drone Technology: Drone technology offers a cost-effective and flexible means of data
acquisition with high spatial and temporal resolution. Drones equipped with various sensors can
capture detailed imagery, terrain elevation data, and thermal information over inaccessible or
hazardous terrain. This data is invaluable for assessing vegetation health, detecting land cover

changes, and monitoring erosion and sedimentation processes within watersheds.
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Internet: Internet connectivity facilitates real-time data sharing, collaboration, and decision-
making among stakeholders involved in watershed management. Online platforms enable the
dissemination of information, visualization of spatial data, and communication of management

plans and policies to local communities and decision-makers.

Hydrological model: Hydrological models, including physically-based and data-driven models,
simulate the complex processes governing water movement, runoff generation, and water quality
dynamics within watersheds. These models integrate meteorological data, terrain characteristics,
land use patterns, and soil properties to predict stream flow, sediment transport, and pollutant
loads under varying conditions. By simulating different management scenarios, hydrological
models assist in evaluating the effectiveness of proposed interventions and guiding sustainable

watershed management practices.

In brief, the integration of Remote Sensing, GIS, GPS, Drone Technology, Internet
connectivity, and Hydrological models provides a powerful toolkit for understanding,
monitoring, and managing watersheds. By harnessing these advanced techniques, watershed
managers can make informed decisions to safeguard water resources and promote ecosystem

health for present and future generations.

13.4 SUMMARY

Watershed management involves strategies and methods to take care of the land and
water within a specific area, like a watershed, which is an area where all the water flows into the
same place, like a river or a lake. One technique is planting trees and plants along the riverbanks
and hillsides to stop soil from washing away during rainstorms. This helps keep the water clean
and prevents floods. Another method is building structures, like dams or ponds, to catch
rainwater and store it for later use, which is helpful in places where water is scarce. Farmers can
also use practices like crop rotation and contour plowing to prevent soil erosion and keep
nutrients in the soil, making it healthier for plants to grow. Overall, watershed management is
about working together to protect and preserve our water resources for both people and the

environment.
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13.5 GLOSSARY

Best Management Practices (BMPs): Methods and strategies designed to minimize the impact
of human activities on water quality and quantity, like agricultural runoff management, erosion

control, and pollution prevention.

Community Engagement: Involving local residents, businesses, and organizations in watershed

management decisions and projects to ensure their needs and concerns are considered.

Floodplain Management: Managing land in flood-prone areas to reduce the risk of flooding,

including zoning regulations, flood insurance, and floodplain restoration.

GIS Mapping: Using geographic information systems (GIS) technology to map and analyze
data about the watershed, including land use, water quality, and habitat.

Invasive Species Management: Controlling plants and animals that are not native to an area and

can harm the ecosystem, often by removing them and restoring native vegetation.

Land Use Planning: Planning and zoning regulations to guide development in a watershed,

considering factors like flood risk, water quality, and preserving natural areas.

Monitoring and Assessment: Regularly measuring and evaluating the health of the watershed,
including water quality testing, habitat surveys, and tracking changes over time to inform

management decisions.

Rainwater Harvesting: Collecting rainwater from roofs, roads, and other surfaces for reuse,

reducing the demand on freshwater sources and helping to prevent flooding.

Sediment Control: Methods to prevent soil erosion and keep dirt and debris from washing into

waterways, like planting vegetation, installing erosion control mats, and building retaining walls.

Storm water Management: Techniques to control and reduce the impact of rainwater runoff,
such as using retention ponds, green roofs, and permeable pavements to absorb and filter the

water.

Stream bank Stabilization: Techniques to prevent streambank erosion, such as using rocks,

logs, and vegetation to reinforce and protect the banks from collapsing.
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Water Conservation: Practices to reduce water usage and waste, such as fixing leaks, using
water-efficient appliances, and implementing irrigation scheduling.

Watershed: An area of land where all the water flows to the same point, like a river, lake, or

ocean. Watershed management involves taking care of this entire area to protect water quality.

Wetland Restoration: Restoring or creating wetlands, which act as natural filters and sponges,
absorbing excess water, trapping pollutants, and providing habitat for wildlife.

13.6 ANSWER TO CHECK YOUR PROGRESS

e Watershed management involves protecting and improving the land, water and other
resources in a specific watershed.

e Building small dams or check dams helps in slowing down the flow of water and
reducing soil erosion.

e Contour plowing is a method where crops are planted parallel to the natural slope of the
land to prevent water runoff.

e Terracing, like steps on a hillside, helps to slow water down and retain soil.

e Installing rainwater harvesting systems allows for the collection of rainwater for later use.

e Educating farmers about crop rotation and cover cropping helps maintain soil health and
reduce erosion.

e Constructing retention ponds or wetlands can store excess water during heavy rainfall,
reducing flooding downstream and increasing groundwater table.

e Implementing zoning laws to prevent construction in flood-prone areas helps mitigate
risks.

e Using mulch crops helps to protect the soil from erosion by rain and wind and increase
crop production.

e Implementing soil conservation techniques like no-till farming reduces soil disturbance
and erosion.

e Creating and enforcing regulations to limit deforestation and protect natural habitats
within watersheds is crucial.

e Collaborating with local communities and stakeholders to develop and implement

watershed management plans ensures sustainable use of resources.
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13.8 TERMINAL QUESTIONS

Long Questions

1. What do you understand by watershed management? Discuss new techniques and
methods of watershed management in your own words.
2. Describe the role of erosion control practices in watershed management. Provide

examples of erosion control techniques, their effectiveness in reducing sedimentation,
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and considerations for selecting the most suitable practices for different land uses and
conditions.

3. Explore the integration of modern technology in watershed management. How do these
technologies aid in data collection, analysis, and decision-making processes, and what

challenges or limitations may arise when implementing them in watershed management?

Short Questions

What is watershed management?

Why is watershed management important?

How does land use affect watersheds?

What are the some common erosion control techniques used in watershed management?
How can reforestation contribute to watershed management?

What role do wetlands play in watershed management?

What are some strategies for reducing pollution in watersheds?

How can community engagement enhance watershed management efforts?

© ©o N o g B~ wbh -

What is the significance of riparian buffers in watershed management?
10. How do monitoring and assessment tools support effective watershed management?
Multiple Choice Questions
1. Which of the following is NOT a common technique for watershed management?
a) Reforestation
b) Floodplain zoning
c) Urban sprawl
d) Wetland restoration
2. What is the primary purpose of riparian buffer zones in watershed management?
a) To prevent erosion
b) To filter pollutants
c) To promote biodiversity

d) All of the above
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3. Which of the following is a non-structural method for managing watershed runoff?
a) Constructing dams

b) Installing green roofs

c) Channelizing streams

d) Clearing vegetation

4. Which technique involves restoring natural hydrological processes to improve watershed
health?

a) Streambank stabilization

b) Channelization

c) River dredging

d) Stream restoration

5. What is the purpose of contour plowing in watershed management?
a) To increase surface runoff

b) To reduce soil erosion

c) To promote sedimentation

d) To encourage flooding

6. Which method is used to assess the health and functioning of a watershed ecosystem?
a) Hydrological modeling

b) Land use planning

¢) Ecological monitoring

d) Infrastructure development

7. Which of the following is an example of a best management practice (BMP) for
watershed management?

a) Deforestation
b) Impervious surfaces

¢) Rainwater harvesting

UNIT 13 TECHNIQUES AND MENTHODS OF WATERSHED MANAGEMENT Page 280 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

d) Overgrazing

8. Which approach involves community participation in decision-making processes related
to watershed management?

a) Top-down governance

b) Watershed-based planning

¢) Command-and-control regulation

d) Centralized management

9. Which technique helps reduce peak flows during storm events in a watershed?
a) Floodplain restoration

b) Wetland construction

c) Detention basins

d) Drainage channelization

10. Which of the following is NOT a benefit of restoring wetlands in watershed
management?

a) Flood control

b) Biodiversity conservation
c) Groundwater depletion
d) Nutrient cycling

11. Which method involves using native vegetation to stabilize slopes and reduce erosion in
a watershed?

a) Riprap installation
b) Terracing

c) Cover cropping

d) Retention ponds

12. Which strategy involves implementing regulations to limit development in
environmentally sensitive areas within a watershed?

a) Smart growth
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b) Zoning ordinances

c) Urban sprawl

d) Land banking

13. Which technique aims to reduce non-point source pollution in a watershed?
a) Industrial discharge

b) Agricultural runoff

c) Sewage treatment plants

d) Point source pollution

14. Which method is used to quantify the economic value of ecosystem services provided by
a watershed?

a) Cost-benefit analysis

b) Environmental impact assessment
c) Life cycle assessment

d) Ecosystem valuation

15. Which of the following factors is NOT considered when prioritizing areas for
conservation in watershed management?

a) Habitat connectivity
b) Soil permeability
c) Species richness

d) Proximity to urban centers

Answers:

1. ¢) Urban sprawl

2. d) All of the above

3. b) Installing green roofs

4. d) Stream restoration

UNIT 13 TECHNIQUES AND MENTHODS OF WATERSHED MANAGEMENT Page 282 of 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

5. b) To reduce soil erosion

6. c) Ecological monitoring

7. ¢) Rainwater harvesting

8. b) Watershed-based planning
9. c¢) Detention basins

10. ¢) Groundwater depletion
11. c) Cover cropping

12. b) Zoning ordinances

13. d) Point source pollution
14. d) Ecosystem valuation

15. b) Soil permeability
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14.1 OBJECTIVES

J Understand the importance of watershed management planning.

