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Unit 01: Introduction to Watershed Management 

Unit Structure 

1.0 Learning Objectives 
1.1 Introduction 
1.2 Definition of Watershed· 
1.3 Need of Watershed Management 
1.4 Principles and concepts of Watershed Management 

1.4.1 Principles of Watershed Management 
1.4.2 Concepts of Watershed Management 

1.5 Objectives of Watershed Management 
1.6 Focus of Watershed Management 
1.7 Scope of Watershed Management 
1.8 Importance of Watershed Management 
Summary 
 

1.0 Learning Objectives 

After going through this unit, you would be able to: 

• To familiarize with the definition and concept of watershed management  

• Recognize the Need for Watershed Management 

• Appreciate the Scope and importance of watershed management 

• Analyze the socio-economic and environmental impacts 

1.1 Introduction  

Watershed management is the process of guiding and organizing use of land and other 

resources in the watershed to provide desired goods and services without adversely 

affecting soil, water and other natural resources. In a broader sense, watershed 

management includes keeping the balance between natural ecosystems, plants, land, 

and water on the one hand and human activities on the other. The goal of watershed 

management programs is to improve soil health, tilth, and drainage, as well as to make 

better use of collected and stored rainfall for extra irrigation, which will lead to improved 

productivity and higher economic returns. From a community development perspective, 

watershed management programs seek to mitigate flooding, waterlogging, and soil 

erosion to enhance agricultural output and ensure a more reliable, cleaner water 

supply for home and industrial purposes. These programmes also help in minimizing 
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risk of floods in rural and urban areas down streams, reducing sedimentation and 

conserving natural resources efficiently and effectively. Watershed management 

programmes strive to improve the lot of the entire farming communities rather than 

focusing on individual farmers only. 

1.2 Definition of Watershed· 

A watershed is a topographically defined as “an area of land that drains rainfall and 

surface runoff through a system of streams and rivers to a common outlet, such as a 

reservoir, lake, or the sea”.  

In another words a watershed is “a natural hydrological unit of land where all the 

rainwater or surface runoff drains through a common outlet, such as a stream, river, 

lake, or ocean”. It represents a natural hydrological unit that can also serve as a 

physical, biological, and socio-economic-political unit for the planning and 

management of natural resources. 

A watershed, to put it simply, is a land area where all of the water that falls within its 

boundaries converges at one exit point. A watershed's ridge is its highest point, and 

the ridgeline is the line that runs through all of the ridge points along the boundary. 

Thus, the catchment area, command area, and delta region connected to a stream 

system may all be considered parts of a watershed. A watershed's vegetation, water, 

and soil all depend on one another, making it a logical and scientific unit for resource 

planning that guarantees the best possible development and sustainable use of 

biomass, water, and soil resources. 

1.3 Need of Watershed Management 

The quick decline of natural resources and the growing strain of people on land and 

water make watershed management necessary. Deforestation, overgrazing, intensive 

farming, and improper land use are examples of unsustainable practices that have 

resulted in soil erosion, decreased fertility, decreased groundwater recharge, and 

biodiversity loss. Consequently, there has been a significant decline in agricultural 

output, a rise in water scarcity, and an ecological imbalance. 

In order to meet the increasing need for food, fuel, fodder, and water, as well as to 

conserve soil, water, and vegetation resources, watershed management is crucial. 

Fertile topsoil, which is necessary for food production, has been depleted due to soil 

erosion and land degradation. Particularly in rainfed areas, rainfall is frequently 
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unpredictable, leading to unanticipated droughts and floods during off-seasons. 

Through rainfall collection, groundwater recharge, and better land-use practices, 

watershed management reduces these hazards and guarantees year-round water 

availability. 

For the protection of water resources, the watershed strategy is equally essential. The 

storage capacity of rivers, reservoirs, and tanks is diminished by soil erosion and 

siltation, endangering supplies of drinking water and irrigation water. By stabilizing 

soils, lowering runoff, and preserving plant cover, watershed management improves 

water security and protects downstream water consumers. 

From a socioeconomic perspective, watershed management is revolutionary. The 

majority of rural communities, especially women, landless laborers, and small farmers, 

rely heavily on natural resources to survive. Since labor is required for a variety of 

development activities, including soil and water conservation, afforestation, 

agroforestry, horticulture, livestock development, and fisheries, among others, 

government watershed management initiatives create jobs. They also guarantee that 

the stakeholders share the rewards fairly. Additionally, it strengthens local institutions 

and encourages community involvement in planning and management, both of which 

empower rural communities. 

The livelihoods of the affected communities are seriously threatened by watershed 

erosion, particularly in emerging nations. Deforestation, overgrazing, and 

unsustainable farming are further consequences of the enormous strain that population 

increase places on forests, grazing grounds, and marginal agricultural areas. All of 

these factors contribute to the rapid sedimentation of river systems, decrease stream 

flow, and subsequently escalate stakeholder conflicts. 

By restoring damaged lands, natural streams, and water resources, watershed 

management effectively addresses all of these problems and creates an ecologically 

balanced environment. Watershed management helps to counteract the Malthusian 

effect, which maintains that population increase tends to outrun food supplies. 

Watershed management helps bridge the gap between resource availability and 

population growth by ensuring sustainable water use, boosting land productivity, and 

restoring ecological health. 
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1.4 Principles and concepts of Watershed Management  

The combined conservation and use of natural resources within a region or watershed 

is known as watershed management. In order to reduce soil erosion, increase water 

availability, and raise the region's general productivity, it involves the coordinated 

planning and management of land, water, and vegetation. By taking into account the 

interactions between the environment and human activity, watershed management 

seeks to guarantee the sustainable use of resources for both current and future 

generations. In addition to preserving ecological balance, this strategy promotes rural 

development by raising agricultural productivity and the standard of living for 

communities participating in watershed initiatives. 

1.4.1 Principles of Watershed Management  

In order to ensure the prudent use of soil, water, and vegetation resources on the one 

hand, and the establishment of harmony with the natural environment and the needs of 

local populations on the other, watershed management is founded on a set of guiding 

principles. They are: 

• Preservation of the environment 

• An Integrated Method 

• Utilize land in accordance with its potential  

• Harvesting water and using it effectively 

• The interaction between soil, water, and plants 

• A bottom-up and participatory method 

• Fairness in allocating resources 

• Sustainability and productivity 

• Control of flooding and siltation 

• Eco-friendly and holistic development 

1.4.2 Concepts of Watershed Management 

Any natural hydrological unit of land where all precipitation flows to a single outlet, like 

a river, stream, or reservoir, is called a watershed. It encompasses both groundwater 

and surface water that are present in the region. It is the process of optimization of the 

use of land, water, and other natural resources within a watershed to provide goods 
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and services without compromising the soil, water, vegetation, and other natural 

resources. It is a holistic approach that integrates conservation, sustainable use, and 

development. Key Concepts of Watershed Management are:  

1. Holistic Approach: Here the watershed is treated as a single hydrological and 

ecological unit where soil, water, vegetation, and human components are 

integrated together for evolving a better ecosystem. 

2. Resource Conservation and Utilization: It gives much emphasis on soil and 

water conservation, thus, helps minimizing erosion and improvement in water 

availability and its quality. It also promotes efficient and sustainable utilization of 

natural resources. 

3. Sustainable Development: Ensures long-term productivity of land and water 

resources and Improves livelihood opportunities without degrading the 

environment. 

4. Participatory Approach: Involves local communities in planning, implementation, 

and maintenance and also encourages equitable sharing of benefits and 

responsibilities. 

5. Integrated Land-Use Planning: Considers agriculture, forestry, pasture, and 

settlements in relation to their effect on soil and water. It also promotes land-use 

practices suitable for slope, soil type, and rainfall conditions.  

6. Community development by involving local people in decision-making. 

1.5 Objectives of Watershed Management  

The primary aim of watershed management is to address land and water use issues by 

recognizing the interdependence of all resources, necessitating their collective 

consideration. The watershed seeks to enhance the standard of living for individuals in 

the basin by increasing earning capacity through the provision of facilities such as 

electricity, irrigation water, drinking water supply, and protection from floods and 

droughts. Watershed management aims at efficient utilization of the entire resources 

namely soil, water, crop including plantation, livestock, fishery and human population 

etc. for sustained prosperity of the watersheds. The overall objectives of watershed 

development programme are outlined below:  

1) Soil and Water Conservation: It control soil erosion, conserve water, and 

reduce land degradation. It promotes rainwater harvesting, groundwater 
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recharge, and multipurpose reservoirs to enhance water availability and 

reduce flood risks. 

2) Sustainable Agriculture: It improves land-use practices for higher 

productivity through diversification of farming systems such as agroforestry, 

horticulture, fisheries, and thereby help in ensuring food security. 

3) Livelihood and Socio-economic Improvement: It helps in generating rural 

employment, promote small-scale agro-industries and cottage industries, and 

improve storage, transport, and marketing facilities. 

4) Environmental Protection: It encourage afforestation, biodiversity 

conservation, and pollution control (soil, water, and air). 

5) Community Development: It strengthen people’s participation, improve 

infrastructure, and enhance socio-economic status of farmers. 

The above objectives can be achieved by planning and implementing the programme 

in a systematic way with active participation of community, farmers including 

constitution of cooperative watershed management societies. 

1.6 Focus of Watershed Management 

Watershed programmes mainly focus on the following things:  

• Village common lands as well as private lands;  

• Institutionalized community participation;  

• Sustainable rural livelihood support system;  

• Decentralized planning and decision making;  

• Ridge to valley treatment approach;  

• Integrated and holistic development of the watershed unit;  

• Protecting natural resources through stakeholders' participation; and  

• Providing best unit for planning a development programme. 

1.7 Scope of Watershed Management 

Watershed management has a wide scope as it integrates soil, water, vegetation, and 

human activities within a natural hydrological boundary. Its scope extends to soil and 

water conservation, rainwater harvesting, groundwater recharge, and flood 

management. It also includes afforestation, pastureland development, biodiversity 
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conservation and also sustainable agricultural practices. It also takes into account the 

various socio-economic aspects such as community participation, employment 

generation, and livelihood improvement and diversification through horticulture, animal 

husbandry, and fisheries. In addition to this, watershed management also addresses 

the issues of climate change, pollution control, and sustainable development, thus, 

making it a discipline of multidisciplinary approach. 

1.8 Importance of Watershed Management 

Watershed management has many benefits that connect protecting the environment 

with bettering people's lives. It is very important for protecting soil and water because it 

stops erosion, stops land degradation, lowers siltation, and speeds up groundwater 

recharge. These steps make the soil healthier, keep it moist, and make better use of 

land and water resources, which in turn increases agricultural productivity. Farmers 

can use different cropping systems and integrated farming practices that mix crops, 

horticulture, livestock, and fisheries. These methods help farmers make more money 

and keep their yields steady. Watershed management also helps minimize floods by 

controlling surface runoff and makes sure there is always water available by using 

harvesting and storage methods. This lessens the effects of droughts. From an 

environmental point of view, it keeps the balance between soil, water, plants, and 

people, protects biodiversity, and cuts down on pollution. It helps people keep their 

jobs, start businesses in rural areas, and share resources fairly by getting people 

involved in the community. Watershed programs also improve rural infrastructure, like 

irrigation systems, storage buildings, and road connections. They also give scientists a 

way to plan and manage natural resources more effectively. Watershed management 

improves productivity, protects the environment, and helps rural areas grow in the long 

run. 

1. Soil Conservation and Land Productivity: By using techniques like contour 

bunding, check dams, vegetative barriers, and afforestation, watershed management 

lessens soil erosion brought on by wind and water. By preventing the loss of fertile 

topsoil, it preserves soil nutrients and raises crop output. For instance, watershed 

initiatives have restored damaged areas and turned them into arable fields in India's 

semi-arid regions. 

2. Water Availability and Security: Rainwater harvesting infrastructure, such as 

check dams, nala bunds, percolation tanks, and agricultural ponds, helps replenish 
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groundwater supplies and store surface water. They can ensure there is always 

adequate water for drinking, irrigation, and animal needs by doing this instead of 

depending on the unpredictable monsoon rains. During a drought, these buildings are 

especially useful in arid and semi-arid regions. They reduce the likelihood of flooding in 

areas with heavy rainfall and help control excessive runoff. 

3. Sustainable Agriculture: By taking these actions, the soil becomes more fertile and 

wet, improving and stabilizing agricultural yields. Additionally, they support practices 

such as organic farming, mixed farming, agroforestry, and cultivating a variety of crops. 

These techniques are also helpful in promoting dryland farming, which is crucial for 

farmers in areas that receive the majority of rainfall, which accounts for about 70% of 

India's total acreage. 

4. Forest and Vegetation Improvement: Afforestation, social forestry, and pasture 

development are the main focuses of watershed management. By supplying fuelwood, 

fodder, lumber, and other minor forest products to the affected people, it lessens the 

strain on natural forests and natural resources. As a result, biodiversity conservation is 

improved and desertification is avoided. 

5. Groundwater Recharge: Water seeps into subterranean aquifers through the 

installation of infiltration structures and the conservation of catchment areas. Thus, it 

guarantees the availability of groundwater for a long time. In addition to preventing 

excessive groundwater extraction and depletion, it improves drinking water facilities in 

both urban and rural locations. 

6. Flood and Drought Control: By improving water infiltration, such methods lessen 

surface runoff and the likelihood of flooding during periods of heavy rainfall. The stored 

water helps to maintain agriculture and mitigate the adverse impacts of dry spells by 

supplying a consistent supply for crops and other requirements during dry spells. 

7. Economic benefits and livelihood improvement: Watershed management 

activities create employment through soil conservation measures, plantations, and the 

construction of water harvesting structures. They also encourage allied occupations 

like dairy, goat rearing, poultry, horticulture, fisheries, and sericulture. These initiatives 

help raise household incomes, alleviate poverty, and reduce the migration of rural 

populations to urban areas. 

8. Community Development and Participation: Watershed projects are often 

implemented through community involvement, ensuring people’s ownership and 
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responsibility. It helps in promotion of equitable distribution of resources among 

farmers, landless labourers, and weaker sections of the society. It also strengthens 

social institutions and encourages people’s’ participatory in the village planning and 

development. 

9. Environmental Protection: It checks soil degradation, desertification, and the 

siltation of rivers and reservoirs. Using fertilizers, insecticides, and good waste 

management wisely can also help cut down on pollution in the air and water. Also, 

planting trees and afforestation under these kinds of practices helps store carbon, 

which helps fight climate change. 

10. Climate Resilience and Sustainability: It makes us more able to deal with 

unpredictable rain, long periods of drought, and changes in the weather. Helps keep 

the balance between the supply and demand for natural resources. It also helps 

ecosystems and people's livelihoods last over the long term. 

Summary 

The primary goal of watershed management is to establish a balance in natural 

ecosystems as well as fulfilling human requirements. It emphasizes practices such as 

soil and water conservation, rainwater harvesting, groundwater recharge, afforestation, 

sustainable farming, and diversified livelihoods. It puts a check in soil from erosion, 

land degradation, floods, and the effects of drought from getting worse. Socio-

economically, it enhances farm productivity, creates rural employment, strengthens 

local institutions, and improves living standards, particularly for small farmers and 

landless households. 

The need for watershed management stems from the increasing degradation of natural 

resources, especially in developing countries, where rising population and 

unsustainable land-use practices have caused deforestation, overgrazing, soil erosion, 

and reduced water availability. These issues not only threaten agricultural productivity 

but also contribute to river and reservoir sedimentation, resulting in floods, droughts, 

and ecological imbalance. Watershed management programs offer a scientific 

approach to address these challenges by integrating ecological restoration with 

economic development.  

The goals of watershed management are to protect soil and water, improve agricultural 

production, make sure there is a reliable water supply, help rural people in their 
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livelihood, and keep the ecosystem stable. Some of the main goals are to stop soil 

erosion and siltation, collect rainwater for irrigation and household use, recharge 

groundwater, stop floods, provide fuel and fodder by planting trees, and create jobs 

through resource-based activities like agroforestry, horticulture, livestock, and fishing. 

The method also stresses how important it is for communities to be involved in 

planning, carrying out, and keeping things running, so that everyone in society has 

equal access to benefits. 

The scope of watershed management is extensive, including conserving soil and 

water, preventing floods and droughts, promoting sustainable agriculture, protecting 

biodiversity, planting trees, and developing pastures. In addition to its ecological 

benefits, it also helps with socio-economic growth by creating jobs, lowering poverty, 

encouraging related activities, and giving rural people more power. Watershed 

management also deals with modern problems including climate resilience, pollution 

control, and sustainable resource use. This makes it a multidisciplinary approach that 

brings together environmental, agricultural, and social issues. 

The fundamental principles of watershed management focus on the careful 

conservation and sustainable use of natural resources. These principles include using 

land according to its capability, conserving soil and water, and integrating the planning 

of agriculture, forestry, and pasture development. They also stress efficient water 

harvesting and utilization, maintaining the balance between soil, water, and vegetation, 

and adopting participatory, bottom-up planning approaches. Ensuring fair distribution of 

resources, long-term productivity, and sustainability are also key aspects. Additionally, 

watershed management principles highlight flood and sediment control, 

environmentally friendly practices, and holistic development driven by active 

community involvement. 

There are several ways to look at the importance of watershed management. First, it 

helps conserve soil and make land more productive by stopping the loss of fertile 

topsoil, which leads to improved crop yields. Second, it makes sure that there is always 

enough water by collecting rainwater and recharging groundwater. This means that 

people don't have to rely on rain that isn't always there. Third, it encourages 

sustainable farming by encouraging crop diversity, mixed farming, agroforestry, and 

organic methods, which are especially important in areas where crops are grown 

without irrigation. Fourth, it helps forests and plants develop by giving them resources 



 
Watershed Management FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY                                                                                                             Page 11 

like fuelwood, feed, and timber, and it takes some of the burden off of natural forests. 

Fifth, it helps regulate floods and droughts by reducing surface runoff during heavy rain 

and making sure there is always water available during dry spells. Sixth, it helps the 

economy and people's livelihoods by creating jobs, raising agricultural earnings, and 

allowing people to branch out into related rural enterprises. Seventh, it helps 

communities grow by getting people involved in planning and making sure that 

resources are shared fairly. Eighth, it helps safeguard the environment by stopping 

land erosion, desertification, and pollution, while also increasing biodiversity and 

carbon sequestration. Finally, watershed management helps rural areas deal with 

unpredictable rains, droughts, and changes in the weather. It also helps the 

environment stay healthy and strong. 

In summary, watershed management is more than a program for conserving 

resources; it is a comprehensive development strategy that harmonizes ecological 

sustainability with socio-economic progress. By integrating soil, water, vegetation, and 

human activities, it promotes optimal resource use, enhances agricultural productivity, 

prevents land and water degradation, and supports the livelihoods of rural 

communities. Its participatory, community-centered approach ensures fairness and 

long-term effectiveness. In the face of increasing population pressures, climate 

change, and environmental challenges, watershed management has become an 

essential tool for sustainable development, ecological stability, and livelihood security. 

It exemplifies a holistic approach where conservation, development, and community 

well-being are achieved together. 
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Unit 02: History and Evolution of Watershed 

Management  

Unit Structure 

2.0 Learning Objectives 
2.1 Introduction 
2.2. History and evolution of watershed management 

2.2.1. Phase I: Early Efforts and the Post-Independence Engineering Focus (Pre-1980s) 
2.2.2. Phase II: The Paradigm Shift Towards Integrated and Participatory Management 
(1980s-2000s) 
2.2.3. Phase III: Towards a Common Framework and Livelihood Integration (2000s-
Present) 
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2.0 Learning Objectives 

After going through this unit, you would be able to: 

• To know about history and evolution of watershed  

• Recognize the Need for Watershed Management 

• Appreciate the Scope and importance of watershed management 

• Analyze the socio-economic and environmental impacts 

2.1 Introduction 

Water scarcity and land degradation have long been problems for India, a nation where 

a significant proportion of the populace depends on rainfed agriculture. Because of the 

unpredictable monsoons and the country's diversified and delicate terrain, managing 

natural resources has become more complex and flexible. Traditional water conservation 

methods have been in place for generations, but the most important and all-

encompassing approach to the nation's sustainable development is the contemporary, 

scientific paradigm of watershed management. The primary planning unit for this method 
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is a watershed, which is a geo-hydrological unit where all of the water from a specific 

area drains to a single location.  

Watershed management in India has evolved gradually but profoundly, from a restricted, 

top-down engineering concentration to a broad, participatory, livelihood-centric strategy. 

This chapter traces this historical progress, examining the major laws, scientific theories, 

and groundbreaking initiatives that have contributed to India's watershed development. 

2.2. History and evolution of watershed management 

Water has been the most valuable natural resource since the beginning of civilization. 

The appropriate management of fresh water has always been crucial because of its 

limited supply. Due to the extraordinary increase in demand brought on by the constantly 

expanding population, it has now taken on significant importance. The earliest water-

related initiatives were primarily focused on reducing flood losses and managing torrents 

in steep, unstable mountainous regions. Water shortages were considered less 

significant than the harm and destruction caused by uncontrolled water flows. Irrigation 

systems were developed as a result of the evolution of water storage structures to 

regulate water flow. The capacity of the water storage structures was significantly 

reduced due to siltation issues. Soil conservation techniques were used to reduce soil 

erosion in the watershed in order to address this issue.  

Watershed technology reached its full potential with the beginning of the modern era. 

Since World War II, watershed management has drawn a lot of interest from throughout 

the globe. Initially, the concept of watershed management was introduced top-down, 

emphasizing the implementation of soil and water conservation strategies. Without 

obvious and immediate benefits from soil and water conservation measures, the 

watershed community's involvement—which is essential to the success of watershed 

initiatives—could not be ensured. A bottom-up approach was used to replace the top-

down approach of implementing soil and water conservation measures in order to build 

a self-sustaining system that is essential for the sustainability of the watershed. When 

developing a watershed, care must be taken to ensure that the ecological balance is 

preserved and that no harm is done to the natural resources of the watershed, 

particularly its soil and water. 

Watershed management is carried out by a number of national and international 

organizations, such as the International Association of Scientific Hydrology, the Food 



Watershed Management FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY                                                                                                             Page 14 

and Agriculture Organization (FAO), the World Meteorological Organization, the 

International Union for Conservation of Nature and Natural Resources, the International 

Union of Forest Research Organization, and others. 

2.2.1. Phase I: Early Efforts and the Post-Independence Engineering Focus (Pre-

1980s) 

India's current watershed management has its roots in pre-independence times, when 

local efforts to save soil and water were launched in response to specific problems. But 

throughout the post-independence period, these programs were documented and 

integrated into national planning. At first, there was a strong focus on top-down 

implementation and large-scale engineering solutions due to the pressing need for 

industrial growth and food security. 

 

Traditional Systems and Earlier Conservation  

Indian societies had created highly advanced indigenous techniques for soil 

conservation and water collection before the development of modern science. Ancient 

examples of micro-watershed management include the ahar-pyne in Bihar, the tanks 

in Southern India, and the khadins in Rajasthan. These systems exhibit an intuitive 

awareness of hydrology and resource interdependence. Frequently, local communities 
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used clearly defined institutions and traditions to administer these systems. These 

historic structures were neglected and degraded as a result of the weakening of many 

community-managed organizations brought about by the fall of ruling families and the 

arrival of colonial rule. 

The Dawn of National Planning and Sectoral Programs 

Following independence, the First Five-Year Plan (1951-1956) recognized the crucial 

link between soil conservation and agricultural productivity. The establishment of the 

Central Soil and Water Conservation Research and Training Institute (CSWCRTI) in 

Dehradun in 1954 marked a significant step towards institutionalizing scientific research 

in this field. 

A sectoral strategy, with various government ministries operating independently, was the 

defining feature of this era. In order to regulate floods and provide irrigation for a green 

revolution, the main focus was on large-scale infrastructure projects like dams and river 

valley projects (like the Damodar Valley Corporation). Despite the apparent advantages 

of these projects, they frequently neglected the upstream catchment areas, which 

resulted in issues like soil erosion and reservoir siltation. 

The introduction of programs targeted at certain issue areas marked the first significant 

steps towards a more integrated, albeit still top-down, approach: 

The goal of the River Valley Projects (RVP), which were started in the 1960s, was to 

reduce siltation and manage soil erosion in the reservoirs of significant river valley 

projects.  

The goal of the Drought Prone Area Programme (DPAP), which was started in 1970–

71, was to treat non-arable lands and drainage lines for in-situ soil and moisture 

conservation in order to lessen the negative effects of drought in areas that were already 

at risk. 

The Desert Development Programme (DDP) was established in 1977–1978 with the goal 

of preventing desertification by stabilizing dunes and planting trees. 

Despite their good intentions, these projects were flawed by their fragmented, sectoral 

strategy and lack of community involvement. Because the village inhabitants were 

viewed as passive recipients rather than active collaborators, the assets produced 

frequently lacked upkeep and long-term viability. 
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2.2.2. Phase II: The Paradigm Shift Towards Integrated and Participatory 

Management (1980s-2000s) 

The 1980s and 1990s marked a pivotal turning point. Decades of top-down interventions 

revealed that purely technical solutions were insufficient. The failures of many 

government-led projects highlighted the critical need for an integrated and participatory 

approach, where local communities were at the heart of the planning and implementation 

process. This shift was heavily influenced by a few successful, pioneering grassroots 

projects and a growing body of scientific literature on community-based natural resource 

management. 

Case Studies:  

1. The Sukhomajri Experiment: A Scientific and Social Breakthrough 

The Sukhomajri watershed project, initiated in the mid-1970s, stands as a seminal 

example of this paradigm shift. The village of Sukhomajri, located in the foothills of the 

Shivalik Hills in Haryana, was a poster child for land degradation and poverty. 

Overgrazing and deforestation had led to severe soil erosion, which was causing rapid 

siltation of the downstream Sukhna Lake, the lifeline of the city of Chandigarh. 

The Sukhomajri Experiment, led by the CSWCRTI, demonstrated a brilliant fusion 

of scientific and social interventions. 

Scientific Interventions: The CSWCRTI team implemented a ridge-to-valley approach. 

They constructed small earthen check dams (gabion structures) and contour bunds in 

the upper reaches of the watershed. This effectively trapped rainwater, reduced soil 

erosion, and enhanced groundwater recharge. The soil loss from the highly eroded 

Shivaliks was dramatically reduced from eighty tonnes to less than one tonne per 

hectare in a decade. 

Social Fencing and Community Participation: The most innovative aspect was 

"social fencing." The community, with the support of the project team, agreed to 

voluntarily stop grazing their cattle in the degraded hills. In return, the villagers were 

given exclusive rights to the grass and water from the newly created check dams. The 

creation of the Hill Resource Management Society (HRMS), a local institution, was a 

game-changer. The HRMS managed the water distribution, with each household 

receiving an equal share regardless of their landholding, thus promoting equity. 



Watershed Management FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY                                                                                                             Page 17 

Impact and Scientific Validation: The results were staggering. The project led to a five-

fold increase in wheat yields and a four-fold increase in maize yields within a decade. 

The rise in the groundwater table allowed farmers to grow a second crop, transforming 

the village's economy. The success of Sukhomajri provided irrefutable scientific 

evidence that a combination of mechanical, vegetative, and social interventions could 

lead to a self-sustaining ecological and economic turnaround. It became a powerful 

model for community-based watershed management that was replicated across the 

country. 

2. The Ralegan Siddhi Model: A Socio-Technical Revolution 

Another exemplary model that emerged during this period was Ralegan Siddhi in 

Maharashtra, under the leadership of social activist Anna Hazare. In the 1970s, the 

village was a drought-prone, impoverished, and socially fragmented community. Anna 

Hazare's approach was a holistic one, combining watershed management with social 

reforms. 

Integrated Interventions: The project focused on a comprehensive ridge-to-valley 

treatment. They constructed continuous contour trenches, earthen check dams, and a 

percolation tank. Extensive afforestation was carried out on hill slopes and common 

lands. The scientific basis for these interventions was to maximize the infiltration of 

rainwater and minimize runoff. 

The Social Dimension: Hazare introduced five core principles: a ban on tree-felling, 

free grazing, and liquor production; family planning; and voluntary labour (shramdaan). 

The community-wide adherence to these "moral codes" was as important as the physical 

structures. The collective effort mobilized the entire village, building a strong sense of 

ownership and social capital. 

Impact and Legacy: The transformation of Ralegan Siddhi was profound. The 

groundwater table rose significantly, and the area under irrigation expanded from a mere 

20 hectares to over 350 hectares. The shift from a single, rainfed crop to double and 

triple cropping of high-value crops like onions and potatoes not only ensured food 

security but also dramatically increased household incomes. The Ralegan Siddhi model 

demonstrated that watershed management is not just a technical exercise but a socio-

technical process that requires strong community leadership and a unified social vision 

to be truly sustainable. 
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3. The National Watershed Development Project for Rainfed Areas 

(NWDPRA) 

Inspired by these successful models, the Government of India launched the National 

Watershed Development Project for Rainfed Areas (NWDPRA) in 1990-91. This was 

a landmark initiative that represented a formal adoption of the integrated watershed 

approach on a national scale. The project's objectives were: 

• To conserve and develop natural resources. 

• To enhance agricultural productivity in rainfed areas. 

• To restore ecological balance. 

2.2.3. Phase III: Towards a Common Framework and Livelihood Integration (2000s-

Present) 

By the turn of the millennium, it was clear that while the integrated watershed approach 

was sound, the execution needed to be more standardized and flexible to accommodate 

diverse agro-ecological zones. The numerous government schemes being implemented 

by different ministries (e.g., Rural Development, Agriculture, Forest) often operated in 

silos, leading to a lack of convergence and inefficient use of resources. This realization 

led to the development of a unified framework. 

2.2.3.1. The Common Guidelines for Watershed Development (2008 & 2011) 

The most significant policy reform in this phase was the introduction of the Common 

Guidelines for Watershed Development Projects in 2008, which were later revised in 

2011. These guidelines were a culmination of decades of learning and were designed to 

create a common, coordinated framework for all watershed programs. They marked a 

significant shift in philosophy: 

Livelihood Focus: The new guidelines moved beyond a pure natural resource 

management (NRM) focus to explicitly link watershed interventions with livelihood 

enhancement and poverty alleviation. It recognized that for a program to be sustainable, 

it must directly improve the economic well-being of the local people, especially the poor, 

landless, and women. 

Community Empowerment: The guidelines mandated a three-tier institutional structure 

at the local level: 

Gram Sabha: The village assembly as the ultimate decision-making body. 
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Watershed Committee (WC): A registered body responsible for project implementation. 

User Groups (UGs) & Self-Help Groups (SHGs): For specific activities and targeted 

support. 

Scientific Planning and Convergence: The guidelines emphasized a scientific, "ridge-

to-valley" approach with a clear planning phase. They also stressed the need for 

convergence of different government schemes to ensure that resources from various 

programs (e.g., MGNREGA, health, education) could be effectively utilized within the 

watershed project area. 

Project Lifecycle: A clear project lifespan with three separate phases—a preparatory 

phase lasting one to two years, a works phase lasting two to three years, and a 

consolidation and withdrawal phase lasting one to two years—was suggested by the 

recommendations. This methodical approach made sure that long-term asset upkeep 

was planned for and that community institutions were strengthened. 

The Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) and the Future of 

Watersheds 

The incorporation of watershed management within the Pradhan Mantri Krishi 

Sinchayee Yojana (PMKSY) in 2015–16 is the most recent development in this area. 

With the slogans "Har Khet Ko Pani" (water for every field) and "Per Drop More Crop," 

PMKSY seeks to improve farm-level water use efficiency. The Integrated Watershed 

Management Programme (IWMP), which was created by combining the previous DPAP, 

DDP, and IWDP schemes, is continued and expanded upon by the Watershed 

Development Component (WDC) of PMKSY.  

Launched in 2021, the WDC-PMKSY 2.0 is the next generation of watershed 

development, with a greater emphasis on: 

A new initiative called "Springshed Rejuvenation" aims to revitalize natural springs, 

which are essential for water security in challenging and hilly areas.  

In order to create more resilient livelihoods, integrated farming systems (IFS) promote 

diversification beyond a single crop to encompass horticulture, animal husbandry, and 

fisheries. 

Water Productivity: The idea that water should be used more effectively rather than just 

conserved. This entails encouraging the use of sprinklers and drip irrigation systems. 
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2.3. Scientific Underpinnings and Key Learnings 

The way watershed management has changed in India is evidence of the ongoing 

blending of social realities and scientific ideas. Although the fundamental principles of 

science have not changed, their application has evolved over time. 

1. Hydrology and Catchment Dynamics: Managing the hydrological cycle within 

a certain catchment area is the basic idea. While contemporary methods 

maximize infiltration, minimize evaporation, and improve groundwater recharge 

in order to achieve a balanced water budget, early efforts concentrated on 

managing runoff. These days, remote sensing and GIS technologies are utilized 

to choose and design projects more accurately and efficiently. 

2. Soil Science and Erosion Control: The ridge-to-valley approach is rooted in 

soil science. By treating the upper reaches of a watershed (the 'ridge'), soil 

erosion is checked at its source. Techniques like contour bunding, continuous 

contour trenches, and check dams slow down the velocity of runoff, allowing 

water to infiltrate and soil to settle. This protects the fertile topsoil and prevents 

siltation of downstream water bodies. 

3. Agro-ecological Principles: The modern approach recognizes that a 

watershed is an integrated ecosystem. This has led to the adoption of 

agroforestry, silvipasture, and other land-use systems that restore the 

vegetative cover. The selection of local, drought-resistant tree and grass 

species is based on sound ecological principles to create a self-sustaining 

biomass economy. 

4. Socio-Economics and Institutional Science: The biggest learning has been 

the shift from a techno-centric to a people-centric model. Scientific studies have 

shown that without strong local institutions, equitable benefit-sharing 

mechanisms, and a focus on livelihoods, even the most technically sound 

projects fail. The success of Sukhomajri and Ralegan Siddhi was not just about 

water, but about social capital, equity, and empowerment. 

2.4. Challenges and Future Directions 

Despite significant progress, watershed development in India continues to face 

challenges. The scale and diversity of the country mean that a single model is not 
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universally applicable. Issues of equity, with powerful landholders often capturing a 

disproportionate share of benefits, persist. Climate change is also posing new threats, 

requiring even more resilient and adaptive strategies. 

The future of watershed management in India lies in: 

Deeper Integration: Moving beyond project-based interventions to integrate watershed 

principles into all rural development programs. 

Technological Adoption: Utilizing advanced technologies like remote sensing, artificial 

intelligence, and mobile apps for real-time monitoring and data collection. 

Strengthening Local Institutions: Fostering genuine community leadership and 

empowering local bodies to manage their resources transparently and equitably. 

Policy Refinement: Continuously updating guidelines to address new challenges like 

climate variability and ensuring that funding is allocated based on sound, evidence-

based criteria. 

2.5. Watershed Development in India 

Watershed activities with respect to hydrological monitoring were initiated in 42 12 small 

watersheds located in 8 Centres of Central Soil and Water Conservation Research and 

Training Institute (CSWCRTI) in 1956. Subsequently watershed based Operational 

Research Projects (ORPs) were taken up in different parts of the country in 1974, in 

order to reduce soil loss, increase water availability so as to enhance cropping intensity, 

agricultural productivity and generate employment. 

 

The central and state governments have undertaken various development programmes 

based on watershed approach as outline below. The Ministry of Rural Development, 

Government of India is a front runner in these efforts and has implemented special area 

development programmes for water harvesting. 

i) Soil Conservation in Catchment of River Valley Project 

The programme was initiated during the Third Five Year Plan to treat catchment area for 

reducing silt production rate and subsequent siltation of reservoirs, checking soil erosion 

and consequently improving agricultural productivity. The programme is being 

implemented in 27 watersheds covering 17 states including Damodar Valley Corporation 
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area. Soil and water conservation measures are also being adopted in critically degraded 

watersheds ranging between 2,000 and 4,000 ha area. 

ii) Integrated Agricultural Development in Drought Prone Areas 

Rainfed farming is totally dependent on unreliable and widely variable rainfall resulting 

in very low agricultural productivity. Monsoon failure further complicates the situation 

causing unbearable misery and suffering to the people. The Drought Prone Area 

Programme (DPAP) of Government of India aimed at promoting integrated agricultural 

development in dry farming regions based on ecologically balanced approach instead of 

providing temporary relief. The programme also envisaged setting up of productive 

infrastructure for providing immediate employment in emergencies to the weaker 

sections. 

In this programme, a planned methodology in terms of detailed soil survey, hydrological 

survey and topographic survey was proposed for preparation of the master plan. Based 

on this, activities such as land use capability classification, installation of wells depending 

up on existing conditions of the area; water harvesting programmes (construction of 

tanks or check dams in the catchment areas etc.) were intended. 

iii) Desert Development Programme (DDP) 

The programme was initiated in 1977-78 to control desertification of the desert area by 

integrating and linking other related state/central programmes and conserve and 

harness land, water and other natural resources including rainfall for restoration of long 

term ecological balance. The programme aims at achieving afforestation with special 

emphasis on sand dune stabilization and shelter belt plantation and grassland 

development, soil and moisture conservation and water resources development. This 

programme fully financed by the central government covered about 36.2 m ha of 131 

blocks of 21 districts in five states namely Rajasthan, Haryana, Gujarat (hot and region), 

Jammu and Kashmir and Himachal Pradesh (cold arid region). 

iv) Himalayan Watershed Management Project in Uttar Pradesh 

Himalayan watershed management project funded by the World Bank was taken up in 

1983 in two watersheds namely Nayar in Garhwal and Panar in Kumaon regions in 

Uttrakhand covering an area of 2.47 lakh ha. It aimed at minimizing further deterioration 

of the Himalayan eco-system caused by depletion of forest cover, over grazing, awful 

land use and careless road construction.  
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v) Operational Research Projects on Integrated Watershed 

Management 

These projects were taken up in 47 watersheds spread over 16 states (Andhra Pradesh, 

Bihar, Gujarat, Haryana, Madhya Pradesh, Maharashtra, Orissa, Punjab,Himachal 

Pradesh), Jammu and Kashmir, Karnataka, Kerala, Rajasthan, Tamil Nadu, Uttar 

Pradesh and West Bengal) in 1983 covering an area of 35739 ha with the financial 

assistance of Ministry of Agriculture and Rural Development, Government of India and 

under the technical guidance of Indian Council of Agricultural Research (ICAR). The 

projects aimed at developing a programme with people' participation for arresting the 

deterioration of environment and building up permanent assets in the form of water, 

sustainable vegetation and improved productivity of cropped land. 

vi) National Watershed Development Programme of Rainfed Agriculture 

(NWDPRA) 

The programme initiated in 1986-87 in the unirrigated arable lands in 25 states mostly 

had rainfall ranging between 500 and 1125 mm and more. The districts with over 30 % 

area under irrigation were usually excluded. The programme was restructured in the 

Eight Five Year Plan in order to achieve sustainable production of bio-mass as well as 

restoration of ecological balance in the vast rainfed areas of the country. It mainly 

focused on conservation and utilization of land, water, plant, animal and human 

resources in a harmonious and integrated manner with low-cost, simple, effective and 

replicable technology, generation of massive employment and reduction of inequalities 

between irrigated and rainfed areas. 

viii) Integrated Watershed Management in the Catchments of Flood 

Prone Rivers 

The programme was undertaken during Fourth Five Year Plan in eight flood prone rivers 

of Gangetic basin namely, Ajoy, Gomti, Punpun, Roop Naraian, Sahibi, Sone, Upper 

Ganga and Upper Yamuna covering watershed area of 16.7 million ha spread over the 

states of Bihar, Haryana, Himachal Pradesh, Madhya Pradesh, Rajasthan, Uttar 

Pradesh, West Bengal and Union Territory of Delhi. The programme aimed at enhancing 

ability of the watershed by absorbing large amount of rainwater, reducing erosion and 

consequent silt load in rivers and thus mitigating the effect of floods in productive plains. 
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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 ha aimed at slowing and reversing degradation 

of the natural environment through the use of appropriate soil and water conservation 

practices. 

The World Bank project covering an area of 4.33 lakh ha in Gujarat, Orissa and 

Rajasthan aimed at slowing down and reversing ecological degradation in a variety of 

agro-ecological zones by promoting sustainable and replicable production system. 

xi) Other Watershed Management Projects 

Internationally funded watershed management projects are also being implemented in 

the country. 

2.6 Guidelines for Watershed Programmes 

The Government of India's Ministry of Rural Areas and Employment established strict 

standards for watershed programs in 1994–1995 in order to maximize the use of the 

watershed's natural resources, create employment Opportunities and encourage social 

and economic growth in general. The Ministry of Rural Development further updated the 

rules in 2001 to make them clearer, easier to understand, and more targeted. At every 

stage of implementation, the Watershed Development Guidelines provide a 

comprehensive framework for organization, especially for village-level user groups, self-

help groups, the Watershed Committee, and the Watershed Association. The 

introduction of the new project "Hariyali" in 2003 allowed for further refinement of the 

criteria. Through administrative and financial support, Hariyali aimed to provide 

Panchayat Raj Institutions (PRIs) more authority to carry out the watershed development 

initiatives. IWDP, OPAP, DDP, and any additional initiative announced by the GOI were 

all covered by the Hariyali standards. The Department of Land Resources, Ministry of 

Rural Development, announced Common Regulations for Watershed Development 

Projects in 2008. These regulations are founded on the following characteristics: 

A. Equity and Gender Sensitivity: Development of Watersheds Projects need to 

be regarded as tools for inclusivity. Execution of the Project The following 

procedures must be facilitated by agencies: 
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i. More ways for the poor to earn a living by boosting their income 

and productivity through asset investments 

ii. Expanding access to benefits for the poor, especially for 

women 

iii. Increasing the participation of women in decision-making and 

their representation in institutional systems 

iv. Giving the resource poor access to resources owned by the 

common property with usufruct (legal) rights. 