J Recognize the role of people’s participation in effective watershed management.
o Learn the steps involved in preparing watershed management plans.

o Identify key stakeholders and their roles in the planning process.

o Gain skills in conducting participatory planning activities.

J Understand the significance of integrating traditional knowledge into planning.
14.2 INTRODUCTION

Watershed management is a holistic and integrated approach to sustainably manage natural
resources within a defined geographical area. It involves the coordination of various activities
to conserve soil, water, and vegetation, aiming to enhance the overall health and productivity
of the watershed. This unit explores the crucial aspects of watershed management planning, the
significance of peoples’ participation, and the detailed process of preparing comprehensive

plans.

14.3 WATERSHED MANAGEMENT PLANNING

History of Watershed Management Plan in India

Watershed Management in India Approximately 60 percent of India's total arable land,
amounting to 142 million hectares, relies on rain-fed agriculture. This sector exhibits low
productivity, meagre income, limited employment opportunities, and is associated with high
poverty rates, particularly on fragile and marginal land. The rainfall patterns in these regions
are highly erratic, both in terms of total precipitation and its distribution. This variability leads
to moisture stress during crucial stages of crop production, rendering agricultural output
susceptible to pre and post-production risks. Since the early 1970s, the Government of India

has sponsored and implemented watershed development projects in the country.

Various watershed development programs, including the Drought Prone Area Program (DPAP),
Desert Development Program (DDP), River Valley Project (RVP), National Watershed
Development Project for Rain-fed Areas (NWDPRA), and Integrated Wasteland Development
Program (IWDP), were launched in hydro-ecological regions consistently affected by water
stress and drought-like conditions. The initial phase of the watershed development program,

during the 1980s and earlier, primarily adopted a structural-driven compartmental approach,
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focusing on soil conservation and rainwater harvesting. Despite efforts to implement soil
conservation practices such as contour bunding and pit excavations, farmers often removed
these measures from their fields. Recognizing the limitations of a rigid top-down approach, it
was acknowledged that a more effective impact in watersheds could be achieved through a

combination of individual and community-based interventions.

Watershed development in India has a rich history, evolving over the years to address the
challenges posed by rain-fed agriculture, water stress, and environmental degradation. Here is

a detailed overview of the history of watershed development in India:

Various development initiatives based on the watershed approach have been initiated by both
the central and state governments. The forefront of these efforts is led by the Ministry of Rural
Development, Government of India. Specifically, the ministry has undertaken specialized area

development programs focused on water harvesting.
i) Soil Conservation in Catchment of River Valley Project

The program, initiated during the Third Five-Year Plan, aimed to address catchment areas to
reduce the silt production rate and prevent subsequent siltation of reservoirs. Soil conservation
in the catchment areas of river valley projects plays a crucial role in watershed management in
India. These efforts aim to mitigate soil erosion and degradation within the catchment regions
of river valleys, ensuring the sustainable use of soil resources. Implementing soil conservation
measures in these areas is essential for maintaining soil fertility, preventing sedimentation in
water bodies, and promoting overall watershed health. Techniques such as contour plouging,
agroforestry, cover cropping, and check dams are often employed to reduce soil erosion,
enhance water retention, and protect the quality of water resources. By integrating soil
conservation practices into watershed management strategies, authorities seek to achieve a
balance between agricultural productivity and environmental sustainability, ensuring the long-
term well-being of both ecosystems and communities within the watershed. Special attention
is given to critically degraded watersheds, covering areas ranging from 2,000 to 4,000 hectares,

where soil and water conservation measures are being actively implemented.

ii) Integrated Agricultural Development in Drought Prone Areas

Rainfed farming, reliant on unpredictable and highly variable rainfall, experiences notably low

agricultural productivity. The unpredictability of the monsoon exacerbates the situation,
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leading to severe hardship for the people involved. To address these challenges, the
Government of India initiated the Drought Prone Area Programme (DPAP) with the objective
of fostering integrated agricultural development in dry farming regions. Unlike temporary
relief measures, DPAP adopted an ecologically balanced approach. The program also aimed to
establish productive infrastructure for providing immediate employment during emergencies,
particularly for the weaker sections of society. The DPAP incorporated a systematic
methodology, including detailed soil, hydrological, and topographic surveys, to formulate a
comprehensive master plan. Activities such as land-use capability classification, installation of
wells based on local conditions, and water harvesting programs, including the construction of

tanks or check dams in catchment areas, were integral components of the initiative.
iii) Desert Development Programme (DDP)

The Desert Development Program, launched in 1977-78, aimed to combat desertification in the
desert regions by integrating and aligning various state and central programs. The primary
objectives were to conserve and utilize land, water, and other natural resources, including
rainfall, for restoring long-term ecological balance. The program focused on afforestation, with
a special emphasis on stabilizing sand dunes and establishing shelter belt plantations, along
with the development of grasslands, soil and moisture conservation, and water resources
development. This centrally financed program covered approximately 36.2 million hectares
across 131 blocks in 21 districts spanning five states: Rajasthan, Haryana, Gujarat (hot arid

region), Jammu and Kashmir, and Himachal Pradesh (cold arid region).
iv)Himalayan Watershed Management Project in Uttar Pradesh

The Himalayan Watershed Management Project funded by the World Bank in 1983 targeted
two watersheds: Nayar in Garhwal and Panar in the Kumaon regions of Uttarakhand.
Encompassing an area of 2.47 lakh hectares, the project's primary objective was to curb the
ongoing deterioration of the Himalayan ecosystem. The issues addressed included the depletion
of forest cover, overgrazing, inappropriate land use, and negligent road construction practices.
By implementing sustainable watershed management practices, the project aimed to minimize

further damage to the delicate Himalayan environment and promote its ecological resilience.
v) Operational Research Projects on Integrated Watershed Management

In 1983, initiatives were launched across 47 watersheds spanning 16 states (Andhra Pradesh,

Bihar, Gujarat, Haryana, Madhya Pradesh, Maharashtra, Odisha, Punjab, Himachal Pradesh,
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Jammu and Kashmir, Karnataka, Kerala, Rajasthan, Tamil Nadu, Uttar Pradesh, and West
Bengal). Covering an area of 35,739 hectares, these endeavors received financial support from
the Ministry of Agriculture and Rural Development, Gol, and were executed under the
technical guidance of the Indian Council of Agricultural Research (ICAR). The projects aimed
to create a participatory program involving local communities to address environmental
deterioration. The overarching goal was to establish permanent assets, including water

resources, sustainable vegetation, and enhanced productivity of cultivated land.
vi) National Watershed Development Programme of Rainfed Agriculture (NWDPRA)

The initiative, launched in 1986-87, targeted rainfed arable lands in 25 states, primarily those
with rainfall ranging between 500 and 1125 mm and more. Districts with over 30% area under
irrigation were typically excluded. During the Eighth Five-Year Plan, the program underwent
restructuring to achieve sustainable biomass production and restore ecological balance in
extensive rainfed areas across the country. The emphasis was on the conservation and
utilization of land, water, plant, animal, and human resources in a harmonious and integrated
manner. The approach utilized low-cost, simple, effective, and replicable technology, aiming
to generate significant employment opportunities and reduce disparities between irrigated and

rainfed areas. Benefits of NWDPRA
(a)Drought proofing (b) Erosion control (c¢) Increase in agriculture production
(d) Increased availability of fodder, fuel and timber (e) Ground water recharge

(f) Creation of durable assets (g) Restoration of ecological balance (h)Employment generation
(1) Ensuring desired cropping intensity in rainfed agriculture (j)Protection of the tableland (k)