B. Decentralization: Decentralization, professionalism, and delegation would all 

improve project management. Establishing suitable institutional arrangements 

within the larger framework of Panchayati Raj Institutions and for laws to 

function with operational flexibility to adapt to shifting regional conditions would 

strengthen it. Timely financial disbursements, consistent administrative 

assistance, and empowered bodies with delegation to streamline policies are 

further tools for successful decentralization. 

C. Assisting Agencies: For social mobilization, community organization, 

community capacity building in the creation and implementation of equality 

maintenance arrangements, etc., comprehensive support is needed. Following 

a rigorous selection process, cash would be awarded to eligible organizations, 

including nonprofits, with professional teams who have the necessary skills and 

expertise to complete the aforementioned specific tasks. 

D. Centrality of Community Participation: As main stakeholders, community 

involvement is essential to the planning, financing, implementation, and 

administration of watershed initiatives. Community organizations may have a 

close relationship with Gram Sabhas and be held accountable to them during 

project operations. 

E. Inputs from Technology, Innovation and Capacity Building: Building 

capacity would be emphasized as a crucial component in achieving the desired 

results. Administrators would be better equipped to fulfill their responsibilities 

and tasks if they were able to enhance their knowledge and skills, as well as 

cultivate the proper attitude and perspectives, through this continuous process. 

Recent advances in information technologies and remote sensing have made it 
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possible to study in detail the many field-level characteristics of any area or 

region. Therefore, integrating substantial technology contributions into the new 

watershed program vision would be the ultimate goal. 

F. Monitoring, Evaluation and Learning: To gather input and carry out 

enhancements in project design, planning, and execution, a comprehensive, 

user-centred, outcome- and impact-oriented monitoring, evaluation, and 

learning system would be established. 

G. Organizational Transformation: It would be crucial to create suitable technical 

and professional support frameworks at the national, state, regional, and project 

levels as well as to create productive working relationships between project 

leadership, executing agencies, and support groups. 

2.7 Watershed Management Action Plan 

A watershed management action plan must be created for all agricultural and non-

agriculture areas, including private, public, and degraded forest holdings. Depending on 

the region's agro climatic characteristics and the socioeconomic standing of its 

inhabitants, the following activities might need to be included in the action plan: 

• Construction of minor water harvesting facilities, including percolation tanks, 

check dams, nalla bunds, inexpensive farm PCMDs and various groundwater 

recharge techniques 

• Water source expansion and renovation, distillation of village tanks for irrigation, 

drinking water, and fisheries development 

• Development of fisheries in farm ponds, village ponds, tanks, etc. 

• Block plantations, agroforestry and horticultural development, shelterbelt 

plantations, stabilizing sand dunes, and other forms of forestry 

• Development of pasture, either alone or in combination with plantations; 

• Land development, comprising in situ horticultural, non-timber forest product 

species, contour and graded bunds with planting, bench terracing hilly terrain, 

and nursery rearing for fodder, timber, fuel wood, and horticulture; 

• Utilizing both engineering and vegetative structures to treat drainage lines; 

• The watershed's current common property assets and buildings should be 

repaired, restored, and upgraded in order to maximize and maintain the 

advantages of earlier public investments; 



Watershed Management FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY                                                                                                             Page 27 

• Crop demos to raise awareness of novel management techniques or new crops 

or types. 

• Promotion and spread of energy-saving techniques, biofuel plants, 

unconventional energy-saving gadgets, etc. 
 

Summary 

The history of watershed management in India is a rich narrative of evolution, learning, 

and adaptation. It began with an intuitive, traditional understanding, moved through a 

period of top-down, sectoral interventions, and finally matured into a holistic, integrated, 

and participatory paradigm. The shift was not just an administrative change but a 

profound re-imagining of the relationship between people, land, and water. From the 

groundbreaking scientific interventions of Sukhomajri to the socio-technical revolution of 

Ralegan Siddhi, the journey has been marked by invaluable lessons.  
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3.0 Learning Objectives 

After completion of this unit, you will be able to:  

• understand the major characteristics of watershed management;  

• discuss the role and components of watershed management;  

• understand the concept of integrated watershed management;  

• understand the importance of integrated watershed management;  

3.1 Introduction 

A watershed refers to a specific area of land and water, defined by natural boundaries called 

drainage that divides all the surface runoff, gathers and drains through a common outlet into 

a larger river or lake. Watershed technology is primarily applied in rain-fed regions. The 

watershed serves as a natural unit where various elements such as natural resources, 

humans, animals, and ecosystems interact, forming a distinct geo-hydrological system. 

Managing a watershed is essential for the effective management of resources and 

ecosystems. Watershed management focuses on the efficient conservation and use of soil 
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and water to ensure the sustainable production of food, fodder, timber, and other agricultural 

and forest-based products. This approach includes managing the land surface, vegetation, 

and water resources to protect and utilize soil and water effectively, delivering both 

immediate and long-term benefits to farmers, local communities, and society as a whole. 

The main focus of environmental management has been on particular problems, like air, 

land, and water. Preserving rare and endangered species, improving landfills, cleaning up 

contaminated groundwater and waste sites, reducing air and water pollution emissions, 

designing best management practices to regulate water and contaminant runoff, and much 

more have all been the outcomes of most efforts. There are numerous classifications for 

drainage systems based on factors like size, runoff zone, etc. These include watershed, 

basin, catchment, sub-catchment, region, etc. A catchment area is defined as "all the areas 

from which water flows out into a river or water pool" or the runoff zone. Watersheds, which 

capture the complex interactions between land, water, and ecosystems, are essential natural 

units in the landscape. Watersheds, which are bounded by the land's topography, indicate 

the areas where precipitation collects, moves, and ultimately combines to form streams, 

rivers, and lakes. 

3.2 Characteristics of watershed 

A watershed should have a sharper runoff hydrograph with a larger peak and a shorter 

duration. It is anticipated that the runoff hydrograph for a watershed is partially compact, 

long and narrow. To comprehend the intricate relationships between the linear, aerial, and 

relief features of the terrain in any given watershed, the morphometric analysis is mainly 

required. Database of different drainage parameters (such as coding, ordering, and flow 

direction) for this purpose, as well as the land surface (slope, extent, elevation, etc.) are 

computed. Stream order, stream length, drainage density, stream frequency, bifurcation 

ratio, shape index, circulatory ratio, and other morphometric parameters are analyzed and 

tabulated to make assumptions about the strategy for planning the development of water 

resources.  

Watershed characteristics are the unique features of a specific area of land where all 

rainwater and melted snow flow to a single point, like a river, lake, or ocean. These features 

help us understand how the watershed works and how it connects with the nearby 
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environment. Broadly, watershed has 3 major characteristics Climatic, Physiographic and 

Socio-economic characteristics. Climatic characteristics includes rainfall its intensity, 

duration and movement, temperature, velocity of wind, humidity, transpiration and 

evaporation. Physiographic characteristics include Size, Shape, Slope, Drainage Density, 

Elevation, Land use, Vegetation Cover, Soil, Geology, Hydrology, Hydrogeology. However, 

socio-economic characteristics includes cattle and farming practices, current status and 

statistics of population health and wellness.   

Each watershed has a unique characteristic and all are different from one another means 

no two watersheds are identical. Both climatic and physiographic characteristics affect the 

pattern of disposal of stream flow and climatic characteristics depends on temperature, wind 

velocity, humidity, transpiration and evaporation rate. The study of the characteristics, 

configuration and evolution of landforms and properties that develops physical 

characteristics of the watershed is called Watershed geomorphology. The principal 

watershed characteristics includes area, slope, shape and length of the basin and the 

morphometric parameters that are important for watershed management includes Linear 

aspects, Relief aspects and Aerial aspects.  

Linear aspects include order and length of stream, mean stream length, stream length ratio 

and bifurcation ratio. Aerial aspects include drainage density, stream ratio and frequency, 

overland flow, form factor, circulatory and elongation ratio and relief aspects include relief 

ratio. Watershed is divided into 4 parts: Physical, Hydrological, Climatic and Socio-economic 

characteristics.  

The physical characteristics of a watershed play a critical role in determining its hydrological 

behavior and overall functioning. A comprehensive understanding of these attributes is 

fundamental for effective watershed management, as they govern the movement of water 

within the system and mediate the influence of anthropogenic activities on the environment. 

This knowledge is also crucial for formulating strategies aimed at the conservation and 

sustainable utilization of land and water resources within the watershed. It includes size, 

shape, length, slope, topography, drainage pattern, density and area, topography, 

vegetation, geology, soil type, aquatic ecosystems and natural features. 
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The hydrological characteristics of a watershed encompass the processes and attributes 

governing the movement, distribution, and storage of water within its defined geographical 

boundaries. These parameters are fundamental to the overall watershed hydrological 

function and dynamics. It includes precipitation, runoff, infiltration, groundwater, streamflow, 

evaporation and transpiration, water quality and storage, drought susceptibility and sediment 

transport. 

The climatic characteristics of a watershed encompass the prevailing weather patterns, 

including temperature regimes and precipitation dynamics, within its geographic boundaries. 

These factors significantly influence the hydrological processes, ecological systems, and 

overall functional behavior of a watershed. Some key climatic characteristics include 

precipitation patterns, temperature ranges, climate zones and variability, seasonal and 

climatic changes, solar radiations and microclimates. 

The socio-economic characteristics of a watershed encompass the demographic, social, 

and economic variables that are affected by the utilization and governance of land and water 

resources within a defined hydrological boundary. These factors are integral in promoting 

sustainable development, and their comprehensive assessment is vital for implementing 

effective and equitable watershed management strategies. It includes population density 

and distribution, land use, land cover, livelihoods and economic activities, education and 

awareness, infrastructure and access to resources.  

3.3  Role and Importance of watershed 

A watershed is a basic hydrological unit that regulates the distribution, storage, and 

collection of surface and subsurface water within a specific geographic area. Watershed 

maintains water cycle and helps in capturing precipitation, groundwater recharge, surface 

runoff, and makes streamflow easier. Watershed also maintain water quality, conserve soil, 

cycle nutrients, and transport sediments, all of which support a variety of ecological systems. 

Watershed should be managed effectively in order to maintain biodiversity, agricultural 

productivity, and the supply of freshwater resources for ecological, industrial, and residential 

purposes.  

Watersheds are of critical importance as they serve as conduits through which surface water 

and stormwater runoff are transported to downstream aquatic systems. Therefore, it is 
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imperative to account for the downstream consequences when formulating and executing 

strategies for water quality protection and ecological restoration. Activities and land-use 

practices occurring in the upstream regions directly influence the hydrological and 

environmental conditions downstream. This interconnectedness highlights the need for 

integrated watershed management, recognizing that human actions within a watershed have 

cumulative impacts on downstream water bodies.  

Large amounts of pollutants entered into downstream water bodies like lakes and rivers 

through the process of surface runoff from precipitation or snowmelt. The sustainable 

production of food, fuel, fodder, and soil resources, as well as the mitigation of water 

contamination and related natural resource contamination, all depend on effective 

watershed management. The process involves identifying and evaluating the different kinds 

of pollutants present in the watershed, as well as their spatial distribution and modes of 

transport. This is achieved by the creation and application of technical interventions and 

pollution control plans. 

Water quality and the natural resources are impacted by the anthropogenic activities. 

Urbanization, agricultural practices, surface runoff from impervious areas, and household 

activities like water diversion, and wastewater disposal are examples of land-use changes 

that can drastically affect the physical, chemical, and biological integrity of watershed 

ecosystems. The planning used in watershed management includes a systematic 

assessment of all these activities that affect the quality of watershed. 

Watershed management is important as it enables the creation of cooperative frameworks 

between stakeholders, legislators, and implementing agencies within the watershed. 

Since the ecological health of the watershed affects all parties, either directly or indirectly, 

such participatory approaches are essential to the efficient governance and sustainable 

management of land and water resources. Furthermore, this cooperative planning 

process makes it possible to strategically prioritize management interventions, especially 

when financial or technical resources are scarce. 

Since watershed boundaries are defined by natural topography and often transcend 

administrative or political jurisdictions, activities undertaken by upstream political entities can 

significantly influence environmental conditions in downstream areas. Pollutant loads 
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originating upstream may compromise the effectiveness of pollution control measures 

implemented by downstream municipalities. Therefore, integrated watershed-scale resource 

management, involving active collaboration and shared responsibility among all governing 

bodies within the watershed, is essential to ensure the protection and sustainability of its 

ecological and hydrological integrity. 

3.4  Functions of watershed 

Watershed are essential to preserve the health of human communities and all ecosystems. 

It carries out a number of interconnected ecological, hydrological, and socioeconomic tasks 

that support sustainable environmental practices and resource management. The key 

functions of watershed are illustrated in table 1: 

Table 1. Major functions of a watershed 

S. No.  Functions Description 

1.  Primary source of water supply Watershed provides a sustainable supply of water for 
drinking, agriculture, industry, and ecosystems. 

2.  Support and protect biodiversity It conserves different habitats and ecosystems. 

3.  Regulate and control flood 
situation 

It regulates the flow of water during heavy rainfall. 

4.  Recharge groundwater It replenishes underground aquifers. 

5.  Regulate climate variation The vegetation presents in watershed absorb CO2, 
release O2 and hence influences local weather. 

6.  Cultural and spiritual importance  Watershed has a cultural and spiritual importance.  

7.  Nutrient cycling Maintains the nutrient flow. 

8.  Agricultural Production It increases the production by supplying water for 
irrigation and supports the fertility of soil.  

9.  Economic value It boosts the economy of different sectors. 

10.  Educational and research value It helps in scientific research and education.  

 

Check your progress 

1. Define watershed and its different characteristics?  

2. What are the main 4 characteristics of watershed? 

3. Why watersheds are important? 

4. Explain the functions of watershed. 
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Answers 

1. See section 3.1 & 3.2 

2. See section 3.2 

3. See section 3.3 

4. See section 3.4 

3.5  Components of watershed management 

Watershed management has many components like conservation of different resources e.g. 

soil and water conservation, water conservation and harvesting like rain water harvesting, 

practicing various 

land-use systems 

and the 

management of 

crops. Moreover, 

watershed has 

different components 

including catchment 

area or drainage 

basin and its 

network, water bodies, aquifers, soil, slope and topography, vegetation cover, transitional 

areas like wetlands and riparian zones, climatic factors and human settlements. There are 

2 main components of watershed management: Engineering and Biological Practices and 

Improved Production Practices. Engineering and biological practices include management 

of land resources (soil management), management of water resources and management of 

vegetation or biomass. The last one component is management of human resources that 

include qualification of resource managers and users (Fig. 1). 

3.5.1 Land resource management 

The process of land management means proper and right use of land, its resources for 

sustainable use in farming and agricultural practices. The most fertile layer of the soil is the 

upper layer that proves to be very useful for providing nutrition and minerals to the plants, 

 
Fig. 1.  Components of watershed management 

Components 
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therefore it is to be conserved and protected. Land serves as a fundamental biophysical 

medium for supporting agricultural systems and plays a crucial role in environmental 

regulation. It facilitates key ecological functions such as greenhouse gas sequestration, 

nutrient cycling, contaminant transformation and filtration, and the conveyance and 

purification of water within hydrological processes. Sustainable land management seeks to 

integrate environmental, economic, and social functions by optimizing land use practices 

that maintain or enhance the quality of land resources including soil, water, and air while 

ensuring the long-term viability of these functions for both present and future generations. 

3.5.2 Water resource management 

Water is a vital natural resource essential for the functioning of all major sectors, including 

agriculture, industry, and domestic use. Although India supports approximately 16% of the 

global population, it possesses only about 4% of the world’s freshwater resources. Inefficient 

management of this limited resource contributes to the frequent occurrence of hydrological 

extremes such as floods and droughts. Agriculture remains the largest consumer of 

freshwater; however, its proportional allocation is expected to decline due to increasing 

demands from industrial and public health sectors, driven by rapid population growth. 

Furthermore, excessive extraction of groundwater has resulted in significant depletion of 

aquifer levels and degradation of water quality. Hence, it is critical to adopt integrated and 

sustainable water resource management strategies to ensure its efficient utilization and 

long-term availability. 

The term Water Resources Management (WRM) describes the systematic planning, 

development, distribution, and control of water resources with an emphasis on both 

quantitative and qualitative elements in order to support various water-dependent industries. 

A comprehensive strategy that promotes the coordinated management of water, land, and 

related natural resources is Integrated Water Resources Management (IWRM), as defined 

by the Global Water Partnership (GWP). The goal is to fairly maximize economic and social 

benefits by ensuring the long-term sustainability and integrity of vital ecological systems. 
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3.5.3 Forest resource management  

Forest management is an essential part of terrestrial ecosystems and is crucial for the 

sustainability and regulation of commercial forestry. Forests play a major role in biodiversity 

conservation, air and water purification, and other environmental services and also provide 

renewable resources used in everyday human activities. The main goal of forest 

management is to maintain ecological integrity while pursuing social and economic 

development objectives. This includes improving the health of forests, safeguarding wildlife 

and forest ecosystems, and producing timber and non-timber forest products sustainably. 

Ecological stability on a worldwide scale depends on efficient forest management. 

Ecosystem function is seriously threatened by unchecked environmental pollution and 

deforestation. However, implementing a uniform global forest management strategy is not 

feasible due to region-specific socio-economic and ecological conditions. In order to meet 

public demands while maintaining environmental sustainability, this calls for decentralized, 

context-sensitive approaches that give local governments and private stakeholders more 

authority. Ecological preservation, community-based forestry (also known as social forestry), 

forest conservation, and methods to increase the productivity of fauna that depend on forests 

are essential elements of sustainable biomass management. 

3.6  Criteria for selection of watersheds 

The primary goal of watershed management is to boost the socio-economic development of 

the regions that are economically low due to less availability of natural resources. For 

effective realization of watershed management objectives, careful selection of target 

watersheds is essential to ensure optimal utilization and sustainable development of land 

and water resources. This, in turn, enhances agricultural productivity, generates rural 

employment, and improves overall socio-economic conditions, with active participation and 

cooperation from the local community. 

The following scientific and socio-economic factors need to be considered when choosing a 

watershed for intervention and impact assessment:  

• The low agricultural productivity of the region necessitates better land and water 

management techniques.  
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• The scarcity of surface and groundwater resources, particularly for essential 

purposes like irrigation and drinking water.  

• Ecological restoration is necessary in areas that are primarily wasteland or 

degraded due to soil erosion, salinization, or waterlogging.  

• A lack of economic opportunities, especially for marginalized and landless groups. 

• The preparedness of the community for participatory management 

encompasses voluntary contributions, implementation of fair resource-sharing 

standards, allocation of benefits and the sustained upkeep of established 

infrastructure. 

• Availability of previously treated watersheds, which permits contiguous 

and integrated development initiatives.  

• In order to give priority to areas that rely on rainfed agriculture, areas with assured 

irrigation were excluded. 

• Watersheds with low Common Property Resources (CPRs), however, might also 

be chosen if sufficiently supported. 

The impact and sustainability of watershed development programs are increased by this 

scientific framework, which guarantees that watershed selection follows the ecological 

priorities and socio-economic needs. Watersheds may be prioritized and chosen for 

development interventions based on the following scientifically supported criteria. 

• Adjacency to Treated Watersheds: Preference is given to watersheds that are 

contiguous to areas where watershed development has already been implemented. 

This spatial continuity facilitates the integration of treatment measures and 

maximizes cumulative ecological and socio-economic benefits. 

• Avoidance of Previously Treated Watersheds: Watersheds previously covered 

under schemes such as the Drought Prone Areas Programme (DPAP), Desert 

Development Programme (DDP), National Watershed Development Project for 

Rainfed Areas (NWDPRA), and Integrated Watershed Development Programme 

(IWDP) are generally excluded from selection. However, if specific portions of such 

watersheds were left untreated, those areas may be considered for inclusion. 
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• Optimal Size Criterion: Watersheds with an approximate area of 500 hectares are 

considered ideal for the development, as this size is easily planned, manageable 

and monitored. 

• Administrative Boundary Considerations: Watersheds should generally lie within the 

boundaries of a single village to simplify coordination and governance. However, if 

a minor portion of the watershed extends beyond the village boundary, it may still 

be included with formal consent from adjacent village authorities or panchayats. 

• Sub-Watershed Demarcation Across Villages: In cases where a watershed spans 

multiple villages, it should be delineated into sub-watersheds corresponding to each 

village. It is essential that treatment measures be implemented simultaneously 

across all sub-watershed units to maintain hydrological and ecological coherence. 

• Common Land Dominance: Watersheds characterized by a significant proportion of 

common property resources (CPRs) are prioritized, as these lands offer greater 

potential for community-based interventions. Nonetheless, watersheds with lower 

CPR presence may also be considered, only if provided with a strong scientific and 

socio-economic justification. 

3.7  Integrated Watershed Management 

The term "Integrated Watershed Management" (IWM) refers to a comprehensive, 

multidisciplinary strategy for managing and developing natural resources particularly soil, 

water, vegetation, and biodiversity in a specific hydrological unit called a watershed. The key 

components of the strategy include coordinated planning and execution of conservation, 

restoration, and utilization initiatives, that further aims to maximize resource use, improve 

ecosystem services, and raise the socio-economic status of the local community. 

Watershed management refers to the systematic implementation of soil and water 

conservation practices, that primarily focuses on sustainable land use, preservation of 

natural resources within a defined hydrological boundary. Core objectives include the 

prevention of land degradation, maintenance of soil fertility, enhancement of water 

availability for agricultural use, and effective management of water for drainage, flood 

mitigation, and increased land productivity. The approach prioritizes the optimal and 
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sustainable utilization of all natural resources including land, water, and biodiversity within 

the watershed, while minimizing ecological degradation. In addition to the development of 

new water sources, emphasis is placed on the efficient utilization of existing water resources 

via locally adapted and traditional technologies. 

Watershed management represents the rational and integrated conservation of natural 

resources to prevent further environmental deterioration. It employs a multi-disciplinary, 

participatory framework involving stakeholders at all stages—planning, implementation, 

monitoring, and maintenance to ensure inclusive and effective execution. 

This approach functions as a comprehensive management model (a “single-window 

system”) that addresses all biophysical and socio-economic challenges within a watershed. 

The watersheds are dynamic systems, hence the management plans must be periodically 

reviewed and updated to overcome new environmental, climatic, or developmental 

challenges, thereby ensuring the resilience and sustainability of the system over time. 

3.8  Importance of Integrated Watershed Management 

Integrated Watershed Management (IWM) is essential for sustainable natural resource 

management within a specific hydrological unit. It addresses a thorough system-based 

strategy for dealing with all the interconnected problems of biodiversity loss, water scarcity, 

land degradation, and rural poverty. The significance of IWM is resource conservation (soil 

& water), improved agricultural production, climate resilience and risk reduction, restoration 

of native vegetation and rehabilitation of degraded landscapes, socio-economic upliftment 

and continuous monitoring, evaluation, and adaptation of management plans, ensuring 

responsiveness to emerging environmental and socio-economic challenges.  

Check your progress 

1. What are the different components of watershed management? 

2. Write a short note on 

a. Land resource management 

b. Water resource management 

c. Forest management 
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3. What are the different criterias for selecting a watershed? 

4. What do you understand by the term Integrated Watershed Management? 

5. Briefly explain the significance of Integrated Watershed Management. 

6. What is the full form of CPR? 

7. What is the full form of IWRM? 

8. What is the full form of NWDPRA? 

Answers 

1. See section 3.5 

2. See section 3.5.1, 3.5.2, 3.5.3 

3. See section 3.6 

4. See section 3.7 

5. See section 3.8 

6. Common Property Resources  

7. Integrated Water Resources Management 

8. National Watershed Development Project for Rainfed Areas 

Summary  

This unit explains the different characteristics and components of a watershed. A watershed 

refers to a specific area of land and water, defined by natural boundaries called drainage 

that divides all the surface runoff, gathers and drains through a common outlet into a larger 

river or lake. Watershed has 3 major characteristics Climatic, Physiographic and Socio-

economic characteristics and watershed characteristics are the unique features of a specific 

area of land where all rainwater and melted snow flow to a single point, like a river, lake, or 

ocean. Watershed is divided into 4 parts: Physical, Hydrological, Climatic and Socio-

economic characteristics. Watershed play a significant role in maintaining the well-being of 

all ecosystems and human communities. It performs multiple interrelated ecological, 

hydrological, and socio-economic functions that helps in resource management and 

maintains environmental sustainability. Watershed should be managed effectively in order 
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to maintain biodiversity, agricultural productivity, and the supply of freshwater resources for 

ecological, industrial, and residential purposes. Integrated Watershed Management (IWM) 

refers to a comprehensive, multidisciplinary strategy for managing and developing natural 

resources particularly soil, water, vegetation, and biodiversity in a specific hydrological unit 

called a watershed. The significance of IWM is resource conservation (soil & water), 

improved agricultural production, climate resilience and risk reduction, restoration of native 

vegetation and rehabilitation of degraded landscapes and socio-economic upliftment.  
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Unit 4: Institutional Arrangement for Watershed 

Management 

Unit Structure 
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4.0 Learning Objectives 

After reading this unit you will be able to: 

• Implement the idea of participatory watershed management. 

• Explain the method of Participatory Rural Appraisal (PRA). 

• Carry out a survey of natural resources within a watershed region. 

• Discuss the procedures involved in watershed management planning. 

• Gain an understanding of the integrated watershed management approach. 

4.1 Introduction 

In the earlier unit, detailed discussion was made on the concept, current status in India, 

approaches, and objectives of watershed management. Nearly half of the country’s land 

is affected by soil erosion and degradation. With rising population and fragmentation of 

landholdings, the per capita availability of land and water resources is steadily declining. 
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Around two-thirds of cultivated land is rainfed, where agricultural progress remains 

unsatisfactory, leading to widespread poverty. 

Watershed management plays a crucial role in promoting overall rural development. The 

participatory watershed approach emphasizes the active role of local communities in 

planning, execution, monitoring, evaluation, and long-term maintenance of watershed 

assets. This strategy follows a bottom-up planning process rather than a top-down one, 

ensuring decentralized decision-making and flexibility in adopting suitable technologies. 

Technical and administrative support is provided by planners and policy-makers, while 

effective implementation requires strong institutional arrangements at central, state, 

district, village, and project levels, including Panchayati Raj Institutions (PRIs). 

Participatory Rural Appraisal (PRA) serves as an important method for identifying the 

challenges within a watershed and addressing them through community involvement. 

Furthermore, baseline surveys of natural resources such as climate, soil, biodiversity, 

hydrology, and land use are essential prerequisites for initiating a successful watershed 

development programme. 

4.2 Institutional Framework / Arrangement 

In this section, you will learn about the institutional framework established at the national, 

state, district, and village levels for the effective implementation of watershed 

programmes. At the national level, the National Rainfed Area Authority (NRAA) plays a 

key role, while at the state level, the State Level Nodal Agency (SLNA) is responsible. 

Similarly, at the district level, the District Watershed Development Unit (DWDU) takes 

charge, and at the village level, the Panchayati Raj Institutions (PRIs) are involved. Other 

important institutions include the Project Implementation Agency (PIA) and the 

Watershed Development Team. The following subsection will further enhance your 

understanding of community-based organizations. 

4.2.1 Arrangements at the National Level 

At the central level, the National Rain-fed Area Authority (NRAA) functions as the key 

nodal agency. Its primary role is to ensure smooth budget allocation and proper flow of 

funds from various Government of India projects to the District Watershed Development 

Units (DWDU) for timely and effective implementation of watershed programmes. The 
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NRAA serves as a coordinating body among different ministries, departments, and 

organizations engaged in watershed development. 

In addition, it plays a crucial role in preparing strategic plans for watershed projects at 

both state and district levels, considering the unique agro-climatic and socio-economic 

conditions of each region. It also assists state-level nodal agencies in identifying 

resource institutions and in establishing systems for capacity building. The agency is 

comprised of professional experts from multiple disciplines such as agriculture, water 

management, institutional development, and capacity building. 

4.2.2 Arrangements at the State Level 

At the state level, the State Level Nodal Agency (SLNA) is responsible for supervising 

all watershed projects sanctioned in accordance with the approved perspective and 

strategic plan. The SLNA is headed by the Development Commissioner, Additional Chief 

Secretary, Agricultural Production Commissioner, or Principal Secretary. Its composition 

includes representatives from NABARD, the state departments of rural development, 

agriculture, animal husbandry and allied sectors, the Ground Water Board, a voluntary 

organization, as well as two experts from research institutes or state universities. 

Representatives from schemes such as the National Rural Employment Guarantee 

Scheme (NREGS), Backward Regions Grant Fund (BRGF), and other related 

implementing agencies are also part of the SLNA. 

To support its functioning, the SLNA is assisted by a team of four to seven professional 

experts specializing in areas such as agriculture, water management, capacity building, 

social sciences, information technology, administration, and accounts. The agency 

provides technical assistance to the District Watershed Development Units (DWDU), and 

prepares the state’s watershed perspective and strategic plans, based on inputs from 

block and district levels. It also defines the expected outcomes and financial 

requirements, on the basis of which approvals are sought from the central nodal 

agencies. Additionally, the SLNA is responsible for establishing systems for monitoring 

and evaluating watershed projects across the state. 

4.2.3 Arrangements at the District Level 

At the district level, a District Watershed Development Unit (DWDU) is set up to 

supervise the implementation of watershed projects, maintaining separate accounts for 
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each. The DWDU works in close coordination with the District Planning Committee 

(DPC) and includes representatives from NRGA and BRGF at the district level. 

The unit is headed by a full-time Project Manager and supported by three to four experts 

in areas such as agriculture, water management, social sciences, management, and 

accounts. Its key responsibilities include identifying suitable Project Implementing 

Agencies (PIAs), facilitating the preparation of district-level strategic and action plans, 

and ensuring capacity-building initiatives. 

In addition, the DWDU ensures the smooth flow of funds, timely submission of necessary 

reports to the State Level Nodal Agency (SLNA), and effective convergence of 

watershed programmes with related sectors like agriculture, horticulture, rural 

development, and animal husbandry, thereby enhancing productivity and improving 

livelihoods. 

4.2.4 Role of Panchayati Raj Institutions (PRIs) 

Panchayati Raj Institutions play a vital role in implementing watershed programmes. The 

District Panchayat or Zilla Parishad is responsible for coordinating different sectoral 

schemes with watershed development initiatives, monitoring progress, and resolving 

disputes. At the intermediate level, Panchayats contribute to planning watershed 

projects and extend technical guidance through their subject experts to support Project 

Implementing Agencies (PIAs) and Gram Panchayats/Watershed Committees. 

4.2.5 Project Implementation / Executing Agency (PIA/PEA) 

Project Implementation Agencies (PIAs) may include line departments, autonomous 

bodies under the State/Central Governments, research institutions, intermediate 

panchayats, and voluntary organizations (VOs). VOs play a significant role in raising 

awareness, building capacity, facilitating education and communication, and conducting 

social audits. Each PIA is assisted by a Watershed Development Team approved by the 

DWDU. 

The primary responsibilities of the PIA include providing technical support to Gram 

Panchayats in preparing watershed development plans through PRA exercises, 

organizing community training and capacity-building programmes, supervising and 

monitoring project activities, checking and verifying project accounts, and promoting the 

use of cost-effective technologies while drawing on local knowledge. They are also 
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responsible for reviewing project progress, establishing institutional systems for the 

maintenance and further development of assets created, and ensuring post-project 

sustainability. Additionally, PIAs help mobilize extra financial resources from other 

government schemes such as NREGA, BRGF, SGRY, the National Horticulture Mission, 

Tribal Welfare Schemes, groundwater recharge programmes, and Greening India 

initiatives. 

4.2.6 Watershed Development Team  

The Watershed Development Team consists of at least four professionals, preferably 

holding degrees in fields such as agriculture, soil science, water management, social 

mobilization, and institutional development. At least one member of the team must be a 

woman. The Watershed Development Team should be positioned as close as possible 

to the watershed project area and maintain strong coordination with expert teams at the 

district and state levels. 

Its primary role is to guide the Watershed Committee (WC) in preparing the watershed 

action plan. The Watershed Development Team also supports the Gram 

Panchayat/Gram Sabha in forming the WC, User Groups (UGs), and Self-Help Groups 

(SHGs). UGs are created for individuals owning land within the watershed, whereas 

SHGs include small and marginal farmers, landless laborers, women, and members of 

Scheduled Castes/Tribes. 

Additionally, the Watershed Development Team ensures women’s active involvement, 

carries out participatory baseline surveys, organizes training and capacity-building 

programmes, and develops resource management plans. It prepares the Detailed 

Project Report (DPR) for Gram Sabha approval and facilitates livelihood opportunities 

for the landless. The team is also responsible for maintaining project accounts. 

4.3 Participatory Approach for Watershed Management 

Watershed development and management is carried out through the Participatory Rural 

Appraisal (PRA) approach. This method emphasizes the active involvement of local 

stakeholders in determining priorities, framing policies, and assessing the outcomes of 

various interventions on the socio-economic progress of the region. The restructured 

National Rainfed Area Authority (NRAA) has introduced decentralization and flexibility in 

adopting appropriate technologies. 
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For effective watershed management, it is essential that the community participates at 

every stage—planning, execution, monitoring, evaluation, and maintenance of created 

assets. The approach follows a bottom-up model rather than a top-down one, where 

technical and administrative support is provided by planners and policymakers, while the 

local community’s needs and opinions remain central. Therefore, people’s participation 

is crucial for the successful implementation of soil conservation and water harvesting 

practices, ensuring sustainable productivity from both cultivable and non-cultivable 

lands. 

Participatory Watershed Management (PWM) is founded on the principle of community 

involvement and empowerment for conserving resources, promoting development, and 

improving livelihoods. Organizations engaged in watershed planning and management 

need to shift from the conventional top-down approach and adopt a collaborative, 

people-centric attitude. 

Traditionally, watershed projects were designed and implemented mainly by government 

departments, without active involvement of local communities. This approach failed to 

deliver long-term or sustainable outcomes. Once government officials withdrew after the 

completion of projects, there was often no one left to continue development efforts or 

maintain the created assets. 

Sustainable development of natural resources and upkeep of assets is possible only 

when the local beneficiaries actively participate. To ensure a sense of ownership and 

financial self-reliance even after the project period, it is essential for the watershed 

community to take charge of planning and executing development programmes. They 

are encouraged to contribute—whether in the form of cash, materials, or labour—for 

both individual and collective activities. 

The programme also emphasizes mobilizing the community into functional groups, 

making them responsible for planning and implementing activities at both individual and 

community levels. Moreover, establishing institutions of local stakeholders is vital for 

systematic participatory planning, implementation, maintenance of developmental 

works, and managing financial transactions. 

Thus, community organization forms the core of participatory watershed development. It 

not only brings people together socially and emotionally but also enables them to pool 
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their intellectual, material, and social resources for collective action. This underlines the 

need for effective mobilization and organization of the community. 

4.4 PRA in Watershed Management 

Participatory Rural Appraisal (PRA) is a method used to understand the living conditions 

of rural communities by establishing close rapport with them. It helps in identifying the 

problems of a watershed and finding solutions in collaboration with local people. The 

core principle of PRA is listening and learning from the community in an informal way. 

Since PRA involves all sections of society, it avoids bias and discrimination. Active 

participation of both men and women is ensured, with special emphasis on women’s 

involvement. As local people and grassroots workers play a central role, planning and 

execution face fewer bureaucratic hurdles. Building the confidence of villagers is 

therefore essential for effective watershed surveys, planning, and implementation. 

To effectively conduct PRA, extension education methods should be used to approach 

and motivate farmers. The following points must be kept in mind: 

• Decide the date, time, and venue of the meeting in consultation with farmers. 

• Introduce yourself (as watershed worker) to the villagers. 

• Approach villagers in a friendly and supportive manner. 

• Clearly explain the purpose of your visit. 

• Create a relaxed and open environment for discussions. 

• Listen patiently without criticism or interruptions. 

• Respect local traditions and social customs. 

• Provide equal opportunity for all to express their views. 

• Keep discussions focused on major issues. 

• Assign specific responsibilities to different individuals. 

• Conclude the meeting with gratitude. 

After the meeting, the watershed team should review the points discussed. A Gram 

Sabha should then be organized to prepare a blueprint of the watershed plan or project. 

Physiographic exercises may be conducted with villagers to cover: 
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• Name of the watershed 

• Location of headquarters (if multiple villages are involved) 

• Key priorities 

Additionally, village maps and Venn diagrams should be prepared based on the survey. 

A workshop with farmers should also be held to encourage open and transparent 

discussion on important issues. 

4.5 Survey to Assess Natural Resources 

Baseline surveys are carried out to assess the natural resources of an area, such as 

climate, soil, biodiversity, hydrology, and land use, before the final selection of a site and 

the initiation of a watershed project. Information is gathered on aspects like irrigated 

land, wastelands, community property, forest cover, ponds, wells, and the quality of 

drinking water. The Land Capability Class (LCC) along with features like soil texture, 

structure, topography, and water table is also examined. In addition, the severity of soil 

and water erosion, soil fertility and productivity potential, and the status of local flora and 

fauna are evaluated. 

It is clear that conducting a natural resource survey is a crucial step in preparing for 

watershed project planning. Next, we will move on to the study of watershed 

management planning. 

4.6 Planning for Watershed Management  

Effective planning is essential for the successful and timely execution of watershed 

projects. Action or strategic plans should be prepared for both arable and non-arable 

lands, considering available natural resources. The planning process should focus on: 

• Development of natural resources, including private, community land, and 

water. 

• Enhancing productivity of land-based activities such as agriculture, 

horticulture/forestry, livestock, and fisheries. 

• Estimating budget requirements for each component. 

• Assessing expected contributions from participants. 
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• Establishing modalities for implementation, including review, monitoring, and 

auditing. 

• Supporting non-land-based enterprises. 

• Setting timelines for different activities. 

• Developing withdrawal strategies and post-project management plans. 

Farmers’ Indigenous Traditional Knowledge (ITK), with minor adaptations, can be more 

effective and economical compared to high-cost technologies. The allocated budget 

must be utilized according to prescribed norms: 

• Accounts should be maintained in a nationalized or cooperative bank. 

• Withdrawals should strictly follow guidelines. 

• Records must be properly maintained, and regular audits conducted. 

• A Corpus Fund should be created with 1% of the total budget for asset 

maintenance, along with an additional 1% contribution from beneficiaries or the 

State Government. 

• Monitoring and evaluation should be carried out regularly in committee 

meetings. 

The action plan must also include the construction of water harvesting structures, with 

designs suited to local needs. Preference should be given to low-cost technologies and 

locally available raw materials. Wherever possible, vegetative storage structures should 

be prioritized over expensive cement or iron-based structures. 

4.7 Data and Information Required 

A comprehensive inventory of the watershed area is necessary for effective planning. 

This includes details on: 

• Human population, gender ratio, and distribution of scheduled castes and 

backward classes. 

• Availability of infrastructure such as primary health centers, hospitals, schools, 

post offices, banks, and markets (grain, fruit, and vegetables). 
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• Basic facilities including roads, transportation, power supply, and cooperative 

societies for agricultural inputs. 

Such information helps in identifying opportunities, constraints, and suitable 

interventions. Assistance may be sought from the Village Patwari (land revenue official) 

and the Village Pradhan (head). 

Additionally, information from related departments—revenue, agriculture, animal 

husbandry, irrigation, forestry, health, government and semi-government agencies, and 

NGOs working in the region—is equally important. 

For detailed data collection, a structured format may be used. With this, the foundation 

is set to move forward and study the integrated approach to watershed management. 

4.8 An Approach to Integrated Watershed Management 

Watershed management adopts a holistic approach for the sustainable utilization of 

natural resources such as land, water, vegetation, livestock, fisheries, and human 

resources. Within a watershed, an integrated farming system is practiced, which 

promotes low-input sustainable agriculture along with allied activities like agroforestry, 

horticulture, silvi-pasture, aquaculture, animal husbandry, apiculture, sericulture, and lac 

culture. This approach ensures optimal use of resources, enhances employment 

opportunities, and supports the overall development of the watershed. 

In agroforestry, various tree species are selected and cultivated under different 

conditions, including floods, droughts, landslides, mining areas, and saline or alkaline 

soils. Many tree species provide multiple benefits—serving not only as fuelwood but also 

as sources of fodder, medicine, and other valuable uses. 

Summary 

➢ Nearly two-thirds of cultivated land depends on rainfall, where agricultural 

production remains unstable due to unpredictable rainfall patterns. 

➢ The socio-economic status of rural communities in rainfed regions is generally 

poor. 

➢ It is essential to identify the problems faced by rural people and address them 

on a watershed basis. 
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➢ Prior to project implementation, surveys of natural resources and preparation of 

an inventory should be carried out to determine the underlying causes of the 

issues. 

➢ The active involvement of local people at every stage—from planning to 

completion—is crucial for the success of watershed projects. 

➢ Effective institutional support at national, state, district, and village levels is vital 

for smooth functioning of watershed development initiatives. 

➢ Both land-based and non-land-based activities should be promoted. 

➢ Integrated watershed management emphasizes sustainable utilization of natural 

resources such as land, water, vegetation, livestock, fisheries, and human 

resources. 

➢ Greater focus should be placed on crop diversification and integrated farming 

systems to create more employment and ensure higher income generation. 

 Terminal Questions 

1. What is meant by Participatory Watershed Management? 

2. What are the key functions of the District Watershed Committee? 

3. Define Self-Help Groups (SHGs). 

4. Explain the role of Panchayati Raj Institutions in watershed management. 

5. How many specialists form a Watershed Development Team (WDT)? Mention 

their fields of expertise. 

6. What essential aspects should be considered for effective watershed planning? 

7. Why is integrated farming recommended in watershed regions? 
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Unit 05: Water Balance 
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5.5. Inflow Components 
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5.6. Outflow components 
5.7. Ground water Storage 
Summary 
 

5.0 Learning Objectives 

After the study of this unit, a learner would be able to: 

● Know about the concept and definitions of water budget 

● Explain water budget equations and characteristics 

● Various environmental factors affecting the water balance 

● Know the component (Inflow and outflow) of water balance. 