Stabilization of gullies
vii) Integrated Wasteland Development Programme (IWDP)

Launched in 1989, the program aimed to develop wastelands on a watershed basis, with a

primary focus on silvi-pasture and soil moisture conservation on these unused lands.
viii) Integrated Watershed Management in the Catchments of Flood Prone Rivers

The program, carried out during the Fourth Five-Year Plan, focused on eight flood-prone rivers
in the Gangetic basin: Ajoy, Gomti, Punpun, Roop Naraian, Sahibi, Sone, Upper Ganga, and
Upper Yamuna. It covered a watershed area of 16.7 million hectares across states like Bihar,

Haryana, Himachal Pradesh, Madhya Pradesh, Rajasthan, Uttar Pradesh, West Bengal, and the
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Union Territory of Delhi. The goal was to improve the watershed's capacity to absorb a large
amount of rainwater, reduce erosion, and decrease silt in rivers. This, in turn, aimed to alleviate

the impact of floods in productive plains.
ix) Integrated Watershed Development Project for Hills and Plains

The World Bank projects in Himachal Pradesh, Jammu and Kashmir, Punjab, and Haryana,
covering an area of 1.24 lakh hectares, aimed to slow down and reverse the damage to the

natural environment. They did this by using suitable methods to conserve soil and water.
x) Integrated Watershed Development Project (Plains)

The World Bank project, spanning across 4.331 lakh hectares in Gujarat, Orissa, and Rajasthan,
aimed to slow down and undo the harm to the environment. It focused on different agricultural

areas, promoting sustainable and easily repeated production systems.
Other Watershed Management Projects

x1) Projects for managing watersheds, funded by international organizations, are also underway

in the country.
Watershed Management: Himalaya

Considering this, the Planning Commission of India has explicitly highlighted, suggested, and
stressed the importance of adopting a watershed approach for the advancement of mountainous
regions. Describing the necessity and goals of the watershed approach in mountainous
environments, the Seventh Five Year Plan asserts, 'Recognizing the essential requirement to
balance economic progress with the necessities of environmental preservation and ecological
security, the approach for hilly areas will involve creating practical and feasible programs to
address the interconnected challenges associated with the eco-development of the Himalayan

region.'

The primary focus for the comprehensive development of hill regions will revolve around
critical watershed, sub-watershed, and micro-watershed frameworks. This approach aims to
safeguard the environment, promote ecological regeneration, and adopt a productive strategy
for optimal use of land, water, and human resources in a scientific manner. The goal is to
integrate various developmental activities that impact the environment and ecological balance
in hill areas at the micro-watershed level, employing a multidisciplinary approach under a

unified umbrella. This ensures the efficient utilization of land, water, and plant resources, as
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well as human and animal resources, as stated in the Seventh Five Year Plan of 1985.
Recognizing the importance of the watershed approach, the Government of Uttaranchal has
established a Directorate of Watershed Management under the Ministry of Rural Development.
This directorate is responsible for coordinating all development programs at the watershed and

micro-watershed levels.

In the Himalayan region of Uttarakhand, various programs for developing watersheds,
especially the Integrated Wasteland Development Program (IWDP), were launched in different
hydro-ecological areas of the state. This integrated watershed management project covers
approximately 2348 square kilometers in 76 small watershed areas in the densely populated
rain-fed middle Himalayan ranges. About 468 Village Councils in 18 Development Blocks of
11 Districts are taking part in this project, benefiting an estimated population of 258,000.
Similar to other Himalayan states in India, the Integrated Watershed Management projects in
Uttarakhand are supported and implemented by the Government of India. The main goals of
these programs in Uttarakhand's Himalayan region are:(i) conserving and wisely using natural
resources like land, soil, water, plants, animals, and people in a coordinated way using
affordable, simple, effective, and repeatable technology, with community participation; (ii)
improving rural livelihoods and creating viable employment opportunities in villages; (iii)
reducing disparities between areas with irrigation and those relying on rain; (iv) alleviating

poverty; (v) empowering women and promoting gender equality.
Guidelines For Watershed Management Programmes

In 1994-95, the Ministry of Rural Areas and Employment, Government of India, established
clear rules for watershed programs. The goal was to make the best use of natural resources in
the watershed, generate employment, and promote overall socio-economic development. Later,
in 2001, the Ministry of Rural Development revised the guidelines to make them more focused,
transparent, and easy to follow. The guidelines outlined an organized structure at all levels of
implementation, including people's organizations like the Watershed Association, Watershed
Committee, Self-Help Groups, and User Groups at the village level. These guidelines were
further improved with the launch of the "Hariyali" initiative in 2003, aiming to empower
Panchayat Raj Institutions (PRIs) in the administration and finance of watershed development
programs. The Hariyali guidelines applied to various programs, including IWDP, DPAP, DDP,

and others notified by the Government of India. Common Guidelines for Watershed
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Development Projects were issued by the Department of Land Resources, Ministry of Rural

Development in 2008, focusing on specific features.

Equity and Gender Sensitivity: Watershed Development Projects should be seen as tools for
inclusivity. Those implementing the projects should help ensure fairness by (a) creating better
job opportunities for the poor by investing in their assets and improving productivity and
income, (b) making sure the benefits reach the poor, especially women, (c) increasing the
involvement of women in decision-making and their presence in institutional setups, and (d)

guaranteeing that the resource-poor have legal rights to use common property resources.

Decentralization: Project management would improve with decentralization, delegation and
professionalism. Establishing suitable institutional arrangements within the overall framework
of the Panchayati Raj Institutions and the operational flexibility in norms to suit varying local
conditions will enhance decentralization. Empowered committees with delegation to
rationalise the policies, continuity in administrative support and timely release of funds are the

other instruments for effective decentralization.

Support Organizations: To make Watershed Development Projects successful, there should
be intensive help in social mobilization, community organization, and building the skills of
communities for planning and implementation. Qualified organizations, including voluntary
groups with professional teams possessing the required skills, would be chosen through a

thorough process. They may receive financial support to carry out the mentioned tasks.
Centrality of Community Participation: Involvement of primary stakeholders

is at the centre of planning, budgeting, implementation and management of watershed
projects. Community organizations may be closely associated with and accountable

to Gram Sabhas in project activities.

Central Role of Community Involvement: The key players, like the local community, should
be at the heart of planning, budgeting, implementation, and management of watershed projects.
Community organizations should work closely with and report to Gram Sabhas (village

councils) in project activities.

Building Skills and Technology Support: We will put a lot of emphasis on building the skills
of people, which is crucial for getting the results we want. This will be an ongoing process to

help individuals improve their knowledge and abilities, gaining the right mindset to be more
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effective in their roles. Given the advancements in information technology and remote sensing,
we can now gather detailed information about different aspects of an area. So, the goal is to

incorporate strong technology support into the new vision of watershed programs.

Monitoring, Evaluation, Learning: We will establish a system that involves everyone,
focuses on outcomes and impacts, and is user-centric for keeping track, evaluating, and
learning. This system will gather feedback and make improvements in planning, project design,

and implementation.

Organizational Restructuring: Reorganizing the structure of an organization involves
creating the right technical and professional support systems at various levels such as national,
state, district, and project. It also entails building strong functional partnerships between project
leaders, those executing the projects, and organizations offering support. This restructuring is

crucial for the success of the organization.
Institutional Arrangement

In order to plan, design and implement watershed development projects, it is absolutely
essential that the institutional set up at different levels is firmly in place for effective
implementation of watersheds projects. It starts from the central level responsible for making
funds available to the states., districts and blocks and to the villages and the project. The
instrument set up is shown in flow diagram. Different components of institutional set up need
to be strongly linked with each other to facilitate smooth operation of the project and achieving
desired goals. In watershed management projects, the beneficiaries have an important role to
play in all these activities right from planning to implementation stage. Their views are fully

incorporated in planning and designing a project keeping in view their needs and limitation.
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National Rainfed Area Authority (NRAA) at the

national level
A

A 4

State Level Nodal Agency (SLNA)

1

District Watershed Development Unit (DWDU)

A

A 4
Panchayati Raj Institutions (PRIs)

A

A 4

Project Implementation Agency Watershed Development Team
(PIA) (WDT)

A

The responsibility and role of different agencies are outlined below:
National Level

The National Rainfed Area Authority (NRAA), nodal agency at the central level facilities
budgetary allocation and smooth flow of funds from different projects of Government of India
to the District Watershed Development Units (DWDU) for speedy and successful
implementation of these watershed development projects. It acts as an effective coordinating
mechanism between different ministries, organizations and departments responsible for
undertaking watershed development programmes. It is also responsible for supporting the
process of preparing strategic plans for watershed development projects at the state and district
levels keeping in view the specific agro-climatic and socio-economic conditions. It also
supports state level nodal agencies in identifying resource organizations and establishing
capacity building arrangements. The professional multi-disciplinary experts in the field of
agriculture, water management, institutions and capacity building etc. constitute the nodal

agency.
State Level

A state level nodal agency (SLNA) is empowered to oversee all watershed project in the state
based on the approved perspective and strategic plan. The SLNA is headed by the Development

Commissioner/Additional Chief Secretary/ agriculture Production Commissioner/Principal
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Secretary and comprises of one representative from National Bank for Agriculture and Rural
Development (NABARD), one representative each from the state department of rural
development, agriculture, animal husbandry and allied sectors, one representative from
groundwater board, one representative from voluntary organization and two experts from
research institutes/ state universities, National Rural Employment Guarantee Schemes
(NREGS), Backward Regions Grand Fund (BRGF) and other related implementing agencies
are also represented. A team of four to seven professional experts in the field of agriculture,
water management, capacity building, social science, information technology, administration,
accounts etc. assist the SLNA which provides technical supports to District Watershed
Development Unit (DWDU). It also prepares perspective and strategies plans of watershed for
the state on the basis of plans prepared at the block and district levels. It also sets the expected
outputs and financial outlays based on which approval of central nodal agencies is sought. It

also establishes monitoring and evaluation of the watershed projects.
District Level

District Watershed Development Unit (DWDU) is established to oversee the implementation
of watershed projects in each district with separate accounts. It functions in close coordination
with District Planning Committee (DPC) with a representative each of NRGA BRGF at the
district level. The DWDU comprising of a fulltime project manager and three to four experts
on agriculture, water management, social science, management and accounts is responsible for
identifying potential project Implementing Agencies (PIAs). It also facilitates preparation of
district strategic and action plans including capacity building and ensures smooth flow of funds
to the projects and timely submission of required documents to SLNA. It also facilitates
coordination with relevant programmers of agriculture, horticulture, rural development, animal
husbandry, etc. with the watershed projects for enhancing productivity and livelihood

opportunities.
Panchayati Raj Institutions (PRIs)

Panchayati Raj Institutions (PRIs) are actively involved in the watershed programmes. The
District Panchayat- Zila Parishad are entrusted with the responsibility of coordinating various
sectoral schemes with watershed development projects, review of progress, settling disputes
etc. Intermediate Panchayats have an important role in planning the watershed development
projects at the intermediate level and provide support to PIAs and Gram Panchayat/Watershed

Committees in technical guidance with the help of their subject matter specialists.
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Project Implementation Agency (PIA)

The PIAs include relevant line departments, autonomous organizations under state/central
governments, government institutes/research bodies, intermediate panchayats and voluntary
organizations (VOs), VOs have an important role in creating awareness, capacity building,
education and communication and social audit. Each PIA is supported by a dedicated watershed
development team (WDT) with the approval of DWDU. The PIA provides necessary technical
guidance to the Gram Panchayat for preparation of development plans for the watershed
through Participatory Rural Appraisal (PRA) exercise , undertake community organization and
training for the village communities, supervise watershed development activities, inspect and
authenticate project accounts, encourage adoption of low cost technologies and build upon
indigenous technical knowledge, monitor and review the overall project implementation and
set up institutional arrangements for post-project operation and maintenance and further
development of the assets created during the project period. It also facilitates the mobilization
of additional financial resources from other government programmes, such as MNREGA,
BRGF, SGRY, National Horticulture Mission, Tribal Welfare Schemes, Artificial Groundwater

Recharging, Greening India etc.
Watershed Development Team

WDT comprises of at-least four experts preferably with professional degree in the disciplines
of agriculture, soil science, water management, social mobilization and institutional building.
At least one of the WDT members should be a woman. The WDT should be located as close as
possible to the watershed project and its close collaboration with the team of experts at the
district level must be ensured. It guides WC in the formulation of the watershed action plan. It
assists Gram Panchayat/Gram Sabha in constitution of the WC, User Groups (UGs) and Self-
Help Groups (SHGs). The User Groups deal with homogeneous group of persons having land
within the watershed areas while SHGs include small and marginal farmers households,
landless, labours, women and SC/ST persons. It also ensures active participation of women,
conducts participatory base-line surveys, training and capacity building, prepare resource
development plans. It prepares Detailed Project Report (DPR) for the consideration of Gram
Sabha and facilities the development of livelihood opportunities for the landless and

maintaining project accounts.
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Panchayati Raj Institutions (PRIs)

Panchayati Raj Institutions (PRIs) are actively involved in the watershed programmes. The
District Panchayat/Zila Parishad are entrusted with the responsibility of coordinating various
sectoral schemes with watershed development projects, review of progress, settling disputes
etc. Intermediate Panchayats have an important role in planning the watershed development
projects at the intermediate level and provide support to PIAs and Gram Panchayats/Watershed

Committees in technical guidance with the help of the subject matter specialists.

The Zila Parishads and other Panchayati Raj Institutions (PRIs) shall have very important role
to play in watershed development programmes. Wherever the DRDA has been made
responsible for implementation of the watershed programmes, the chief Executive Officer of
the Zila Parishad shall be a member of the DWDC. The PRIs shall have the right to monitor
and review the implementation of the programme and provide guidance for improvements in
the administrative arrangements and procedures with a view to ensure convergence of other

programmes of Ministry of Rural Development.
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Fig 14.1: Flow chart of Planning Process, Source: Google
Watershed management planning is a dynamic process that requires a thorough understanding
of the physical, biological, and socio-economic aspects of the area. The key steps in watershed

management planning include:
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1.Watershed Assessment
2. Stakeholder Consultation
3. Goal Setting
4. Development of Strategies
Watershed management planning is a systematic and comprehensive process aimed at
sustaining and enhancing the health of a watershed. The initial step, Watershed Assessment, is
crucial for understanding the existing conditions and challenges within the watershed. This
section elaborates on the key components of Watershed Assessment.
1. Watershed Assessment:
Comprehensive Assessment of the Watershed: Conducting a comprehensive assessment of the
watershed, including its topography, soil types, land use, and hydrological characteristics etc.
I. Topography:
Objective: Understanding the physical features, such as hills, valleys, and slopes, to
comprehend how water flows across the landscape.
Methods: Utilizing topographic maps, remote sensing data, and Geographic Information
System (GIS) technology for accurate terrain analysis.
II. Soil Types:

Objective: Identifying the various soil types within the watershed, as different soils have
distinct water retention and drainage characteristics.
Methods: Conducting soil surveys and analyses, considering factors like texture, structure, and
nutrient content.

III. Land Use:
Objective: Examining the types of land cover and land use practices to assess human activities
impacting the watershed.
Methods: Interpreting satellite imagery, conducting field surveys, and collaborating with local
authorities to gather information on land use patterns.

IV. Hydrological Characteristics:
Objective: Understanding the movement and distribution of water within the watershed,
including rainfall patterns and surface water flow.
Methods: Collecting data on precipitation, streamflow, and groundwater levels; employing

hydrological models for simulations.
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Identifying potential challenges:
Identifying potential areas of soil erosion, water runoff, and other environmental challenges.
I.  Soil Erosion:
Objective: Recognizing areas prone to soil erosion, a critical concern for maintaining soil
fertility and preventing sedimentation in water bodies.
Methods: Utilizing erosion prediction models, conducting field assessments, and identifying
factors contributing to erosion, such as deforestation or improper land use.
II. Water Runoff:

Objective: Assessing the volume and speed of water runoff, which impacts soil erosion,
flooding, and water quality.
Methods: Analyzing the watershed's slope, soil characteristics, and land cover to predict and
manage runoff patterns.
III.  Environmental Challenges:
Objective: Identifying broader environmental issues, such as pollution sources, habitat
degradation, or the impact of climate change.
Methods: Conducting water quality tests, assessing the health of flora and fauna, and
monitoring indicators of environmental stress.
Benefits of Comprehensive Watershed Assessment:

a) Informed Decision-Making:
A thorough assessment provides a solid foundation for informed decision-making in
subsequent stages of watershed management planning.

b) Targeted Interventions:
Identification of specific challenges enables planners to develop targeted interventions and
conservation measures.