● Know about the ground water storage. 

5.1. Introduction 

The present chapter describe the concept and fundamental principles of water balance. The 

water balance is the relationship between precipitation, evapotranspiration (combine 

process of evaporation and transpiration) and storage (in the form of soil moisture and 

groundwater) or balance between inputs (precipitation) and outputs (evapotranspiration, 

storage and streamflow/runoff). The water balance can be expressed in equation form as 

follow: 

Water is an active entity, is continually in motion within the environment and can change its 

state according to the fluctuations in the surrounding atmosphere. Hydrologic cycle is a 

Precipitation (P) = streamflow (Q) + evapotranspiration (E) + Change in storage (S) 
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natural process that guides and controls the movement of water within the environment and 

is a basic concept in hydrology. It is a complex relationship between runoff and precipitation. 

The concept of water balance constitutes a central component in hydrological estimates 

since it aids in comprehending the routes and storage of water resources in a system. It 

facilitates scrutiny of the hydrologic cycle over any duration of time as well as the estimation 

of the effect resulting from the transformation of any of the components, i.e., inflows or 

outflows have on the system's overall balance. It is a useful technique for examining how 

human activity affects the water balance of any hydrologic cycle subsystem over the time 

period and in any area. 

Water budgeting is a method to calculate the amount of water in a watershed as a net effect 

of contribution of principal elements of water balance equation. All activities of watershed 

management are based on the harvested water in the watershed area or basin. The 

watershed, if possible, should be an independent hydrological unit for water balance 

considerations. The basin size can vary from the large regional, state or basin scale to the 

smaller farm or field levels. Water budgeting can be employed for the estimation of the 

contribution of its components so that scarce water resources can be managed in an optimal 

manner. 

5.2. Water Budget Definition and Concept 

Definition 

Water budget offers an approach for measuring availability and sustainability of a water 

supply. The water budget is a balance of the input and output of a system, in the sense that 

the change in the amount of water stored in an area, including a watershed, is equated to 

the rate at which water enters and leaves the area. Understanding water budgets and the 

hydrologic processes that govern them is fundamental for effective water resource planning 

and management. The observed trend in an area's water budget over a period can be 

employed to evaluate the impact of climate variability and human activities on water 

resources. Comparison of water budgets within various regions enables the impact of factors 

like geology, soils, vegetation, and land use on the hydrologic cycle to be quantified. Water 

balance can be applied for predicting shortfalls in water and controlling water supply. 
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Water Budget Equation 
The principle of conservation can be efficiently used to atmospheric water bodies to analyse 

the hydrologic cycle. The principle of conservation is basically the conservation of mass state 

within a closed system (a system that limit the flow of energy and mass) which implies that 

the combined mass of the system will always be constant and thus the amount of 'mass' 

gets conserved. The concept of conservation assists in the prediction of the physical 

changes taking place within a system at a macroscopic level without getting into details of 

the physical and chemical changes taking place at the microscopic level. The concept can 

be applied effectively to the atmospheric water bodies in such a way as to effectively study 

the hydrologic cycle. The hydrologic equilibrium is expressed by the equation of continuity 

that balances the inflow and outflow of water in a water body. The water balance model for 

a water system can be pictorially comprehended from Figure 1. 

 

 

 

 

 

 

 

 

 

Water flow shown in figure 1 can be represented in mathematical model. The water flow and 

the total difference or changes in the inflow and outflow of water in Figure 1 is represented 

in a simple mathematical equation as follow: 

𝐼 - 𝑂 = ∆𝑆 ……………………………….. (1) 

Where, I = Mass inflow; O= Mass outflow; and ΔS = change in mass storage. 

The water budget equation for a catchment that balances the water inflows and outflows can 

be expressed by equation 2, 

𝑃 = 𝑄 + 𝐸 ± ∆𝑆 ………………………. (2) 

 

 

 

 

 

 

 

Figure 1. Basic Concept of water balance model 
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Where, P = Precipitation; Q = Runoff; E = Evaporation; and ΔS = change in storage 

  

 

Characteristic of Water balance equation  

• The equation can be used in hydrologic sub-systems with any size, in every spatial 

and temporal scale. 

• Quantitative evaluation of all storage, inflow, and outflow components. 

• The equation can be adjusted to reflect the unique inflows and outflows of different 

water systems (e.g., lakes, streams, rivers, groundwater). 

• Useful in predicting how changes in one component affect others within the system. 

• Adaptable for use at both global and local system levels by adjusting relevant terms. 

Concept 

Water budgeting is an accounting of the inputs and outputs of water in which additions or 

depletions are added to or subtracted from the volume of water present in the area from the 

time budgeting or accounting begins. The water balance of a place, whether it is an 

agricultural field, watershed, or basin, can be determined by calculating the input, output, 

and storage changes of water at the earth’s surface. The major input of water is from 

precipitation, and the output is evaporation. In simple terms, a water balance is a budgeting 

exercise that assesses the proportion of rainfall that becomes stream flow (or runoff), 

evapotranspiration, and deep percolation to recharge groundwater. Rainfall and runoff as 

stream flow are directly measured. However, to close the water balance, either deep 

percolation to contribute groundwater or evapotranspiration (ET) also needs to be estimated 

or measured. Water budgeting can be undertaken through water balance equations or 

models. 

5.3. Components of water balance 

The water on earth as surface water in stream, lakes and oceans or groundwater is in 

continuous circulatory movement; there is never ending transformation from one state to 

another. The events covering water movement from atmosphere to land masses and oceans 

and its return to the atmosphere expressed in the form of hydrologic cycle which has neither 

Quantitative assessment of the hydrological cycle for any basin (or area) is called 

water balance or water budget. 
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Figure 2. Elements of hydrologic cycle 

beginning nor end. It represents a closed system in which no single drop of water can be 

created or destroyed (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

The primary elements of a water balance are inputs, outputs, and changes in storage. Inputs 

are the water flowing into a system, e.g., precipitation and surface water input. Outputs are 

the water flowing out of the system, e.g., evaporation, transpiration, and surface water 

output. Changes in storage are the balance between inputs and outputs and represent how 

much water is being held in the system, e.g., soil moisture and groundwater. The terminology 

is discussed as follow: 

Precipitation (P): The quantity of precipitation falling as rain, snow, or other precipitation 

which enters the system. 

Evaporation (E): The quantity of water lost to the atmosphere by evaporation from the land 

surface, bodies of water, and vegetation. 

Runoff (R): Water that flows over the earth's surface and into bodies of water, like lakes, 

rivers, and reservoirs. 

Infiltration (I): The quantity of water that penetrates into the soil and becomes groundwater. 

Groundwater flow (G): The quantity of water passing through the groundwater system. 

All components of hydrological cycle are interrelated and variation in one component may 

affect the other.  



Watershed Management  FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY  Page 59  

The water components can be represented by equation as follow:  

 

 

 

 

 

 

 

The individual components can be written as the following equation: 

P + Qswi + Qgwi – E – Qswo – Qgwo – ΔS ± n = 0 

Where, P = Precipitation, Qswi = Surface water inflow, Qgwi = Ground water inflow, E= 

Evaporation losses, Qswo = Surface water outflow, Qgwo = Groundwater outflow, ΔS = 

variation in water storage, n = a decreasing term accounting for estimation error. 

 

Rainfall, irrigation, and drainage must be measured accurately with proper measuring tools.  

 

 

 

 

5.4. Environmental factors 

Several environmental components directly influence water balance, a term referring to the 

equilibrium between the inputs and outputs of water for a particular area. These are climate, 

geology, land use, and human use. Climate, particularly precipitation and temperature, 

directly influence water supply and evapotranspiration rates. Geology influences infiltration 

and groundwater flow with a resulting influence on subsurface water movement. Land use 

change, e.g., urbanization, can alter surface runoff and infiltration processes. Finally, human 

S Storage value

Basin

Precipitation Evaporation

P E

Runoff
R

Evaporation from surface water (E) and evapotranspiration (ET) can be estimated 

reasonably well by empirical equations using climatic data and plans. Alternatively, ET 

in fields can be measured using lysimeters. 

Check your Progress 1 

Q1. Define the water budget? 

Q2. What are the components of hydrological cycle? 

 Q3. What are the characteristic of Water balance equation? 
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uses like water abstraction and pollution can disrupt the natural hydrologic cycle (Paule-

Mercado et al., 2024; Wang et al., 2021). 

1. Climate 

Precipitation 

Rainfall has the pivotal position in the water balance in an area with extensive effects on 

water availability and water loss from the land through evaporation, runoff, and infiltration 

into the ground. Increased rainfall leads to increased water availability and potentially higher 

river flows and recharge to the groundwater. Lower rainfall, however, is more likely to result 

in water shortages affecting streamflow and groundwater (Paule-Mercado et al., 2024; Wang 

et al., 2021).  

Temperature 

Temperature has predominant control over water balance, primarily through evaporation (as 

temperature increased, evaporation increased), precipitation, and water storage. The rate of 

evaporation increases with increasing temperatures, leading to increased loss of water from 

bodies of water, soil, and through plant transpiration. This would, in turn, reduce water for 

other uses. 

2. Geology: Characteristics of soil like texture (sand, silt and clay content), structure, rock 

type, subsurface influence on formation affects water infiltration, drainage rates, 

groundwater recharge and flow. 

3. Land Use: Urbanization (roads and buildings reduce infiltration, increasing surface runoff 

and potentially causing flooding), deforestation (reduces evapotranspiration and alters 

patterns of rainfall), agriculture (irrigation practices and crop selection can significantly affect 

water demand and water balance). 

4. Water Infrastructure: Dams and Reservoirs (like dams can alter the river runoff pattern 

and affect the availability of water in downstream areas), water abstraction (water drawn out 

from rivers, lakes, or aquifers for use can deplete water resources and affect ecosystems) 

and water pollution (contamination of water bodies can reduce the quality of water and affect 

its usability). 

5. Other Parameters: Vegetation (plants play a role in a large portion of evapotranspiration 

and managing soil moisture), topography (slope and elevation of the landscape influence 
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surface runoff and water movement patterns) and water management practices (water 

consumption and conservation-related policies and regulations can significantly impact 

water balance), surface runoff and water movement patterns and water management 

practices (water usage and conservation-related policies and regulations can have a 

substantial effect on water balance). 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.5. Inflow Components 

5.5.1 Rainfall 

Rainfall is one of the most important components of hydrologic cycle.  

5.5.2 Interception 

Interception is that part of precipitation (usually rain) which is intercepted or held by surfaces 

over the ground, such as vegetation canopies or structures, before it hits the ground surface. 

The majority of the hydrological models rely on the components of water balance, wherein 

the intercepted rainfall by vegetation is treated as a loss. It is a crucial and governing 
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precipitation patterns.
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parameter in hydrological modeling research and flood prediction analysis, hence making its 

effects at local, regional, and global levels inevitable (Tammisetti et al., 2021; Gerrits, 2010).  

5.5.3 Infiltration 

The downward movement of water into the soil surface or other substances is called 

infiltration. Irrigation/rainfall causes infiltration of water into the soil either partially or 

completely since some portion of the water can runoff on the ground surface. Water that has 

infiltrated is held by the soil for use by plants until it attains the maximum water holding 

capacity. Excess water above the infiltrated field capacity percolates to the water table. 

Infiltration rate 

The rate at which water infiltrates the soil is referred to as the infiltration rate, measured in 

cm/hr. This is referred to as the initial infiltration rate. When progressively more water 

replaces air in the pores, more slowly the water from the soil surface infiltrates and ultimately 

comes to a steady rate. This is referred to as the basic infiltration rate (Figure 3). 

 

 

 

 

 

 

 

 

 

The rate of infiltration is constrained by the ability of soil and the rate with which water is 

brought to the surface. The highest rate at which water can infiltrate into a soil under certain 

conditions is referred to as infiltration capacity. 
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Figure 3. Infiltration rate and accumulated infiltration 
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Factors affecting Infiltration: The infiltration rate is influenced by the various factors as 

discussed below. 

• Soil surface type: Raindrops on open surface lead to in washing of finer particles and 

clogging of the surface, reducing infiltration. Infiltration on vegetative surface is far 

greater compared to barren land. Vegetation forms more porous soils by both shielding 

the soil from pounding rain, which can seal natural gaps between the soil particles, and 

soil loosening through root activity. The forest regions possess extremely high 

infiltration rates of any kind of vegetative. 

• Initial moisture in the soil: Infiltration on the dry surface will be significantly greater 

than the wet surface. As the moisture increases, the infiltration diminishes. 

• Temperature: Rising soil temperature increases infiltration rate. 

• Soil texture: Infiltration rate increases directly with grain size. Sandy (light) soils with 

larger grain size compared to the clay (heavy) have greater infiltration rate. 

• Soil compaction: Compacted soils have lower infiltration rate than the loose soils. 

5.5.4 Percolation 

The downward movement of water within a porous medium such as soil towards the water 

table is called Percolation. The entrance of a portion of the stream flow into the channel 

materials or slow seepage of water through a sand bed filter to contribute to groundwater 

replenishment is known as percolating water. The amount of water that passes below the 

root zone of the crop or vegetation is called deep percolation and the route followed by water 

moving or percolating through any permeable material or under a dam which rests on a 

permeable foundation is called Percolation path. Percolation rate is usually expressed as a 

rate at which water moves through saturated granular material. 

Factors affecting percolation 

Porosity, soil texture, hydraulic conductivity, hydraulic gradient and water table depth 

influence the percolation phenomenon. 
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i) The soil texture and porosity are the most important factors in percolation. Sandy soils with 

larger soil particles and higher porosity (more large size pore spaces) result in more 

percolation than the clay soil. 

ii) Hydraulic conductivity (property of soil which denotes the ease with which the water can 

flow through the porous medium or soil). Sandy soils have higher hydraulic conductivity than 

the clay soils. The sandy soils strata are thus known as aquifers in groundwater due to high 

hydraulic conductivity. Higher the hydraulic conductivity, more will be the percolation rate. 

iii) Water depth table from the soil surface decides hydraulic gradient which when combined 

with hydraulic conductivity results in water movement in the soil profile. Shallower the water 

table depth, more will be the hydraulic gradient resulting in more percolation.  

iv) The hydraulic gradient is the ratio of hydraulic head and the length of path of flow. More 

the hydraulic gradient more is the deep percolation. 

5.5.5 Groundwater (sub-surface) flow 

The percolation losses due to recharge from rainfall/irrigation results in rise in water table. 

Conversely due to failure of rainfall during drought may lead to decline in water table. 

Depending on the groundwater situation, sub-surface inflow or sub-surface outflow may 

occur. If water level in the stream is at lower level than the adjoining water table, the water 

will flow towards the stream meaning thereby draining the area (Figure 4). Higher water level 

in the stream than the adjoining water table will recharge the area due to seepage from open 

water body. 

The groundwater inflow and outflow through the boundaries of an area can be determined 

by groundwater contour map showing the direction of groundwater flow and hydraulic 

gradient and by considering hydraulic conductivity at the boundary. The inflow and outflow 

depend on the water table elevation in the study and adjoining areas. Higher water table 

elevation in the adjoining area as compared to the study area will cause inflow to the study 

area and outflow in case of higher water table elevation in the study area. 
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5.6. Outflow components 

5.6.1 Evaporation 

Evaporation is the major process of water transfer in the hydrological cycle. It is the physical 

process of vaporization by which liquid is transformed to a gaseous stage through the 

absorption of heat energy. The moisture reaches the atmosphere from the ocean and the 

land surface and finally results in the rainfall which is the basic source of water for all the 

living beings including plants. 

Importance of Evaporation (NOAA, 2023) 

• It drives water cycle as it is the primary source of water vapor which converted into 

clouds through condensation and finally falls back by precipitation in the atmosphere. 

• It regulates temperature as water turns into vapor which absorbs heat from surrounding, 

thus lowering the temperature. 

• It influences the humidity of the air which interns affect the weather patterns. 

a
b

 

 

 

 

 

 

 

Figure 4.  Effluent (A) and influent (B) streams 

 

Check your Progress 2 

Q.1 Discuss the Environmental factors affecting the water cycle? 

Q.2 Define infiltration and filtration rate. 

Q.3 What is percolation? 

Q4. Discuss the types of inflow components. 
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• Evaporation also effects soil moisture which subsequently affect the availability of water 

to living organisms (plant and animals). 

Measurement of evaporation 

Evaporation is measure using device like pan called 

evaporimeters (Figure 5). 

Factors affecting evaporation 

The evaporation is influenced by following factors 

(Figure 6): 

Atmospheric pressure: Increased pressure 

decreases evaporation. 

Vapour pressure: Greater vapour pressure 

difference heightens evaporation. 

Temperature: Increased water temperature enhances evaporation. 

Wind velocity: Moderate wind enhances evaporation, but too high has minimal additional 

effect. 

Relative humidity: Increased humidity decreases evaporation. 

Water table depth: Low water table enhances evaporation. 

Soluble salts: Saline water evaporates less than pure water. 

Depth of water bodies:  Deep water bodies retain heat, resulting in delayed evaporation. 

Surface of the soil: Large and wet surfaces evaporate more than small and dry ones. 

 

 

 

 

 

 

Figure 5. Class A Evaporation 
Pan. (Source: www.google.com) 
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Figure 6. Factoring affecting the evaporation 
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5.6.2 Transpiration 

Transpiration refers to the process through 

which water vapour is emitted to the atmosphere 

by the stomatal opening of plant leaves. It is 

essentially a process of evaporation in which, 

the rate of transpiration is altered by the 

structure of plants and the behavior of stomata. 

The water flows from soil to the roots, from roots 

to stems and from leaves to the atmosphere. 

The water deficit due to transpiration is 

supplemented by soil uptake. The transpiration 

is carried out during day time alone since the 

stomata open (Figure 7). There is no 

transpiration in darkness because the stomata 

close. The flow of sufficient quantity of water 

from soil to leaves assist in keeping stomata 

open.  

Factors influencing Transpiration 

Temperature: Transpiration rate increases with increase temperature. 

Relative humidity: Rise in relative humidity lowers the rate of transpiration. 

Wind and movement of air: Higher movement leads to increased transpiration rate.  

Crop variables: Transpiration is affected by crop geometry, leaf development, and crop 

height, crop roughness, reflectance and crop root character. Crops with large leaf area and 

spreading with greater ground cover in a given environment lose more water through 

transpiration than crops with small leaf area and poor ground cover. 

Measurement of transpiration 

The lysimeters can be employed to calculate transpiration quite accurately. 

5.6.3 Evapotranspiration 

Water Uptake from Soil

Water Flow to Roots

Water Flow to Stems

Water Deficit

Water Flow to Leaves

Stomata Opening

Transpiration

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Transpiration Process in 
Plants 
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Evapotranspiration or consumptive use is the total of evaporation from cropped land and 

fallow land, water surfaces, plant foliage and transpiration by the plant foliage to atmosphere. 

Water that reaches the plant system by rainfall, dew, sprinkler system of irrigation and 

evaporates is also part of consumptive use. Consumptive use can be used for a crop, a farm 

and a command area. The estimation of evapotranspiration is vital for a command 

area/watershed since it is one of most significant elements of water balance equation 

employed for water budgeting. In general, the evaporation and transpiration factors control 

the evapotranspiration process. Evapotranspiration is usually denoted as depth of water per 

unit time i.e. mm/day.  

Below are the technical terms which describe the evapotranspiration characteristics (Figure 

8). 

a) Potential evapotranspiration (PET): It can be defined as maximum consumptive use of 

a crop when field is saturated by vegetation and soil moisture is not a limiting factor. Potential 

evapotranspiration is no longer a function of soil and plants but basically of climatic factors. 

b) Actual evapotranspiration (AET): It is the actual amount of water taken up by the plant 

based on the available water in the soil. During water shortage, loss of water to air (i.e. 

evapotranspiration) is regulated first by climatic factors and thereafter by soil and vegetation 

properties. During such situations, evapotranspiration will be lower than potential 

evapotranspiration. Evapotranspiration from actual field conditions is referred to as actual 

evapotranspiration. 

c) Reference evapotranspiration (ET₀): The evapotranspiration rate from a grass fully 

covering the ground surface (reference surface) not short of water, is called reference 

evapotranspiration. 
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Figure 8. evapotranspiration characteristics 
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5.6.4 Runoff  

In the water cycle, runoff refers to the movement of water across the land surface, usually 

following precipitation, when the ground becomes saturated and has no capacity to take in 

additional water. It is also called overland flow which moves across the surface and ends up 

in streams and rivers, transforming into streamflow. Runoff is an important component of the 

water cycle, transporting water from land into larger bodies of water, where it can evaporate, 

start the cycle over again, or feed lakes and oceans (Sharma and Machiwal, 2021) (Figure 

9). 

 

 

 

 

 

 

 

5.6.5 Seepage 

The flow of water or other fluids through a porous substance, e.g., the flow of water from an 

earth embankment or a masonry wall, groundwater surfacing on the face of a stream bank, 

the gradual flow of water through minor cracks/pores of a material into or out of a body of 

surface or sub-surface water is referred to as seepage. The stream water flows into the 

groundwater (influent stream) or the groundwater flows into the stream (effluent stream) 

based on the level of water in the stream relative to the water table. The first case is a 

recharge channel that adds to seepage and the second one a discharge channel. 