¢) Community Engagement:
Sharing assessment results with the local community fosters understanding, awareness, and
active participation in the planning process.

d) Environmental Conservation:
By addressing potential challenges identified in the assessment, the plan contributes to the
conservation and sustainable use of natural resources within the watershed.
The Watershed Assessment phase is a critical starting point for effective watershed
management planning. It lays the groundwork for understanding the unique characteristics of

the watershed, identifying potential issues, and formulating strategies that are both
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environmentally sustainable and socially relevant. The knowledge gained from this assessment
informs subsequent planning steps, facilitating the development of a comprehensive and

tailored watershed management plan.

2. Stakeholder Consultation

Stakeholder consultation is a pivotal step in watershed management planning, emphasizing the
active involvement of diverse entities with a stake in the watershed's well-being. This phase is
crucial for fostering collaboration, gaining local insights, and ensuring that the planning
process is inclusive and representative of the community's needs. Here's a detailed exploration
of the key components of stakeholder consultation:

Involving local communities, farmers, government agencies, and NGOs in the planning
process.

I. Involving Diverse Stakeholders:

a. Local Communities:

Objective: Engaging the residents living within the watershed boundary, as they are directly
impacted by management decisions.

Methods: Organizing community meetings, workshops, and focus group discussions to
encourage participation and gather input.

b. Farmers:

Objective: Involving farmers who play a significant role in land use and agricultural practices
affecting the watershed.

Methods: Collaborating with agricultural extension services, farmers' cooperatives, and
organizing field visits to understand their perspectives and challenges.

¢. Government Agencies:

Objective: Collaborating with local and regional government agencies responsible for natural
resource management and environmental regulation.

Methods: Establishing formal partnerships, attending stakeholder meetings, and integrating
government policies into the planning process.

d. Non-Governmental Organizations (NGOs):

Objective: Leveraging the expertise of NGOs specializing in environmental conservation,
community development, or specific aspects of watershed management.

Methods: Conducting joint workshops, seeking input on best practices, and integrating NGO-

led initiatives into the overall plan.
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II. Gathering Valuable Insights:
Gathering valuable insights into traditional knowledge, land-use practices, and community
needs.
Traditional Knowledge:
Objective: Recognizing the wealth of traditional knowledge held by local communities
regarding sustainable practices, water use, and ecological patterns.
Methods: Conducting interviews, oral histories, and participatory mapping exercises to
document and incorporate traditional wisdom into the planning process.
Land-Use Practices:
Objective: Understanding how the land is currently used and its impact on the watershed's
health.
Methods: Surveys, field observations, and workshops to gather information on agriculture,
forestry, urban development, and other land-use practices.
Community Needs:
Objective: Identifying the specific needs, concerns, and aspirations of the local community
regarding the watershed.
Methods: Surveys, focus group discussions, and community consultations to ensure that the
plan addresses the immediate and long-term needs of residents.
Benefits of Stakeholder Consultation:

a) Enhanced Local Relevance:
Involving diverse stakeholders ensures that the management plan is tailored to the unique
socio-economic and environmental context of the watershed.

b) Increased Acceptance:
By actively seeking input from various stakeholders, the planning process gains legitimacy,
and the resulting plan is more likely to be accepted and supported by the community.

¢) Synergies and Collaboration:
Collaboration with different stakeholders fosters synergies between local knowledge, scientific
expertise, and governmental regulations, leading to more effective watershed management.

d) Sustainable Implementation:
Understanding community needs and incorporating traditional practices increases the
likelihood of sustainable implementation, as the plan aligns with the values and practices of
the local population.

Challenges and Strategies:
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a) Language and Cultural Barriers:
Strategy: Employing translators, cultural liaisons, and adopting inclusive
communication methods.
b) Power Dynamics:
Strategy: Ensuring equal representation and creating a safe space for all stakeholders
to express their opinions.
¢) Time and Resource Constraints:
Strategy: Prioritizing key stakeholders, utilizing technology for virtual consultations,
and conducting efficient, targeted meetings.
Stakeholder consultation is a dynamic and ongoing process that requires sensitivity, inclusivity,
and adaptability. It forms the foundation for a collaborative and community-driven watershed
management plan, ensuring that the interventions are contextually relevant, sustainable, and
have the support of those directly impacted by the management decisions.
3. Goal Setting:
Goal setting is a critical phase in watershed management planning, as it lays the foundation for
the entire planning process. This step involves defining clear, achievable, and well-prioritized
objectives that guide the development and implementation of the watershed management plan.
Below is a detailed exploration of the key components of goal setting:
A. Establishing Clear and Achievable Goals:
Establishing clear and achievable goals for watershed management, considering ecological,
social, and economic objectives.
a) Ecological Objectives:
Objective: Defining goals that focus on preserving and enhancing the ecological integrity of
the watershed.
Examples: Protecting biodiversity, maintaining water quality, preventing soil erosion, and
promoting sustainable land use practices.
b) Social Objectives:
Objective: Outlining goals that address the well-being and quality of life of the local
community.
Examples: Ensuring equitable access to water resources, promoting community engagement,
and enhancing the resilience of local livelihoods.
¢) Economic Objectives:

Objective: Establishing goals that contribute to the economic sustainability of the watershed.
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Examples: Supporting sustainable agriculture, promoting eco-tourism, and enhancing the
economic viability of local businesses.
d) Interconnectedness of Goals:
Recognizing that ecological, social, and economic goals are interrelated and should be
addressed in a holistic manner.
Formulating goals that balance the needs of the environment with the socio-economic well-
being of the community.
B. Prioritizing Goals Based on Community Needs:
Prioritizing goals based on the needs and aspirations of the local community.
a) Community Participation:
Objective: Actively involving the local community in the goal-setting process to ensure that
goals align with their needs and aspirations.
Methods: Holding community workshops, conducting surveys, and facilitating open
discussions to gather input.
b) Identifying Local Priorities:
Objective: Identifying the specific needs and aspirations of the community, which may vary
based on cultural, economic, and environmental factors.
Methods: Engaging in dialogues with community leaders, conducting focus group discussions,
and utilizing participatory mapping exercises.
Setting Realistic Targets:
Objective: Ensuring that goals are realistic, achievable, and align with the capacity and
resources available within the watershed.
Methods: Conducting feasibility studies, assessing existing infrastructure, and considering the
community's capacity for active participation.
Flexibility and Adaptability:

e Recognizing that community needs and aspirations may evolve over time.

e Designing goals that are flexible and adaptable to changing circumstances and

emerging challenges.

Benefits of Goal Setting:
a) Strategic Direction:
Providing a clear strategic direction for the watershed management plan, ensuring that efforts
are focused on achieving specific outcomes.

b) Community Ownership:
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Engaging the community in the goal-setting process fosters a sense of ownership, leading to
increased commitment and participation.

¢) Resource Allocation:

Assisting in the allocation of resources, both human and financial, towards achieving the
established goals.

d) Measurable Outcomes:

Facilitating the development of measurable indicators to assess the success and impact of the
watershed management plan.

Challenges and Strategies:

Differing Priorities:

Strategy: Facilitating open communication to address conflicting priorities and finding
common ground through compromise.

Limited Resources:

Strategy: Prioritizing goals based on resource availability and seeking external funding or
partnerships to address resource constraints.

Resistance to Change:

Strategy: Conducting awareness campaigns to demonstrate the benefits of the proposed goals
and emphasizing the positive impact on the community.

4. Development of Strategies

The development of strategies is a crucial step in watershed management planning as it
involves formulating a comprehensive set of actions and interventions to address identified
issues within the watershed. This phase requires careful consideration of environmental, social,
and economic factors to ensure the sustainability and effectiveness of the proposed strategies.
Here is a detailed exploration of the key components of the development of strategies:

Formulating strategies to address identified issues, such as afforestation, contour ploughing,
and water harvesting.

1. Identification of Issues:
Objective:

Recognizing and understanding the specific challenges and issues faced by the watershed, such
as soil erosion, water pollution, deforestation, or inadequate water supply.

Methods:

Conducting thorough watershed assessments, surveys, and data analysis to pinpoint areas that
require intervention.

2. Formulation of Strategies:

Afforestation:
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Objective: Mitigating soil erosion, enhancing water retention, and promoting biodiversity
through the planting of trees and vegetation.

Methods:

Identifying suitable areas for afforestation, selecting appropriate tree species, and
implementing community-based tree planting programs.

Contour Ploughing:
Objective:

Minimizing soil erosion by ploughing along the contour lines of the land, reducing the speed
of water runoff.

Methods:

Providing training to farmers on contour ploughing techniques, implementing incentives for
adoption, and monitoring its effectiveness.

Water Harvesting:
Objective:

Conserving rainwater for agricultural, domestic, and ecological purposes, reducing dependence
on surface water sources.

Methods:

Constructing check dams, rainwater harvesting structures, and promoting the use of storage
tanks for collecting and storing rainwater.

3. Integration of Sustainable Agricultural Practices:
Objective:

Promoting farming methods that are environmentally friendly, economically viable, and
socially acceptable.

Methods:

Introducing agroecological practices, crop rotation, cover cropping, and reduced tillage to
enhance soil health and reduce chemical inputs.

4. Promotion of Eco-Friendly Technologies:
Objective:

Encouraging the adoption of technologies that minimize environmental impact and contribute
to sustainable resource management.

Methods:

Introducing precision agriculture, drip irrigation systems, and other eco-friendly technologies
to optimize water use and minimize chemical runoff.

Benefits of Development of Strategies
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Holistic Approach:

Addressing multiple issues simultaneously by adopting a holistic and integrated set of
strategies.

Customization:

Tailoring strategies to the specific needs and characteristics of the watershed, ensuring their
effectiveness.

Environmental Resilience:
Enhancing the resilience of the watershed ecosystem to natural and anthropogenic pressures.
Community Engagement:

Fostering community involvement by incorporating strategies that align with local practices
and aspirations.

Challenges and Strategies:
Community Resistance:

Strategy: Conducting awareness programs to educate communities about the benefits of
proposed strategies and addressing concerns through open dialogue.

Resource Constraints:

Strategy: Exploring partnerships, securing funding, and prioritizing cost-effective strategies to
overcome resource limitations.

Long-Term Monitoring:

Strategy: Establishing monitoring systems and involving local communities in data collection
to assess the long-term impact of implemented strategies.

The development of strategies in watershed management planning is a dynamic process that
demands a balance between environmental conservation and community needs. By identifying
issues, formulating targeted strategies, and integrating sustainable practices and technologies,
the watershed management plan can contribute to the overall health and resilience of the
ecosystem while supporting the well-being of local communities.

Peoples’ Participation:

Need for People’s Participation in Watershed Management

Rapid Rural Appraisal (RRA) and Participatory Rural Appraisal (PRA) are indeed crucial
techniques for involving local communities in the development and management of natural
resources like land, water, forests, and minerals. These methodologies aim to empower
communities by allowing them to express their knowledge, concerns, and priorities, thus
fostering a sense of ownership and sustainability in development initiatives. However, they
differ in their approach and level of community involvement.

Rapid Rural Appraisal (RRA) was prevalent until the late 1970s and 1980s. It involved external
investigators entering villages to collect data from local people. While RRA facilitated data
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collection and initial assessments, it often faced limitations and flaws, particularly concerning
community participation. One significant drawback was the potential for outsiders to become
central decision-makers, sidelining the local community. This undermined the participatory
nature of the process and could lead to unsustainable development outcomes.

In response to these limitations, Participatory Rural Appraisal (PRA) emerged in the late 1980s
as an evolved approach. PRA emphasizes the direct involvement and leadership of local
villagers throughout the project. Unlike RRA, where external investigators play a dominant
role, PRA ensures that community members control the entire process. They act as learners,
catalysts, and facilitators, taking responsibility for tasks such as mapping, diagramming, and
analysis. By empowering villagers to identify priorities and shape their knowledge and
attitudes, PRA fosters a sense of ownership and agency among the community.

The shift from RRA to PRA reflects a broader recognition of the importance of genuine
participation and empowerment in development initiatives. PRA's emphasis on local leadership
and control helps to overcome the shortcomings of RRA by ensuring that development efforts
align with the needs and aspirations of the community. Ultimately, PRA facilitates more
sustainable and inclusive development outcomes by harnessing the collective wisdom and
resources of the local population.

The success of any watershed management project hinges on the active involvement and
cooperation of villagers, farmers, and ordinary citizens who participate as stakeholders,
beneficiaries, and advocates. Their full engagement is essential for the -effective
implementation of development initiatives within the watershed. These individuals may engage
in various forms of participation to contribute to the project's success.

According to Pretty (1988), the modes of participation include:

1.Passive participation: Individuals participate indirectly in events that are occurring or have
occurred.

2.Participation to supply information: People contribute by providing information through
methods like questionnaires or surveys.

3. Consultative participation: Individuals participate by offering their views and opinions,
which may influence program modifications.

4. Material incentive participation: Participation involves providing resources, such as labor,
in exchange for tangible benefits like food or money.

5. Functional participation: People form groups to achieve specific project objectives.

6. Interactional participation: Individuals engage in direct interaction with implementing
agencies.

7. Self-mobilization participation: People initiate their own mobilization efforts and
corrective actions to actively participate.
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Basic Principles and Fundamentals of PRA
The basic principles of Participatory Rural Appraisal (PRA) are as follows:

Reversal of Learning: PRA involves a shift in the traditional learning approach, where
external experts learn from the local knowledge and experiences of the community members.

Informal Learning: PRA utilizes informal methods to gather and learn from the local
knowledge, encompassing physical, technical, social, and psychological aspects.

Understanding and Analysis: PRA aims to comprehend and analyze the living conditions of
the people, sharing outcomes with them, and collaboratively planning activities based on their
needs and priorities.

Establishing Rapport: PRA focuses on building trust and rapport with the community,
fostering open communication and cooperation.

Problem Identification and Prioritization: PRA facilitates the identification and definition
of community problems, allowing for their prioritization within the village itself.

Immediate Analysis and Survey: PRA emphasizes real-time analysis and survey of village
resources, guided by the principles of attentive listening and continuous learning.

Patient Listening and Interaction: The main principle of PRA involves patiently listening to
the community members and engaging in interactive dialogues to gather information about
their needs, preferences, and available resources.

The fundamentals of Participatory Rural Appraisal (PRA) are outlined as follows:

(1) Sharing: This involves the exchange of information, ideas, knowledge, and experiences
between facilitators (such as policy makers) and villagers (the stakeholder population).

(11) Villagers as Performers: Facilitators should initiate a process wherein villagers actively
participate as performers, engaging in tasks like investigation, analysis, presentation, and
learning.

(111) Self-Critical Awareness: Facilitators engage in continuous self-examination and critical
reflection on their own behavior throughout the process.

(iv) Personal Responsibility: Facilitators prioritize personal responsibility for their actions,
rather than relying solely on authority or rigid sets of rules.

(v) Maximizing Diversity: Emphasis is placed on maximizing diversity to enrich information.
It involves noticing and investigating differences, contradictions, and anomalies, with the goal
of seeking variability rather than conformity to predefined objectives.

(vi) Triangulation: This process involves cross-checking and progressively approximating
truth by assessing findings from different methods, locations, timeframes, and disciplines.

The basics and assumptions of Participatory Rural Appraisal (PRA) are as follows:

(1) Involvement of Local Community: PRA assumes that it is both possible and desirable to
involve the local community in the development projects within the watershed.
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(i1) Increasing Active Participation: PRA assumes that the active participation of local people
can be progressively increased over time as projects continue.

(iii) Learning from Local People: It is assumed that valuable learning can be gained from the
knowledge and experiences of local people.

(iv) Effectiveness of Informal Approaches: PRA assumes that informal approaches and
discussions with local people are more effective as projects progress, compared to formal
methods.

(v) Importance of Multidisciplinary Teams: PRA assumes that multidisciplinary teams are
more effective in completing project tasks smoothly and within the allotted time frame.

(vi) Exploration of Issues from Different Perspectives: PRA assumes that it is essential to
investigate developmental issues from various angles and using different approaches to gain a
comprehensive understanding.

(vii) Exploration of Circumstances and Systems: Instead of solely relying on statistical
findings, PRA assumes that exploring circumstances and systems within the community is
crucial for effective project execution.

The basic approaches that need to be included in Participatory Rural Appraisal (PRA)
are:

(1) Respect for Community: PRA requires due respect for the behaviour, attitudes, aptitude,
and knowledge of the village people. Their perspectives should be valued and incorporated into
the appraisal process.

(i1) Confidence in Community Ability: Facilitators should have full confidence in the ability
of the community to take action and make decisions regarding the development initiatives.

(111)) Learning from the Community: PRA recognizes that there is significant scope for
learning from the community. Their local knowledge and experiences are invaluable for
informing and shaping development projects.

(iv) Empowerment of the Community: Facilitators should encourage and empower the
community to take ownership of the investigation, planning, and analysis processes. This
includes providing support and guidance as needed.

(v) Ownership and Incentives: The community should be incentivized to take ownership of
the outcomes of the PRA process. This sense of ownership acts as an incentive for active
participation and commitment to the project's success.