Factors affecting seepage 

The following factors affect seepage losses: 

Soil porosity: More porous soil (sandy) results in increased infiltration and subsequently 

more seepage. 

Freezing of soil surface: Freezing of soil surface forms an impermeable layer reducing 

infiltration capacity. 

 

 

 

 

 

Figure 9. Various runoff processes in water cycle 
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In wash of fine material: Fine particles at the top surface move with the flowing water to 

form a relatively impervious surface resulting in decreased infiltration. 

Initial moisture content: Infiltration is higher in dry soils as compared to relatively moist 

soils. 

Microstructure of soil: Holes left by the decayed roots of vegetable matter, underground 

channels by burrowing animals and insects, heavy dissolution of minerals increase 

infiltration. 

Soil Compaction: Seepage from compacted section of cannel induces less seepage than 

the loose (non-compacted) section. 

 

 

 

 

 

 

 

5.7. Ground water Storage  

In a water balance, groundwater storage represents the volume of water held within an 

aquifer system, calculated as the difference between groundwater recharge (inflows from 

precipitation or surface water) and groundwater discharge (outflows to rivers, other aquifers, 

or withdrawal) over a specific period. An increase in storage occurs when recharge exceeds 

discharge, while a decrease in storage happens when discharge is greater than recharge 

(Wittenberg and Sivapalan, 1999).  

Components of Ground water Storage 

Groundwater recharge (Inflow): This is the water entering the groundwater system.  

• Percolation: Water from rainfall, rivers, or irrigation seeps into the ground and moves 

downwards to the aquifer.  

• Artificial Recharge: Water added to the aquifer through human activities like irrigation.  

Groundwater discharge (Outflow): This is water leaving the groundwater system.  

Check your Progress 3 

Q.4 Define the transpiration and factor affecting the transpiration? 

Q.5 What is the importance of evaporation in hydrological cycle?  

Q.6 Which instrument is used to measure evaporation and transpiration? 

Q4. Discuss the seepage. 

Q5. Discuss the inflow and outflow components of ground water storge. 
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• Baseflow: Groundwater naturally discharging into streams and rivers.  

• Withdrawal (Pumping): Water extracted from the aquifer for human use.  

• Seepage: Losses from surface water distribution systems into the groundwater.  

• Discharge to other Basins: Water flowing into neighboring groundwater basins.  

• Storage Change: The net change in the volume of water in the aquifer over time.  

The general, water balance equation is presented as: 

I (Input) - O (Output) = ΔS (Change in Storage) 

When the equation is applied to a specific area, it can be expanded to include groundwater:  

P + I + U - (ET + R + D + L) = ΔS: 

Where, P: Precipitation; I: Irrigation additions; U: Upward capillary flow from the water table; 

ET: Evapotranspiration; R: Surface Runoff; D: Vertical drainage to groundwater (recharge); 

L: Lateral drainage or discharge from groundwater; ΔS: Change in groundwater storage (or 

storage in other components like soil moisture) 

Summary 

The chapter introduces the concept of water balance, which relationship represents the 

between precipitation, evapotranspiration, runoff, and changes in storage such as soil 

moisture and groundwater. It explains how the hydrologic cycle is a continuous, closed 

system where water keeps moving and transforming between different states. Water 

budgeting is emphasized as a method to assess inputs and outputs of water and to plan and 

manage water resources effectively at different spatial and temporal scales. 

The water budget equation, derived from the law of conservation of mass, balances inflows, 

outflows, and changes in storage. It can be applied at various levels, from farms and 

watersheds to large river basins. The main equation includes precipitation as the primary 

input, with runoff, evaporation, and changes in storage as outputs. This approach allows for 

predicting water shortages, studying the effects of human activities and climate change, and 

comparing water resources across different regions. 
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The components of water balance: inputs like rainfall, infiltration, percolation, and 

groundwater recharge; and outputs like evaporation, transpiration, runoff, seepage, and 

groundwater discharge.  

Environmental factors such as climate, temperature, geology, land use, vegetation, and 

human activities significantly affect these components. For example, urbanization increases 

runoff, while deforestation reduces evapotranspiration, both altering natural water balance. 

Groundwater storage is an important element, representing the balance between recharge 

and discharge in aquifers. An increase occurs when inflows exceed withdrawals, while 

depletion occurs when discharge is higher.  
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Unit 6: Water Harvesting Systems  

Unit Structure 

6.0 Learning Objectives 

6.1 Introduction 
6.2 Water Harvesting Systems 

6.2.1 In-situ Water Harvesting for Water Conservation 
6.2.2 Surface Water Harvesting Techniques 

6.3 Planning, Design and Construction: Rooftop Rainwater Harvesting 
6.3.1 Rooftop Rainwater Harvesting 

6.3.1.1 Types and Components 
6.3.1.2 Planning and Design 

Summary 
 

6.0 Learning Objectives  

After completing this unit, you should be able to: 

• Define and explain water harvesting 

• Explain the significance of water harvesting 

• Identify and outline different techniques of water harvesting. 

• Explain various types of water storage structures 

• plan, design, and construct such structure 

• Comprehend the basic concept of rooftop rainwater harvesting, along with its need 
and benefits. 

• Describe the methods of construction and maintenance of different components of 
rooftop rainwater harvesting systems. 

6.1 Introduction  

Watershed management includes both structural and non-structural practices. It includes 

management of vegetation as well as structural measures, like engineering works, 

wherever they are needed. It makes use of soil conservation methods, land use planning, 

and activities like building dams, setting up protected areas, and creating rules for road 

construction, timber harvesting, agroforestry, and other land uses. The central idea in all 

these practices is how they influence the interaction between water and other natural 

resources within a watershed. The key connecting factor is water. This emphasis on water 
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and its relationship with land, forests, and other resources is what makes watershed 

management different from other resource management approaches. 

Water harvesting is a method of capturing and utilizing surface water to supplement 

existing supplies or to provide water in areas where other sources are unavailable or too 

expensive. It involves artificial systems designed to collect and store rainfall for later use in 

livestock rearing, small-scale farming, and domestic purposes. A typical water-harvesting 

system consists of a catchment area, often treated or prepared to improve runoff, and a 

storage structure for holding the collected water—unless the water is directly allowed to 

infiltrate the soil for growing drought-resistant crops. In cases where irrigation is intended, 

a distribution system is also required. This technology is versatile and can be successfully 

applied in most dry and semi-arid regions across the world. 

6.2 Water Harvesting Systems  

Traditional water harvesting systems based on indigenous knowledge have been widely 

used for centuries in our country depending upon the diverse agro-climatic conditions. 

These systems have served multiple purposes such as irrigation, drinking water supply, 

livestock rearing, and groundwater recharge. They played a vital role in sustaining 

agriculture and meeting domestic water needs, especially in arid and semi-arid regions. 

Over time, many of these systems have undergone positive modifications to make them 

more cost-effective and adaptable to modern needs. The modern systems mainly focus on 

maximizing rainwater capture, groundwater recharge, and efficient use of water with 

scientific designs, low-cost materials, and often for regulatory support. 

6.2.1 In-situ Water Harvesting for Water Conservation 

In-situ water conservation refers to techniques that conserve rainwater at the place where 

it falls, allowing maximum infiltration into the soil and reducing surface runoff. Instead of 

diverting water to storage structures elsewhere (ex-situ), in-situ methods ensure that 

rainwater percolates locally to improve soil moisture, recharge groundwater, and enhance 

agricultural productivity. It includes the following methods: 

i) Contour Bunding: It is a traditional in-situ water and soil conservation practice, 

widely used in rain-fed and semi-arid regions. Small earthen embankments 

(bunds) along the natural contour lines of land, usually across slopes of 2–8% are 

constructed. These bunds break the slope length, reduce the velocity of surface 
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runoff, and allow water to be stored temporarily between bunds, enhancing 

infiltration into the soil. As a result, soil moisture is conserved, groundwater 

recharge improves, and soil erosion is minimized. Contour bunding is particularly 

effective in low to medium rainfall areas, while in higher rainfall regions bunds are 

laid at a slight gradient (0.2–0.5%) to allow safe drainage of excess water. 

Sometimes reinforced with stones or vegetation, this technique not only supports 

dryland agriculture and increases crop yields but also prevents siltation 

downstream, making it a cost-effective and sustainable method of resource 

management. 

ii) Bench Terracing: It is a traditional in-situ soil and water conservation practice 

used on hilly and sloping lands. In this method, long uninterrupted slopes are 

converted into a series of flat or nearly flat steps, or benches, by half cutting and 

half filling along the contour lines. These terraces reduce the effective land slope, 

slow down the velocity of runoff, enhance rainwater infiltration, and thereby 

minimize soil erosion. Bench terracing is particularly suitable for moderate to steep 

slopes (16–33%) with high rainfall. Apart from conserving soil moisture, it improves 

fertilizer-use efficiency, supports proper water management, and makes cultivation 

of crops such as rice possible on hill slopes. Though its construction is labor-

intensive and costly, the practice significantly improves soil depth, fertility, and 

long-term crop productivity. 

iii) Contour Trenching: It is another in-situ soil and water conservation technique 

practiced on hilly and sloping lands, particularly in areas prone to erosion and 

water scarcity. It involves digging narrow trenches along the natural contour lines 

of the slope to intercept surface runoff and allow water to percolate into the soil, 

thereby conserving moisture and recharging groundwater. The excavated soil is 

used in forming a small bund on the downhill side which further checks runoff. 

Trenches may be continuous or staggered depending on rainfall and slope: 

continuous trenches with a slight gradient (0.2–0.5%) are preferred in medium to 

high rainfall areas, while staggered or discontinuous trenches suit low rainfall 

regions. Suitable for slopes up to 20% and shallow soils, contour trenching 

improves soil moisture, enhances vegetation growth, reduces erosion, and 

contributes to watershed restoration and increased land productivity. 
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iv) Nala Bunding: Nala bunding is a water conservation technique designed to 

control soil erosion, manage runoff, and enhance groundwater recharge in small 

streams or drainage channels (nalas). Surface runoff flowing through nalas often 

results in significant water loss due to the high velocity of flow. By constructing 

small embankments or bunds—made of earth, stone, or concrete—across the 

nala, the flow of water is slowed, causing ponding upstream. This temporary 

storage raises the water level, allowing more time for water to percolate into the 

soil, thereby enhancing groundwater recharge and making it available for 

irrigation. Cemented or rock dams can also be constructed to further utilize the 

flowing water for agricultural purposes. Nala bunding is a simple, economical, and 

effective method that reduces downstream erosion, conserves water, and 

improves soil moisture for farming. 

v) Contour vegetative barrier: It is a sustainable soil and water conservation 

method in which strips of vegetation are planted along natural contour lines on 

slopes. Fast-growing, deep-rooted leguminous trees or shrubs such as Leucaena 

leucocephala, Gliricidia sepium, and Erythrina species are commonly used. Crops 

are planted in the alleys between these hedgerows, a practice known as alley 

cropping. Periodic pruning of the trees provides mulch and green manure, 

maintaining soil fertility while minimizing shading on crops. The vegetative barriers 

reduce runoff, prevent soil erosion, enhance soil moisture, and trap sediments, 

gradually aiding the formation of terraces. They can also be planted on contour 

bunds to stabilize them against heavy rains. This method is cost-effective, 

environmentally friendly, and improves long-term productivity on sloping lands. 

6.2.2 Surface Water Harvesting Techniques 

A) Traditional Water Harvesting Systems 

Some of the important traditional water harvesting systems prevalent in different regions of 

India are described below: 

i)  Tanka: The Tanka is a traditional rainwater harvesting system widely used in the arid 

and semi-arid regions of Rajasthan, especially in Jaisalmer, Barmer, Bikaner, and 

Jodhpur. It is a cylindrical underground tank built with stone, lime mortar, or cement 

plaster and covered to reduce evaporation and prevent contamination. Rainwater from 



Watershed Management FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY                                                                                                                    Page 78 

rooftops or catchment areas (agors) is diverted into the tanka through filtered channels. 

With a storage capacity of 20,000–100,000 liters, it mainly supplies drinking and 

domestic water and sometimes serves livestock needs. Despite higher construction 

costs and maintenance requirements, the tanka remains a sustainable and dependable 

water source in desert regions. 

ii)  Khadin: The Khadin, also known as Dhora, is a traditional rainwater harvesting system 

developed in the arid regions of western Rajasthan. It was first designed in Jaisalmer 

by some Paliwal brahmins about 300 years ago and remains a highly effective method 

for conserving both soil and water. A khadin consists of a long earthen embankment 

built across the lower hill slopes, with sluices or outlets for excess runoff. During the 

monsoon, rainwater and runoff from the rocky uplands collect behind the embankment, 

allowing the water to stand and gradually infiltrate the soil. This increases soil moisture 

and improves land fertility, enabling farmers to grow crops such as wheat, barley, gram, 

and pulses even in dry years. Unlike tanks or ponds, the main benefit of a khadin lies 

not in direct storage but in enhancing moisture availability within the field itself, making 

it a sustainable practice in desert agriculture. 

iii) Bandharas: Bandharas are traditional water harvesting structures commonly found in 

Maharashtra. They are small check dams or diversion weirs built across rivers and 

streams to store and regulate water for irrigation, particularly for crops like sugarcane. 

Apart from providing assured irrigation, they also help in controlling floods during heavy 

rains. To prevent overflow and flood damage, many bandharas have shutters and weir 

vents that may be opened to let excess water flow through. As a result, they are a 

multifunctional and efficient system for managing floods and conserving water in the 

area. 

iv) Ahars: Located primarily in south Bihar, ahars are traditional water gathering 

structures. They are sizable, rectangular catchment basins that are surrounded by walls 

on three sides and have a fourth open area that collects runoff and rainfall from nearby 

fields. During the monsoon season, river or stream water is redirected into ahars by 

canals known as pynes, which are typically connected to ahars. The water that has 

been stored is utilized to irrigate crops, especially paddy, which needs standing water. 

Ahars sustain fisheries and aid in groundwater recharge in addition to irrigation. The 
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indigenous wisdom of the community in effectively managing monsoon water in regions 

that are prone to both drought and flooding is reflected in this method. 

v)  Johads: In Rajasthan, particularly in the Alwar district, johads are traditional water 

collection structures that are commonly employed. These are little check dams made of 

earth that are placed across hillsides or in natural clefts to catch and hold rainwater. 

Johads replenish groundwater aquifers by capturing monsoon runoff and allowing it to 

seep into the earth. In addition to being utilized for drinking and livestock, the stored 

water is occasionally used to irrigate neighboring farms. Johads have improved water 

supply and vegetation cover in desert regions over time by reviving dried wells and 

streams. These community-managed, low-cost, and straightforward solutions 

demonstrate the value of conventional water conservation techniques in areas that are 

vulnerable to drought. 

vi) Saza Kuva: Saza Kuva is a traditional water harvesting and irrigation system practiced 

in the arid regions of Rajasthan, particularly in Udaipur and Jodhpur districts. It consists 

of a large open dug well connected with multiple small field channels that distribute 

water to agricultural lands. The term Saza means “shared,” as the well is usually owned 

and managed collectively by several farmers. Water is lifted manually or with the help 

of devices such as Persian wheels, bullocks, or pumps, and is mainly used for irrigating 

crops like wheat, barley, pulses, and vegetables. By ensuring equitable distribution of 

scarce water resources, the Saza Kuva reflects a strong community-based approach to 

water management and remains an important system for sustaining agriculture in dry 

regions. 

vii) Kund or Kundi: Kund or Kundi is a traditional rainwater harvesting system widely 

practiced in the Thar Desert of Rajasthan and parts of Gujarat, designed primarily to 

provide drinking water in extremely arid conditions. It consists of a circular, 

underground, dome-shaped tank surrounded by a saucer-shaped catchment area that 

gently slopes towards the center, channeling rainwater into the well-pit. The inlet is 

covered with a wire mesh to prevent debris from entering, while the inner sides of the 

pit are coated with lime and ash to act as a disinfectant and minimize seepage. Most 

kunds are protected with a dome-shaped cover or lid, which helps reduce evaporation 

and contamination. The depth and diameter of kunds vary depending on their intended 
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use, but they generally provide a reliable and sustainable source of safe drinking water, 

making them a vital water conservation practice in desert regions. 

viii) Kuis or Beris: Kuis or Beris are traditional water harvesting structures found in the 

arid regions of western Rajasthan, particularly in sandy tracts with good groundwater 

potential. They are usually 10–12 m deep, vertical pits dug near tanks, ponds, or 

natural depressions to collect seepage water after rains and can also serve to harvest 

direct rainfall in areas with scanty precipitation. The mouth of the pit is kept very narrow 

to minimize evaporation, while the structure widens underground to expose a larger 

surface area for seepage collection. The sides are often lined with stones to prevent 

collapse in sandy soil, and the openings are typically covered with wooden planks for 

protection. Entirely simple and earthen in construction, kuis / beris have long been a 

dependable source of drinking and domestic water during dry months, making them a 

vital survival strategy for desert communities. 

ix) Baoris:  Baoris (also called Bers) are traditional community stepwells found in the arid 

and semi-arid regions of Rajasthan, primarily used for drinking water. They are deep, 

stone-lined wells with steps leading down to the water, allowing access even when the 

water level is low. Constructed with durable stone masonry and lime mortar, baoris 

have the capacity to hold water for long periods due to minimal evaporation. Many of 

them were built centuries ago near villages, temples, or caravan routes, serving as 

dependable sources of water for both people and animals. In addition to their functional 

role, baoris were often regarded as sacred spaces and became important centers of 

social and cultural life in desert communities. 

x)  Bhandaras: Bhandaras are traditional water harvesting and storage structures 

commonly found in Maharashtra and parts of Rajasthan. They are essentially check 

dams or diversion weirs built across rivers, seasonal streams, or rivulets to raise the 

water level and divert it into irrigation channels. In many cases, they also impound 

water to form small reservoirs, which are used for drinking, livestock, and crop 

irrigation. Constructed with stone masonry and lime mortar, bhandaras are designed to 

withstand strong monsoon flows while allowing gradual seepage that helps recharge 

wells and aquifers in surrounding areas. Serving both as a source of surface water and 

as a means of groundwater recharge, bhandaras represent a community-managed, 



Watershed Management FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY                                                                                                                    Page 81 

multipurpose system that has provided water security in drought-prone regions for 

centuries. 

xi) Jhalaras: Jhalaras are traditional water harvesting structures found mainly in Rajasthan 

and parts of Gujarat, particularly in cities like Jodhpur, Jaipur, and Tonk. They are 

typically rectangular stepwells with symmetrical flights of steps on three or four sides 

leading down to the water. Jhalaras are made to collect underground seepage and 

overflow from upstream lakes, tanks (talabs), or reservoirs, as opposed to baoris, which 

collect direct rainfall. This ensures that nearby areas have a consistent supply of 

groundwater. Traditionally, rather than being utilized for drinking, the stored water was 

used for religious ceremonies, communal bathing, and ceremonial uses. A significant 

component of Rajasthan's cultural and water management legacy, many jhalaras were 

built close to temples, forts, and palaces. They were frequently embellished with 

architectural sculptures that blended aesthetic beauty with practical construction. 

xii) Kere: The main irrigation technique in the Central Karnataka Plateau is kere, which 

are historic man-made tanks or ponds that are extensively distributed throughout 

Karnataka and parts of South India. They are made to effectively store surface runoff 

and rainfall by enclosing natural drainage depressions with stone or earth 

embankments. In many areas, the overflow from one upstream tank flows into the next 

downstream, creating a cascading chain of keres spaced a few kilometers apart. This 

integrated system maximizes water utilization by preventing waste through overflow 

and ensuring that seepage losses from upper tanks refresh those lower in the chain. In 

addition to irrigation, keres support local ecosystems and biodiversity by providing 

drinking water, raising livestock, supporting fisheries, and recharging groundwater. 

They represent a long-standing culture of shared accountability and sustainable water 

management, having historically been run by local communities. The inventiveness of 

indigenous knowledge in maximizing limited water supplies across semi-arid areas is 

demonstrated by the cascading design of keres. 

xiii) Paar System: Paar System, also known as Patali Paani, is a predominant rainwater 

harvesting technique in Rajasthan, especially in Jaisalmer. In this method, rainwater 

from the agar (catchment) flows into sandy soil, where it percolates and gets naturally 

filtered. To access this underground storage, shallow wells called kuis or beris (5–12 

m deep) are dug in the storage zone. Often constructed with masonry lining, these 
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wells provide clean and potable water for long periods due to sand filtration. This 

system reflects the ingenuity of desert communities in harnessing natural topography 

and soil conditions to secure drinking water in extremely arid landscapes, while also 

ensuring sustainable groundwater management during droughts. 

xiv) Eris: Eris are traditional tank systems of Tamil Nadu and represent one of the oldest 

and most extensive water harvesting and irrigation networks in South India. These 

man-made reservoirs are constructed by bunding natural drainage depressions or by 

building earthen embankments across streams. Eris are of two main types—system 

eris, which receive water from river-fed canals, and non-system eris, which depend 

mainly on local rainfall and runoff. Many are linked in a cascading chain, where 

surplus water from one tank flows into the next downstream, ensuring efficient 

utilization, groundwater recharge, and minimal wastage. Eris have historically been 

community-managed and served multiple purposes, including irrigation, drinking water 

supply, livestock rearing, fisheries, and aquifer recharge. Remarkably, about one-third 

of the irrigated area of Tamil Nadu is still sustained by Eris, underlining their 

agricultural importance, especially for paddy cultivation. Beyond irrigation, they play a 

vital ecological role—functioning as natural flood-control systems, reducing soil 

erosion, conserving runoff during heavy rains, and maintaining the groundwater table. 

Their presence also creates a favorable microclimate agriculture as well as 

biodiversity. Even today, Eris remain central to rural livelihoods in Tamil Nadu, 

reflecting the wisdom of traditional water management practices adapted to semi-arid 

environments and showcasing a balance between ecological sustainability and 

human needs. 

xiv) Kuls: Kuls are traditional water harvesting and irrigation systems found in the hilly 

regions of Himachal Pradesh and Jammu & Kashmir, especially in areas like the Spiti 

Valley. They are small, man-made channels designed to divert glacier meltwater or 

perennial mountain streams (khads) to villages, fields, and orchards. Constructed 

using locally available materials such as mud, stones, and wood, kuls often run for 

several kilometers along mountain contours before branching into smaller 

distributaries. In muddy or unstable terrain, they are carefully lined with stones to 

prevent clogging and ensure smooth flow. The water carried by kuls is primarily used 

for irrigation, though it also supports drinking, domestic needs, and livestock. Their 
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upkeep is traditionally managed collectively by the community under the supervision 

of a local water master (kohli), who ensures equitable distribution and fair use. 

B) Modern water harvesting systems and Storage Structures 

Modern water harvesting systems are contemporary methods developed to augment water 

availability, reduce dependence on external supplies, and ensure sustainable use of 

natural resources. Unlike traditional systems that were mostly community-managed and 

location-specific, modern approaches combine scientific design, engineering innovations, 

and regulatory frameworks to maximize water capture and recharge. Modern water 

harvesting systems categorized into two categories based on source of water supply.  

i) Roof Water Harvesting:  Roof water harvesting is an efficient and sustainable 

method of conserving rainwater by collecting it from building rooftops for direct use or 

groundwater recharge. In this system, the rooftop serves as the primary catchment 

area, from which rainwater is guided through gutters and downpipes into a filtration 

unit that removes debris, dust, and other impurities, ensuring cleaner water. The 

filtered water is then either stored in tanks or cisterns for domestic, irrigation, or 

livestock use, or directed into recharge pits and wells to replenish groundwater levels. 

Beyond providing an additional water source, roof water harvesting helps reduce the 

strain on municipal supply, mitigates urban flooding by controlling surface runoff, and 

supports environmental sustainability by promoting groundwater conservation. With 

minimal investment and maintenance, it is particularly valuable in water-scarce 

regions, urban settlements, and areas prone to erratic rainfall, making it a crucial 

component of modern water management strategies. 

ii) Surface Runoff Harvesting: is a water conservation technique that involves 

collecting and storing rainwater flowing over the land surface before it is lost as runoff. 

This method is especially suitable for regions with moderate to high rainfall or 

undulating terrain where excess water can be captured from fields, roads, or 

catchment areas. The harvested water is stored in structures such as check dams, 

percolation tanks, farm ponds, or small reservoirs, which not only provide water for 

irrigation, livestock, or domestic use but also help in recharging groundwater. By 

slowing down runoff, these structures reduce soil erosion, improve soil moisture, and 

enhance the productivity of agricultural land. Surface runoff harvesting is an effective 
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and adaptable approach that maximizes the utilization of available water resources, 

particularly in areas where conventional water supply is limited, and plays a vital role 

in sustainable watershed management. 

iii) Groundwater Recharge Techniques: Groundwater recharge techniques are 

methods designed to enhance the natural replenishment of aquifers by allowing 

rainwater or surface runoff to percolate into the ground. These techniques are 

particularly important in water-scarce regions or areas where groundwater levels have 

declined due to over-extraction. Recharge methods include the construction of 

recharge wells, borewells, injection wells, percolation pits, trenches, and sand or 

check dams, which capture and direct water into permeable soil layers. In addition to 

replenishing underground water sources, these techniques help maintain the water 

table, reduce dependence on surface water, improve the availability of water for 

irrigation, drinking, and industrial purposes, and prevent land subsidence caused by 

excessive groundwater withdrawal. By integrating these methods with watershed 

management and surface water harvesting, groundwater recharge becomes a vital 

tool for sustainable water resource management and long-term environmental 

conservation. 

iv) Small-scale Storage Structures: Small-scale storage structures are compact water 

harvesting facilities designed to collect and store rainwater or runoff for local use, 

particularly in farms, households, or small communities. These structures include farm 

ponds, dugout tanks, household cisterns, check dams, and contour bunds, which are 

relatively low-cost, easy to construct, and maintain. They serve multiple purposes 

such as irrigation for crops, watering livestock, domestic use, and even supporting 

small-scale fisheries. By capturing and storing water close to the point of use, small-

scale storage structures reduce dependence on distant water sources, minimize 

water losses from evaporation and runoff, and help in recharging the local 

groundwater table. Additionally, they contribute to soil moisture conservation, prevent 

soil erosion, and enhance agricultural productivity. 

6.3 Planning, Design and Construction: Rooftop Rainwater Harvesting  

The planning, design, and construction of water harvesting structures require a systematic 

approach to optimize water conservation while ensuring sustainability and cost-
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effectiveness. It begins with an assessment of local conditions, including rainfall patterns, 

watershed topography, soil type, land use, water demand, and the intended purpose of the 

harvested water, such as irrigation, domestic supply, livestock, or groundwater recharge. 

Based on this evaluation, suitable structures like check dams, percolation tanks, farm 

ponds, rooftop harvesting systems, or recharge pits are selected and designed to 

maximize storage capacity, runoff capture, and water quality. Key design considerations 

include the size and shape of the structure, catchment area, conveyance and filtration 

systems, safety measures, and maintenance requirements. Construction emphasizes 

proper excavation, durable materials, contour alignment where applicable, and prevention 

of seepage or structural failure. Accurate planning also requires understanding the 

meteorological and physical characteristics of the watershed, which determine runoff 

volume and peak flow rates essential for farm pond sizing and spillway design. Long-term 

rainfall records are ideal for computing runoff, but in their absence, rainfall intensity–

duration–frequency relationships can be used. Additionally, physiographic features such as 

slope, flow length, soil type, and land use must be considered. Finally, water demand 

during critical periods should be assessed and compared with the expected harvested 

volume to ensure efficient and reliable water supply. 

Site selection is a crucial step in planning water harvesting structures, as it directly affects 

efficiency, storage capacity, durability, and water quality. A suitable site requires careful 

evaluation of topography, slope, soil type, drainage patterns, land use, and proximity to 

water demand. For pond construction, the catchment area must be balanced—too small a 

catchment will not provide enough water, while too large a catchment may cause rapid 

siltation. Vegetated catchments or areas with conservation measures like bunds, terraces, 

and trenches reduce sediment inflow and prolong pond life. Stony sites should be avoided 

due to excavation difficulties, and catchments prone to alkalinity or salinity must be 

excluded to ensure water quality. Additionally, the site should allow easy construction, 

maintenance access, minimal disruption to existing land use, and support groundwater 

recharge, safety from flooding, and ecological sustainability. Proper site selection 

optimizes water collection, reduces siltation, and maximizes the long-term benefits of water 

harvesting. 

Another important consideration is design which is critical to ensure that water harvesting 

structures are efficient, durable, and sustainable. Key factors include the purpose of water 
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use (irrigation, domestic supply, livestock, or groundwater recharge), the volume of water 

to be harvested, and the characteristics of the catchment area such as size, slope, soil 

type, and land cover. The structure’s shape, size, and storage capacity must be adequate 

to capture and retain runoff without causing overflow or damage. Hydraulic design 

elements, such as spillways, inlet and outlet arrangements, and conveyance channels, 

must be carefully planned to manage peak flows and prevent erosion. Filtration systems 

should be incorporated to maintain water quality, while construction materials and 

techniques should ensure structural stability and resistance to seepage, weathering, and 

siltation. Maintenance access, safety measures, and environmental impact, including 

vegetation cover and biodiversity, should also be considered. By addressing these design 

parameters, water harvesting structures can maximize water collection, reduce losses, 

extend service life, and contribute effectively to water security and sustainable watershed 

management. 

Storage capacity is another fundamental aspect of water harvesting design, as it 

determines the volume of water that can be captured, stored, and utilized effectively. The 

capacity depends on factors such as the size of the catchment area, rainfall intensity and 

distribution, runoff coefficient, and the intended use of the water—whether for irrigation, 

domestic supply, livestock, or groundwater recharge. Accurate estimation of storage 

capacity ensures that structures can meet water demand during critical periods while 

preventing overflow, structural damage, or excessive siltation. Design calculations often 

consider peak runoff, seasonal variations in rainfall, and losses due to evaporation, 

seepage, or infiltration. Additionally, storage structures should allow for sediment 

deposition, and, where necessary, incorporate mechanisms like silt traps or desilting 

chambers to maintain long-term capacity. Optimizing storage capacity not only improves 

water availability and reliability but also enhances the efficiency, sustainability, and lifespan 

of water harvesting structures. 

6.3.1 Rooftop Rainwater Harvesting  

The rapid increase in population and accelerating urbanization have placed significant 

pressure on existing water resources, leading to overexploitation of both surface water and 

groundwater. Water scarcity has become a serious challenge worldwide, and India is 

particularly affected. Rooftop rainwater harvesting offers an effective and sustainable 
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solution for supplementing water supply and replenishing declining aquifers in both urban 

and rural areas. Rainwater can be collected either from individual homes or collectively 

from multiple houses in group housing communities. 

6.3.1.1 Types and Components  

Rainwater harvesting systems can be mainly categorized into roof-top harvesting systems 

and surface runoff harvesting systems. Roof-top harvesting collects rainwater from building 

roofs, while surface runoff harvesting captures rainwater from the lad surfaces i.e., 

catchment areas. Both types aim to store water for direct use or to recharge groundwater. 

A typical system consists of four main components - the catchment area, which collects 

rainwater; the conveyance system, such as gutters, pipes, and channels, which directs 

water from the catchment to storage or recharge structures; the filtration unit, which 

removes debris, sediments, and contaminants; and the storage or recharge facility, which 

may include tanks, cisterns, ponds, or recharge pits to store water for later use or allow it 

to percolate into the groundwater. Proper integration of these components ensures 

efficient water collection, storage, and quality maintenance. 

6.3.1.2 Planning and Design  

The amount of runoff generated from a given area depends on the characteristics of the 

catchment or rooftop, the intensity of rainfall, and the efficiency of the collection system in 

minimizing losses. The maximum volume of water that can be captured from an area is 

referred to as the water harvesting potential, which can be calculated using the formula: 

Water Harvesting Potential (m³) = Rainfall (m) × Collection Efficiency (fraction) × Rooftop 

or Catchment Area (m²) 

The collection efficiency reflects the fact that not all rainfall can be harvested due to losses 

from evaporation, spillage, or system leakages. Factors such as the runoff coefficient and 

first-flush diversion are considered when estimating collection efficiency. For example, 

assuming a rooftop runoff coefficient of 80% and an additional 10% loss due to spillage or 

pipe leakage, the volume of harvestable water can be determined using the above formula. 

Storage tanks are used to retain harvested water, and their size must be carefully 

determined based on factors such as household population, water usage patterns, 

duration of water scarcity, rainfall, roof type and area, and the status of existing water 

sources. Typically, the domestic water scarcity period ranges from 90 to 200 days, 
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depending on rainfall quantity and distribution. Household water demand should consider 

local habits, with a minimum per capita requirement of about 50 litres per day. The storage 

tank size can be estimated using the formula: 

Tank Capacity (litres) = Number of persons × Duration of water scarcity (days) × Per capita 

water requirement (litres/day)  

The storage tank capacity, which represents the total household water requirement during 

periods of scarcity, should be compared with the volume of water that can be harvested 

from the rooftop. If the harvested water is less than the tank’s capacity, it will only meet a 

portion of the household’s needs during the scarcity period. The volume of water available 

from roof harvesting can be calculated using the formula: 

Water Available (litres) = Annual Rainfall (mm) × Roof Area (m²) × Runoff Coefficient 

The runoff coefficient depends on the type of roof and represents the fraction of rainfall 

that can be effectively collected. Different roofing materials have specific runoff 

coefficients, which are used to estimate the actual harvestable water from a rooftop. 

Summary 

Water harvesting is a vital approach for capturing and utilizing surface water to supplement 

existing supplies or provide water in areas where conventional sources are scarce or 

costly. It is a key component of watershed management, which combines structural 

measures—such as dams, bunds, terraces, and embankments—with non-structural 

practices like soil and vegetation conservation to regulate water flow, reduce erosion, and 

maintain ecological balance. Traditional water harvesting systems in India, developed over 

centuries based on indigenous knowledge, have catered to diverse agro-climatic 

conditions, supporting irrigation, drinking water, livestock, and groundwater recharge. 

Examples include tankas in Rajasthan, ahars in Bihar, johads, baoris, and eris in South 

India, each adapted to local rainfall, topography, and community needs. Modern water 

harvesting techniques build on these traditional systems, integrating scientific design, 

engineering solutions, and regulatory frameworks to maximize rainwater capture, improve 

groundwater recharge, and ensure efficient water use. They include in-situ methods like 

contour bunding, bench terracing, contour trenches, nala bunding, and vegetative barriers, 

which conserve water at its point of fall, enhance soil moisture, and prevent erosion, as 
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well as ex-situ or surface water harvesting methods that collect runoff in ponds, check 

dams, farm ponds, or small-scale storage structures. 

Effective water harvesting requires systematic planning, careful design, and proper 

construction of structures to ensure durability, efficiency, and sustainability. Site selection 

is critical and depends on factors such as topography, slope, soil type, drainage, 

catchment area, and proximity to water demand. The size of the catchment must be 

balanced to avoid insufficient water collection or rapid siltation. Design considerations 

include the purpose of water use (irrigation, domestic, livestock, or recharge), expected 

runoff volume, structural shape and size, hydraulic elements like spillways and channels, 

filtration for water quality, and safety measures. Storage capacity must account for rainfall 

distribution, runoff coefficient, evaporation, seepage, and anticipated water demand during 

scarcity periods, with sediment management mechanisms included when needed. Small-

scale storage structures, such as farm ponds, dugout tanks, and household cisterns, 

capture and store runoff near the point of use, enhancing water availability for local 

consumption, irrigation, and livestock while supporting groundwater recharge and reducing 

reliance on distant sources. Long-term planning requires understanding watershed 

meteorology, rainfall-intensity relationships, slope, soil characteristics, and land use to 

optimize water harvesting potential. 

Rooftop rainwater harvesting (RRWH) has emerged as an effective solution to meet 

domestic, agricultural, and urban water demands amid increasing population, urbanization, 

and groundwater depletion. Rainwater is collected from individual or group housing 

rooftops and conveyed through gutters and pipes into filtration units that remove debris, 

sediments, and contaminants. The filtered water is then stored in tanks or cisterns for 

direct use or directed into recharge pits to replenish aquifers. The main components 

include the catchment area, conveyance system, filtration unit, and storage / recharge 

facility. Water harvesting potential can be calculated using the formula: Water Harvesting 

Potential = Rainfall × Collection Efficiency × Roof Area, where collection efficiency 

accounts for runoff coefficients, evaporation, spillage, and first-flush diversion. Storage 

tanks must be sized according to household population, per capita water needs (minimum 

50 liters/day), duration of water scarcity, roof area, and rainfall. When harvested water is 

insufficient to meet total demand, it supplements the household supply during scarcity 

periods. Rooftop harvesting thus provides a low-cost, sustainable method to augment 
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water availability, reduce pressure on municipal sources, improve groundwater levels, and 

promote environmental sustainability in both urban and rural settings. 
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7.0 Learning Objectives 

After completion of this unit, you will be able to:  

• understand about soil and its origin and regeneration;  

• discuss soil erosion and its types;  

• understand different causal agents of soil erosion;  

• learn about the effects of soil erosion; 

• understand the importance of soil conservation;  

7.1 Introduction 

The top, loose and unconsolidated layer of the earth’s crust is called as soil, that is 

composed of organic, inorganic, soil moisture, gases and various soil microbes. Biosphere 

is the life layer and soil acts as the heart of this layer and is useful for the development of 

human civilization. Soil supports the entire terrestrial and aquatic life systems, provides 

water and mineral nutrient to the plants, acts as a great medium for all the physical, chemical 

and biological process important for the survival of living organisms. It is a very important 

finite natural resource, which cannot be replaced if it is destroyed or lost as a result of 

excessive soil erosion due to anthropogenic activity. 
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7.2 Soil- its formation 

The formation of soil occurs by the process of weathering and one inch of the top layer of 

soil takes around 300 to 1000 years to form. Soil formation occurs only when the conditions 

are favourable with no such human interference like mining, pollution, grazing etc. To 

support the living organism and different life forms, a soil depth of around 7 inches is required 

and the nature takes around 2000 -7000 years to form 7 inches of top soil layer. It is very 

interesting to note that the second inch of the soil takes much more time (years) to form as 

compared to first inch of soil layer. The third inch requires still longer time and so on. This 

clearly state that it is very important to conserve and protect the soil form the careless 

depletion and anthropogenic pressure. Hence, if the 7 inches of soil gets eroded or depleted 

than 2000-7000 years of nature’s efforts goes wasted. There are different components 

present in the soil like cations, anions, salts, minerals and microbes. 

There are various factors that helps in soil formation such as parent rock (composition and 

texture), climatic conditions, living organisms, topography and time. The process of soil 

formation involves weathering of rocks, humification (formation of humus by the 

decomposition of plants and animals), leaching and development of different layers of soil 

i.e. O, A, B, C horizons or layers. Overall, the process of formation of soil is a dynamic and 

complex process that involves several factors and conditions.   

7.3 Soil erosion 

The term "soil erosion" means how soil is moved by water, wind, or human activity. Erosion 

depletes the surface soil, containing all the nutrients needed for maintaining ecological 

equilibrium and for the development and growth of the plant. The problem of soil erosion has 

become a greater concern in recent decades as soil erosion has a deeper effect on 

agricultural productivity and environmental degradation. However, it is a natural 

phenomenon but was exacerbated by human activities for example clearing of forest, 

grazing, unmanaged land use practices and unregulated constructions had particularly 

accelerated the problem of soil erosion. 

Soil erosion can be defined as a process of detachment and transport of soil particles from 

one place to another (Singer and Munns, 1999; and Cutler, 2006). According to reports, the 
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rate at which fertility is lost each year due to erosion is 20 times greater than that caused by 

crop growth. Ten thousand hectares of land are subject to erode every year. In India, 

conservation measures are required for an area of about 145 mha. Other significant soil 

degradation conditions that can hasten the process of soil erosion include soil compaction, 

low organic matter, loss of soil structure, inadequate drainage system, salinization, and soil 

acidification. 

 7.4 Types of soil erosion 

The natural process that causes soil erosion determines the type of erosion that occurs and 

it is sometime also referred to as agents of erosion.  Natural soil erosion can be either (a) a 

slow process (also known as geological erosion) or (b) a rapid process accelerated by 

human activities such as deforestation, floods, tornadoes, and others. Both these rapid and 

slow processes are discussed below: 

A. Geological erosion: Geological erosion is a gradual process occurring from 

millions of years without being noticed. Weathering is the first stage of this soil-

forming process, a physico-chemical process that causes rocks to break down into 

tiny pieces and produce soil particles when wind and water strike them. 

B. Accelerated erosion: It occurs when the protective vegetation cover is lost. This 

could happen as a result of human activity or natural factors like flooding. Cultivating 

land is one of the primary human activities that accelerates soil erosion. Cultivated 

land is more susceptible to natural forces like water and wind. Surface soil is being 

removed by wind and/or water more quickly as a result of human activity. Compared 

to natural geological soil erosion, the rate and magnitude of accelerated soil erosion 

are significantly higher. 

Consequently, soil erosion is typically defined as the phenomenon of accelerated erosion, 

which is frequently referred to as man induced erosion, due to the pronounced influence of 

anthropogenic activities surpassing that of natural determinants on the processes of soil 

erosion. On the basis of physical agents, responsible for soil erosion there are 3 types of 

soil erosion, these are discussed below: 
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1. Water erosion: The process of detachment and transport of the uppermost layer of 

soil by aqueous means, including precipitation such as rainwater and the runoff from 

melted snow, is referred to as water erosion. The degree of soil displacement in this 

context is influenced by a multitude of determinants, which encompass (i) the 

degree of slope (ii) the characteristics of the soil (iii) the nature of land utilization and 

(iv) the volume and intensity of precipitation. Consequently, areas characterized by 

steep gradients, where the terrain is prone to being eroded, are particularly 

vulnerable to water erosion. Additionally, regions where land management practices 

lead to the removal of even the protective vegetative cover are exceedingly at risk 

of experiencing water erosion. There are 6 types of water erosion and among all 3 

types of water erosion are very common i.e. sheet erosion, rill erosion and gully 

erosion.  