(vi) Sharing Information and Field Experience: PRA emphasizes the importance of
collecting and sharing information and field experiences collaboratively between facilitators
and the community. This fosters mutual learning and ensures that decisions are informed by a
comprehensive understanding of the local context.

The basic approaches of Participatory Rural Appraisal (PRA) prioritize establishing a positive
relationship between facilitators and the community while empowering local people
throughout the process. PRA aims to involve the community as active agents in development,
utilizing their knowledge and skills to address their own needs effectively. Ultimately, PRA
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recognizes that sustainable outcomes require the active engagement and empowerment of the
community as partners in decision-making and implementation.

Tips for Participatory Rural Appraisal (PRA) Practitioners in Watershed Management:

Unified Team Approach: Foster a unified team dynamic between the Project Implementation
Agency (PIA) and the community to effectively manage all aspects of watershed projects.

Daily Checklist: Develop a daily checklist before fieldwork to ensure comprehensive coverage
of techniques and monitor progress effectively.

Time Allocation for PRA Processes: Allocate sufficient time for the use of PRA processes and
techniques in the field to facilitate thorough engagement and data collection.

Application Across Watershed: Apply PRA techniques across different parts of the watershed
to enable cross-checking, triangulation, and rapport building among diverse societal sections.

Clear Explanation of Objectives and Methodology: Provide detailed explanations of project
objectives and methodology to the group before initiating PR A techniques to ensure clarity and
understanding.

Continual Engagement: Recognize that PRA is a continuous process and ensure ongoing
engagement with techniques throughout the first four years of watershed development.

Judicious Selection of Techniques and Tools: Select PRA techniques and tools judiciously
for each project to optimize results and relevance to local contexts.

Encourage Innovation and Accommodation: Encourage PIA members and the community
to be innovative and accommodating in utilizing suitable PRA techniques and tools.

Promote Team Building Culture: Promote a culture of team building within the community,
including the identification of self-help groups (SHGs) and user groups (UGs) as natural
outcomes.

Flexibility in Approach: Maintain flexibility in project approach to adapt to the evolving
needs and demands of the community.

Community Control of Techniques and Tools: Empower the community to control PRA
techniques and tools, allowing for modification, rectification, evolution, and inclusion of
relevant aspects.

Consider Community Convenience: Allow community members to start work at their
convenience in the morning hours to enhance participation and ownership.

Regular Consultation and Facilitation: Ensure regular consultation and facilitation with the
community to prevent feelings of neglect or exclusion.

Establish Permanent Meeting Place: Select a permanent and spacious meeting place in the
village for discussions and meetings between villagers and PIA members to facilitate ongoing
communication and collaboration.

Myths of Participatory Rural Appraisal (PRA) Techniques
1. "It is Quick"
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Myth: PRA techniques can be conducted swiftly without much time investment from
stakeholders.

Reality: Meaningful PRA requires adequate time for thorough engagement and accurate results.
2. "It is Easy"
Myth: PRA techniques are simple and straightforward to implement.

Reality: Effective PRA requires honed skills in communication, facilitation, conflict resolution,
and negotiation.

3. "Anyone Can Do It"
Myth: PRA can be carried out by anyone without specialized knowledge or training.

Reality: Successful PRA implementation requires insight into organizational management
methods and understanding of community dynamics.

4. "It is a Fancy"
Myth: PRA techniques involve unnecessary complexity and innovation.

Reality: PRA aims to simplify procedures and outcomes to enhance understanding and
participation.

5. "It has No Theoretical Basis"
Myth: PRA lacks a theoretical foundation and is solely based on practical action.

Reality: PRA is rooted in action and research approaches, drawing upon social science theories
to guide methodologies.

6. "It's yesterday's news in today's packaging."
Myth: PRA techniques are merely repackaged old methodologies.

Reality: PRA techniques are adaptable and allow for innovation and modification to suit
different contexts and needs.

7. "Training is Necessary"
Myth: Extensive training is essential for successful PRA implementation.

Reality: While training is beneficial, overly complex training may hinder community
engagement and participation.

8. ""People Involved are Neutral"

Myth: Participants in PRA processes are neutral and unbiased.

Reality: Participants should strive to be impartial, but biases can influence outcomes.
9. "It is Useful Only for Need Assessment"

Myth: PRA is limited to need assessment and not useful for other stages of project
implementation.
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Reality: PRA is versatile and applicable throughout various project stages, including design,
monitoring, and evaluation.

10. "It is Universal"
Myth: PRA techniques are universally applicable across all contexts and communities.

Reality: PRA techniques should be adapted to respect cultural diversity and context-specific
needs.

These myths highlight common misconceptions about PRA techniques and emphasize the
importance of understanding the complexities and nuances involved in their implementation.

The benefits of Participatory Rural Appraisal (PRA) are numerous and impactful:

Empowerment of the Poor and Weaker Sections: PRA techniques empower marginalized
communities by giving them a voice in decision-making processes, enabling them to take
action on need-based proposals.

Improved Community Outlook: Involvement in diverse fields of watershed management
through PRA enhances the outlook of the community, fostering a sense of ownership and pride
in their environment.

Comprehensive Approach to Management: PRA assists both the community and Project
Implementation Agency (PIA) members in various stages of watershed management, including
appraisal, identification, planning, implementation, monitoring, and evaluation.

Identification of Research Priorities: Through PRA, research priorities are identified, and
participatory research initiatives are initiated, ensuring that projects are grounded in the needs
and realities of the community.

Responsive to Community Aspirations: PRA facilitates changes and modifications in
organizational structures and management approaches, aligning them with the aspirations and
needs of the community.

Facilitates Policy Reviews: PRA provides valuable insights for policy reviews in watershed
programs and management, ensuring that policies are responsive to the evolving needs and
priorities of the community.

Overall, PRA serves as a powerful tool for community empowerment, holistic management
approaches, and responsive policy development, ultimately contributing to sustainable
development and improved livelihoods in rural areas.

Different Tools Employed in PRA

Social and Resource Mapping: Social and Resource Mapping engages local communities in
creating maps of village areas, depicting resources and features like living areas, agricultural
lands, water bodies, infrastructure, and hazards. Residents actively participate, using local
knowledge. These maps aid in analyzing spatial information and identifying village problems

and opportunities, empowering residents for further development activities.
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Soil and Hydrology Mapping: Soil and Hydrology Mapping is another participatory tool used
alongside social and resource mapping. Villagers compile detailed data on soil types across
different areas of the village map and hydrological features such as streams, rivulets, and drains
responsible for managing rainfall runoff.

Essential Data Collection in a Tabular Form: Village residents collect essential data
presented in various tabular forms, vital for planning watershed development projects. These
tables include population distribution by caste/class, landholding distribution among families,
employment categories, educational qualifications, livestock numbers, and village
infrastructure connectivity. This data provides a comprehensive snapshot of development
status, aiding in effective project planning.

Ranking Matrix: Villagers conduct a ranking matrix exercise to assess preferences and
attitudes towards various aspects of daily livelithood. For instance, crops like wheat may rank
highest for its use as food, taste, and market value, earning it the top position in the matrix
(rank 1). Similarly, other items like mustard may be ranked lower, occupying subsequent
positions in the matrix (e.g., rank 2). This analysis is typically presented in tabular form to
provide a clear overview of community preferences and valuations.

Historical Time Line tool: The Historical Time Line tool gathers information on the
community's development stages and trends over time, spanning social, economic, educational,
and agricultural aspects. Elderly members of the community, with their historical perspective,
provide insights into past changes systematically. For agriculture, the timeline tracks
occurrences like floods, droughts, adoption of new crop varieties, fertilizer use, and significant
crop yields or failures. Similarly, it records years of irrigation infrastructure, water harvesting
structures, soil erosion events, and land degradation incidents.

Transect or Group Walk: Transect or Group Walk is a participatory rural appraisal method
where villagers walk across the village, verifying items identified during social and resource
mapping. This process provides insights into various aspects such as farming practices, forest
cover, water resources, land use, and infrastructure. It helps gather a comprehensive picture
of village resources, facilitating future planning.

Seasonal Analysis: Seasonal Analysis is a tool used to understand rainfall patterns, crop
cultivation, farmer income, village functions, disease occurrences, etc. Villagers input this
information into a simple table, providing valuable insights into seasonal trends and activities.

Venn diagram: A Venn diagram, as depicted in Fig.1, provides an approximate overview of
existing village infrastructure and their relevance to the community. Circle size and distance
from the center indicate the importance of facilities to the village, with the item in the largest
circle representing the highest need. This tool aids in understanding existing infrastructure and
community needs.
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Fig 14. 2: Venn Diagram, Source: Google

Indigenous Technical Knowledge: Indigenous Technical Knowledge (ITK) is a key tool in PRA
exercises, drawing from the rich traditional wisdom, practices, skills, and beliefs found in rural
communities. Villagers serve as repositories of ITK, offering insights through proverbs, idioms,
drama, dance, and local history. This tool enables them to express their views and share
valuable knowledge within the community.

Women's participation: Women's participation in watershed management development is a
crucial tool, encompassing various activities like agricultural production, fuel wood collection,
water fetching, seed preservation, and milk processing. Additionally, they share knowledge on
traditional foods and medicines, alongside their household responsibilities. Establishing
women's committees in villages can further streamline their involvement in PRA activities.

Participation of NGO: NGOs play a vital role in watershed development by raising
awareness, providing education, arranging field training, and facilitating project evaluation and
monitoring. They act as essential partners in fostering community engagement and advancing
watershed management efforts.

A close relationship exists between rural watershed resources and the community, highlighting
the importance of community participation in watershed development and management. Rapid
Rural Appraisal (RRA) has become outdated due to significant drawbacks, leading to the
evolution of Participatory Rural Appraisal (PRA) in the late 1980s. In PRA, villagers play a
central role in project monitoring. Villagers, farmers, and common people are active
participants in PRA, acting as beneficiaries and promoters of watershed developmental works.
PRA emphasizes listening and progressive learning, facilitating immediate analysis and survey
of village resources. Project Implementation Agencies (PIA), formed for successful watershed
project completion, collaborate closely with the community. Both PRA and PIA offer numerous
benefits to various community segments. PRA encompasses various tools and techniques,

including social and resource mapping, soil and hydrology mapping, tabular data collection,
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ranking matrix, historical timeline, seasonal analysis, transect or group walk, Venn diagrams,

indigenous technical knowledge (ITK), women’s participation, and NGO involvement.

Preparation of Plans:

1. Action Plans

a. Detailing Specific Actions

Problem Identification: Begin by identifying and analyzing the key issues affecting the
watershed. This may include soil erosion, water pollution, loss of biodiversity, etc.
Stakeholder Involvement: Involve community members, experts, and relevant stakeholders
in identifying feasible and effective actions. Consider both short-term and long-term strategies.
b. Assigning Responsibilities and Timelines:

Stakeholder Roles: Clearly define the roles and responsibilities of various stakeholders,
including community members, local authorities, NGOs, and government agencies.
Timelines: Establish realistic timelines for the implementation of each action item. This
ensures accountability and facilitates efficient monitoring.

c. Integration with Community Knowledge:

Local Expertise: Integrate local knowledge and traditional practices into the action plans. This
not only respects the community's wisdom but also increases the likelihood of successful
implementation.

2. Monitoring and Evaluation

a. Developing a Robust Framework

Indicator Selection: Define measurable indicators to assess the success of implemented
measures. These indicators may include water quality parameters, soil health, vegetation cover,
and community well-being.

Data Collection: Establish a systematic process for collecting relevant data. This may involve
training community members in data collection techniques and utilizing technology where
applicable.

b. Incorporating Community Feedback

Community Engagement: Actively involve the community in monitoring and evaluation
processes. This can be done through regular meetings, surveys, and participatory workshops.
Adaptive Management: Create a feedback loop where community feedback is used to adapt
and modify plans as needed. This ensures that the management strategies remain responsive to

changing conditions and community needs.
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3. Resource Mobilization:

a. Identifying Potential Funding Sources

Government Programs: Explore government programs that support watershed management.
This may include grants, subsidies, or incentives for sustainable practices.

NGO Collaboration: Partner with non-governmental organizations (NGOs) that focus on
environmental conservation. They often have access to funding and technical expertise.
Private Sector Engagement: Explore partnerships with private companies interested in
corporate social responsibility (CSR) initiatives related to environmental sustainability.

b. Efficient Resource Utilization:

Cost-Benefit Analysis: Conduct a thorough cost-benefit analysis for each proposed action.
Prioritize activities that deliver the maximum impact for the resources invested.

Community Contributions: Explore ways to involve the community in resource mobilization,
whether through voluntary labour, material contributions, or fundraising activities.

c. Capacity Building for Financial Management:

Financial Literacy: Provide training to community members on financial management related
to watershed projects. This includes budgeting, record-keeping, and transparent financial
reporting.

Grant Writing Skills: Build the capacity to write compelling grant proposals, ensuring that

the community can effectively communicate their needs and plans to potential funding sources.

14.4 SUMMARY

Watershed management planning in India emphasizes the active involvement of local
communities, known as people's participation, in the preparation of plans. This participatory
approach involves various stages, including participatory planning, capacity building, social
mobilization, institutional strengthening, implementation, and monitoring. Through
participatory planning processes, communities identify watershed boundaries, assess local
resources and needs, and develop strategies for sustainable management. Capacity building
initiatives enhance the knowledge and skills of community members, while social mobilization
efforts foster collective action. Strengthening local institutions is crucial for effective
governance, while implementation and monitoring involve active engagement of communities
in on-ground activities. Integrating traditional knowledge with modern approaches enhances

the effectiveness and sustainability of watershed management plans. Overall, people's

UNIT 14 WATERSHED MANAGEMENT PLANNING Page 315 0f 319



M.A/M.Sc. GEOG-508 UTTARAKHAND OPEN UNIVERSITY

participation is essential for promoting sustainable development, conserving natural resources,

and improving rural livelihoods in watershed management initiatives across India.

14.5 GLOSSARY

NGO: NGO stands for Non-Governmental Organization, which is a non-profit, voluntary
citizen group organized at the local, national, or international level, independent of government

control, that works towards addressing social, cultural, environmental, or humanitarian issues.

CSR: Corporate Social Responsibility (CSR) refers to a company's initiative to integrate social
and environmental concerns into its business operations and interactions with stakeholders,
aiming to have a positive impact on society while also enhancing its reputation and

sustainability.

Survey: Surveys are structured data collection tools used to gather information from a sample
of individuals or groups to understand opinions, preferences, behaviors, or attitudes on specific

topics or issues.

Stakeholder: Stakeholder: Individuals, groups, or organizations with an interest or concern in
a particular project, organization, or system, whose actions or decisions can affect or be affected

by it.

Data: Data: Facts, statistics, or information collected, organized, and analyzed for reference or

further processing.

14.6 ANSWER TO CHECK YOUR PROGRESS

1. Do you know that monsoon is a seasonal wind pattern that brings heavy rainfall to certain
regions during specific times of the year. It is characterized by a shift in wind direction,
typically associated with the reversal of prevailing winds, leading to significant precipitation

and often affecting agriculture, water resources, and climate patterns in affected areas.

2. Do you know that Indigenous Technical Knowledge (ITK) refers to the expertise, skills, and
practices developed by indigenous communities over generations to address their specific
needs and challenges. It encompasses traditional methods, techniques, and innovations in
various fields such as agriculture, medicine, architecture, and resource management, often
rooted in local wisdom, cultural practices, and environmental sustainability.
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14.8 TERMINALS QUESTIONS

Long Questions

1.What is the history of watershed management planning in India?

2. Role of People Participation in Watershed Management planning. Explain it in 800 words.

3. Write an essay on Institutional Arrangement of watershed management planning in India.

Short Questions

1. What is Participatory Rural Appraisal?
2.How can NGO’s play a significant role watershed management planning?
3.Write 200 words about the role of RS& GIS techniques in watershed management planning?

4.What are the major guidelines for watershed management programmes?

Multiple Choice Questions

1.Which program was launched in 1977-78 to combat desertification in desert regions by
integrating various state and central programs?

a) Desert Conservation Initiative
b) Desert Development Program
c¢) Arid Land Management Scheme
d) Desert Reclamation Project

2.When was the Integrated Wasteland Development Programme (IWDP) launched?

a) 1977
b) 1989
c) 1995
d) 2001
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3.What was the primary focus of the Integrated Wasteland Development Programme
(IWDP)?

a) Agricultural intensification

b) Urban development

¢) Silvi-pasture and soil moisture conservation
d) Industrial expansion

4. What is full-form of (NABARD).

a) National Bank for Agriculture and Rural Development
b) Nainital Bank for Agriculture and Rural Development
c¢) National Bharat for Agriculture and Rural Development
d) National Bank of Agriculture and Rural Development
Answer)l. b, 2.b,3.¢c,4.a
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