A. Splash erosion: In the soil erosion process, it is typically regarded as the initial and 

least severe stage, followed by Sheet erosion, rill erosion, and gully erosion. When 

a raindrop hits the ground, it ejects soil particles into a tiny crater. This process is 

known as splash erosion. On flat terrain, these soil particles can travel up to two feet 

in a vertical direction and five feet in a horizontal direction. Surface runoff happens 

when the soil is saturated or when the rate of rainfall exceeds the pace at which 

water can seep into the soil. Runoff will carry loose soil particles (sediment) down 

the slope if it has enough flow energy. 

B. Sheet erosion: It is also called as wash off erosion or sheet washing. It refers to 

the consistent removal of soil layers along the whole sloping area/segment. Sheet 

erosion is most likely to occur on sites that are not protected. It should be 

emphasized that washing sheets is a slow process that occasionally goes unnoticed 

for a long time.  Gradually and undetectably, sheet erosion transforms into rill 

erosion. The terrain in the sheet erosion-affected area gradually turns from dark to 

light in color. The dark color of the human-charged top soil is the reason it occurs 

that way. When it is removed, the humus-deficient, light-colored subsoil is revealed. 

Alongside this shift in the land's color, its yields and productivity are gradually 

declining. 
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C. Rill erosion: Runoff may have a tendency to cluster in little streams known as 

streamlets if it does not distribute uniformly throughout the sloping ground surface. 

Rill erosion is a type of soil erosion caused by an increase in the volume and velocity 

of water in these streamlets. Rills are tiny, precisely defined trenches created by 

water that are nearly straight. The kind of rapid water erosion that creates tiny 

channels is called rill erosion. As a result, it is easier to see than sheet erosion. 

However, it can also be readily smoothed out with basic tillage and common 

agricultural tools. 

D. Gully erosion: Gully erosion occurs in sloping regions as well, but it is caused by 

concentrated, fast-moving runoff that can erode the ground deeply. Compared to 

rills, gullies are deeper incisions into the ground. Such sloping regions where 

concentrated water continuously cuts grooves for an extended period of time may 

also experience it. It is stated that when rills are ignored and no corrective action is 

done, gullies grow. The kind of soil strata, degree of soil resistance, and underlying 

rock composition all influence the gully slope once the process has started. Tough 

and resilient, heavily textured soils make it more difficult for gullies to form. 

E. Bank erosion: It is the deterioration of a river or stream banks. This is different from 

scour, which is defined as alterations on the watercourse's bed. Highways, bridges, 

and nearby agricultural regions all are harmed by stream bank erosion.  

F. Coastal erosion: This type of erosion occurs along the coastal seashores. It 

occurred due to the action of the sea wave and the inward movement of the sea into 

the land. 

2. Wind erosion: Wind erosion usually occurs in those areas where the problem of 

water erosion is frequent. Wind erosion is soil-blowing and in arid and semi-arid 

regions, strong winds have the potential to raise loose, dry soil particles. This type 

of erosion is particularly important in places where there is little vegetation. An 

estimated 27% of the land on Earth is subject to wind erosion, according to the 

United Nations Environment Programme (UNEP).  

Wind erosion is of two primary types: deflation and abrasion. In deflation wind picks up and 

carries away loose particles and deflation is divided into 3 categories: surface creep, 
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saltation and suspension. Among these three, saltation is majorly responsible for wind 

erosion (50–70%), followed by suspension (30–40%), and then surface creep (5–25%) 

respectively. However, in abrasion the surfaces deteriorate due to impact with wind-

borne particles. 

3. Mass wasting: In mountainous regions, mass wasting is frequently the initial phase 

of the breakdown and movement of weathered materials and is a significant 

component of the erosional process. It transports material from higher elevations to 

lower elevations, where it can be picked up and transported to even lower elevations 

by other eroding forces like glaciers and streams. All slopes experience constant 

mass wasting processes; some act very slowly, while others happen extremely 

abruptly and frequently ultimately with catastrophic outcomes. 

Check your progress 

1. Explain soil and its formation.  

2. What do you understand by the term soil erosion? 

3. Explain different types of soil erosion. 

4. What is the difference between water and wind erosion. 

Answers 

1. See section 7.1 & 7.2 

2. See section 7.3 

3. See section 7.4 

4. See section 7.4 

7.5 Factors of soil erosion 

There are two types of forces or factors that causes erosion i.e. natural and man-made as 

per the study of Dingman, 1994 and Wu et al., 2004. The majority of natural factors are 

precipitation and slope steepness, whereas human contributions include development or 

activities associated with mining, construction, and agriculture. The protecting vegetation 

cover is typically removed by such actions, that speeds up erosion by wind and water. In 

contrast to human-induced influences, natural causes often impact the topmost layer of soil. 
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Both wind and water erosion, significantly contribute to soil depletion. The primary cause of 

soil erosion includes overgrazing of 35%, followed by deforestation of 30% and agricultural 

practices of 28% respectively. According to the Food and Agriculture Organization (FAO), 

several factors like physiographic and climatic factors, soil characteristics and vegetation 

cover are the most significant factors that accelerate the process of soil erosion. There are 

several factors such as Climatic, Lithological, Topographical, Vegetation, Soil and Human 

factors that alter soil and its properties. Some of the most important factors are discussed 

below: 

a. Climatic factors: Climatic factor includes the amount, duration and intensity of 

rainfall. Maximum soil erosion occurs due to heavy rainfall that persists for a 

comparatively longer period of time. other climatic parameters like average 

temperature and temperature range may also have an impact on erosion, 

particularly impacting vegetation and soil qualities. Typically, the regions with higher 

levels of precipitation, wind, or storms are predicted to experience higher rates of 

soil erosion. 

b. Topographic factors: It includes gradient, relief, slope its segment, aspects and 

length profile and all these factors are important for geological type of erosion. The 

erosivity of surface runoff is determined through the topography of the land, that 

also affects the runoff's flow velocity. Compared to shorter, less steep slopes, 

longer, steeper slopes especially those lacking sufficient vegetative cover are more 

vulnerable to extremely high rates of erosion during the periods of intense 

precipitation. 

c. Vegetation factor: It serves as a primary controlling factor in soil erosion due to the 

following reasons: (i) it intercepts rainfall via its canopy, thereby shielding the ground 

surface from the direct impact of raindrops. (ii) It facilitates maximum rainwater 

infiltration as the water reaches the ground surface slowly through the leaves, 

branches, and stems. (iii) It diminishes surface runoff by promoting greater 

infiltration and reduces the velocity of runoff due to the obstructions created by plant 

stems. (iv) It lowers the rate at which soil particles are detached and transported. 

(v) Its root systems enhance soil strength, granulation, and porosity. (vi) It acts as 
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an insulator for soils against extreme temperatures, thus preventing the formation 

of cracks. (vii) It significantly reduces wind speed, thereby preventing wind-induced 

soil erosion.  

Other causal agents of soil erosion include soil erodibility, deforestation, agricultural 

practices like tilling or ploughing, continuous cropping, monoculture and cultivation on 

mountain slopes, economic and developmental activities, overgrazing and climate change. 

7.6 Impact of soil erosion 

The problem of soil erosion causes many adverse effects primarily on the agricultural 

productivity and soil quality. A major proportion of the productive topsoil was eroded or leach 

down due to the rill erosion and water erosion reduces or deteriorate the water quality. Both 

water and wind erosion reduce the productive ecosystems efficiency and causes on-site and 

off-site effects. The effects of soil erosion include removal of top soil, land degradation, 

sedimentation of water bodies, threat to aquatic life, desertification and damage to 

infrastructure. Some of the important impacts are discussed below: 

1. Land degradation: The 2 key factors responsible for land degradation is wind and 

water erosion and about 84% of land is being degraded by these two factors. 

Approximately 75 billion tons of soil are lost to erosion annually, which is 13–40 

times faster than the rate of erosion that occurs naturally. The amount of severely 

degraded agricultural land worldwide is about 40%. 

2. Water pollution: The soil eroded from the agricultural areas contain pesticides, 

heavy metals, and fertilizers that pour into streams and other major waterways. 

Additionally, accumulated sediments can choke waterways and boost water levels, 

which can result in flooding. 

3. Sedimentation of water bodies: High soil sedimentation can be disastrous for 

aquatic life and damages water systems. Fish breeding areas can be suffocated by 

silt, which also diminishes their food source because siltation lowers the biodiversity 

of beneficial water plants and algae. Additionally, sediments can get into the fish's 

gills and hinder its ability to breathe. Since soil particles continue to erode, 
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sedimentation in rivers, lakes, and reservoirs is unavoidable; this lowers water 

quality and destroys aquatic habitats. 

4. Air pollution:  One of the main causes of air pollution is soil particles that are carried 

by the wind and end up as "dust" in the air. When these airborne soil particles settle 

or are inhaled or consumed, they can pose a threat to the environment and public 

health, since they are frequently contaminated with harmful substances like 

pesticides or petroleum hydrocarbons. 

5. Desertification: One of the main causes of desertification is soil erosion. It 

progressively turns livable land into deserts. Deforestation, which exposes the soil 

to erosion, and damaging land use exacerbate the altered landscape. In certain 

places, desertification may result from lower soil fertility levels caused on by 

desertification. For instance, according to a report by the Food and Agriculture 

Organization, desertification is affecting about 33% of the earth's surface. 

Some of the other effects of soil erosion includes reduction in soil capacity and acidity levels, 

hazardous situations like flooding and issues in plant physiology especially in reproductive 

behavior. 

7.7 Soil conservation methods 

Soil conservation signifies that the land resource base must be used logically and 

scientifically permitting restricted damage. It would mean that the lands that are too steep, 

are easily erodible, and are climatically not suitable for intense farming. Rather, these 

resources should be used for another more appropriate purpose. The preventive methods 

for soil erosion includes Afforestation and Reforestation, using cover crops, terrace or no-till 

farming and many others. Biological and Mechanical measures are generally used for soil 

conservation. Biological measure includes all those methods that uses some biological 

component for soil conservation such as: 

A.  Crop rotation- In this process different crops are grown in same piece of land to 

restore soil fertility and to improve soil condition by building organic matter. 

B. Strip cropping- In this practice erosion permitting crops are grown in alternate 

strips with erosion checking close- growing crops. Erosion permitting crops include 
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jowar, bajra, maize and erosion checking crops include grasses and pulses. The 

main aim of strip cropping is to reduce run-off capacity of water and wind to erode 

and deplete the soil.  

C. Stubble mulching- In this method all the stubble or mulch should be left behind in 

the ground so as to protect soil from wind erosion. 

D. Green manuring- Several organic manures improve the structure and composition 

of soil, thus increasing infiltration and soil permeability. It refers to the use of 

underplant material to improve soil quality. Special crops are grown for green 

manuring, such as red clover, sweet clover, alfalfa, etc. and all make excellent green 

manuring crops. 

E. Cover cropping- It is another significant means of protecting the fields from erosion. 

The greatest method to absorb plant nutrients that could otherwise be lost through 

leaching is to cover the fields with seasonal crops. Green manure crops are referred 

to as cover crops. These are crops, like grass, that protect the soil. Considering that 

crops must be periodically grown in the soil. In order to limit the amount of time that 

the soil is left exposed, every effort should be made to utilize as many cover crops 

as possible, such as grass, green manure crops, etc. 

Other preventive measures include making shelterbelts and windbreaks, checking the 

amount of grazing, making check dams and sediment traps in gullies, and by controlling the 

forest fires. Mechanical measures include contour tillage and bunding, terracing, water 

management, management of slope in a scientific manner and increased knowledge. 

Check your progress 

5. Explain different factors that causes soil erosion.  

6. Write the difference between climatic and topographic factor.  

7. What are the impacts of soil erosion. 

8. Explain different soil conservation strategies. 

Answers 

5. See section 7.5 

6. See section 7.5 
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7. See section 7.6 

8. See section 7.7 

Summary  

This unit explains the concept, genesis and components of soil and the primary factor 

responsible for soil erosion. Soil supports the entire terrestrial and aquatic life systems, 

provides water and mineral nutrient to the plants, acts as a great medium for all the physical, 

chemical and biological process important for the survival of living organisms. The formation 

of soil occurs by the process of weathering and one inch of the top layer of soil takes around 

300 to 1000 years to form. Soil formation occurs only when the conditions are favourable 

with no such human interference like mining, pollution, grazing. The term "soil erosion" 

means how soil is moved by water, wind, or human activity. Erosion depletes the surface 

soil, containing all the nutrients needed for maintaining ecological equilibrium and for the 

development and growth of the plant. On the basis of physical agents, responsible for soil 

erosion there are 3 types of soil erosion: Water, wind and mass wasting.  

There are several factors such as Climatic, Lithological, Topographical, Vegetation, Soil and 

Human factors that alter soil and its properties. The effects of soil erosion include removal 

of top soil, land degradation, sedimentation of water bodies, threat to aquatic life, 

desertification and damage to infrastructure. The preventive methods for soil erosion 

includes Afforestation and Reforestation, using cover crops, terrace or no-till farming and 

biological and mechanical measures. 
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Unit 8: Water Erosion  

Unit Structure 

8.0 Learning Objectives 
8.1 Introduction 
8.2 Types of Water Erosion 

8.2.1 Splash Erosion 
8.2.2 Rill Erosion 
8.2.3 Gully erosion 
8.2.5 Streambank erosion 
8.2.6 Wave Erosion 
8.2.7 Pipe or tunnel erosion 
8.2.8 Landslide erosion 
8.2.9 Glacial erosion 

8.3 Factors Influencing Water Erosion 
8.4 Control Measures 
Summary 
 

8.0 Learning Objectives  

After completing this unit, you should be able to: 

• Discuss the concept and importance of water erosion 

• Identify and differentiate the types of water erosion  

• Analyze the factors influencing water erosion  

• Evaluate the environmental and socio-economic impacts  

• Apply soil and water conservation measures 

8.1 Introduction  

When water moves, it can wash away soil. This usually happens when it rains too hard for 

the earth to soak it up. It is one of the worst ways that land may get worse around the world, 

especially in places with steep slopes, little vegetation, or bad land management. Water 

erosion mostly happens on high- and medium-sloping ground, where the force of gravity 

makes surface runoff more erosive. Rainfall can move soil particles when it reaches the 

surface of the soil, especially if there isn't much vegetation to shelter them. This lets water 
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take the particles downhill. The amount of erosion that happens depends on things like how 

often and how long it rains, the kind and structure of the soil, the slope of the land, how the 

land is used, and the amount of vegetation cover. Water erosion that isn't stopped can make 

the soil less fertile, fill up rivers and reservoirs with sediment, take away farmland, and harm 

water quality over time. For long-term management of land and water resources, it is 

important to know how water erosion works, what causes it, and how to stop it. 

Water can cause soil erosion in several ways, depending on how it interacts with the ground 

surface. When raindrops hit the ground, they generate splash erosion, which breaks up and 

scatters soil particles. This often seals the surface and makes it harder for water to get in. 

When it rains, surface runoff scrapes and moves the loose soil, which first causes sheet 

erosion, where thin layers of soil are lost evenly. As runoff gets thicker, it breaks little 

channels that cause rill erosion and if this process is unchecked, these rills enlarge into 

deep, wide channels leading to severe gully erosion. Along the banks of reservoirs, rivers, 

lakes, and coastal areas, the continuous action of water waves erodes shorelines, 

destabilizes slopes, and contributes to land loss. Water movement below the surface can 

also wash away soil, creating underground channels; this process is known as pipe or tunnel 

erosion, which often causes sudden surface collapses. In regions of high altitude, water in 

its solid form as glaciers exerts tremendous erosive force through plucking and abrasion, 

transporting large amounts of debris and frequently triggering landslides. In India, glacial 

erosion is mostly confined to the Himalayan region, where it continues to reshape valleys 

and mountain landscapes. Together, these different processes—splash, sheet, rill, gully, 

wave, pipe, and glacial erosion—represent the major forms of water-induced soil 

degradation. 

8.2 Types of Water Erosion  

Based on the interaction of different forms of water with soil, it is classified as follows:  

• Splash erosion 

• Sheet erosion 

• Rill erosion 

• Gully erosion 

• Streambank  

• Wave erosion 
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• Pipe or tunnel erosion 

• Landslide Erosion 

• Glacial erosion 

8.2.1 Splash Erosion 

Splash erosion, also called raindrop erosion, is the initial stage of water erosion. It occurs 

when raindrops strike bare and unprotected soil with great force. The impact detaches fine 

soil particles, breaking apart soil aggregates, and splashes them in different directions i.e., 

upward, sideways, or downward. The energy of falling raindrops may be sufficient to move 

soil particles a few centimeters, which is usually a short distance, but on sloping lands, these 

particles can be transported further downslope by runoff. Although splash erosion acts 

locally and seems minor, its role is significant. Repeated splashing loosens and redistributes 

soil, weakens soil structure, and contributes to the formation of a thin crust on the surface. 

This, crust reduces infiltration, increases surface runoff, and prepares the round for more 

advanced forms of erosion. 

8.2.2 Sheet erosion 

Sheet erosion refers to the uniform removal of a thin layer of topsoil from a broad area by 

surface runoff. It generally follows splash erosion, in which raindrop impact detaches soil 

particles. As rainwater flows downslope like a thin sheet, it carries these loosened particles 

evenly across the surface without forming noticeable channels. Because the soil is removed 

layer by layer, the land surface often appears unchanged, making sheet erosion difficult to 

recognize in its early stages. Despite being less visible, sheet erosion is highly destructive. 

Over time, it leads to a substantial loss of fertile topsoil, which is the most productive layer 

of the soil profile. Raindrop splash not only detaches particles but also seals soil pores, 

reducing infiltration and increasing surface runoff, thereby accelerating the erosion process.  

This kind of erosion happens in sloppy farmland, overgrazed pastures, and areas that have 

been cut down for wood, especially in places that get a lot of rain or rain for a long time. So, 

sheet erosion is said to be a quiet but serious type of land degradation since it slowly takes 

away soil fertility and lowers crop productivity without leaving visible signs on the surface. 
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8.2.2 Rill Erosion 

Rill erosion occurs in places where water that runs off the surface of the ground collects in 

small channels as it flows down a slope. Rill erosion makes small finger-like channels on the 

soil surface, while sheet erosion takes away material evenly. These rills are usually only a 

few millimeters deep, and regular tillage will often get rid of them or smooth them out. The 

process starts when rainfall and sheet flow hit the ground and break up soil particles. As 

runoff builds up, it gets strong enough to tear through the topsoil, especially on sloping or 

barren terrain. Even though each rill may not seem like much, the total effect across a field 

can lead to a lot of soil erosion and a drop in land productivity. If you don't keep an eye on 

rills, they can get bigger and deeper over time, turning into gullies that are much tougher to 

maintain 

8.2.3 Gully erosion 

Gully erosion is the advanced stage of water erosion that occurs when rills enlarge in length, 

width, and depth due to concentrated runoff. The flowing water cuts deep channels into the 

soil which results in formation of gullies. Such gullies cannot be removed by in normal tillage 

process. This process is most common on steep, unprotected slopes, where sparse 

vegetation, deforestation, or overgrazing expose the soil. Although the total soil loss from 

gullies may be less than that from sheet erosion, their impact is more severe because they 

permanently damage land, exposing subsoil and rendering large areas unfit for cultivation. 

Over time, gullies expand into ravines, e.g. Madhya Pradesh (in Chambal region), also seen 

in parts of Uttar Pradesh, and Rajasthan. If unchecked, gully erosion results in irreversible 

land degradation and causes siltation of rivers and reservoirs downstream. Hence, 

conservation measures such as check dams, bunding, and afforestation are essential for 

control. 

Gully Erosion is of different types based on its shape, size, stage of development and mode 

of formation. Based on shape it takes the V-shaped gullies or U-shaped gullies. Based on 

stage of development, they may be small, medium or large or permanent gullies (ravines) 

whereas based on mode of formation they can be of continuous or discontinuous types.  
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8.2.5 Streambank erosion 

Streambank erosion is the process of wearing away and collapse of the banks of rivers, 

streams, or canals due to the continuous force of flowing water. Strong currents, turbulence, 

and seasonal floods undercut the bank material, loosen soil particles, and transport them 

downstream. This often leads to the widening of river channels, loss of adjoining agricultural 

land, uprooting of vegetation, and damage to infrastructure located near riverbanks. The 

problem is especially severe during the monsoon season, when rivers flow with high velocity, 

as seen in the Ganga–Brahmaputra basin, where thousands of hectares of fertile land are 

lost annually. Apart from land degradation, streambank erosion also increases sediment 

load, leading to siltation of riverbeds and reduced water-carrying capacity. Effective control 

measures include vegetative protection (planting grasses, shrubs, and trees), revetments, 

riprap (stone pitching), gabion structures, and spurs or embankments to reduce the erosive 

power of flowing water. 

8.2.6 Wave Erosion 

Wave erosion is the removal of soil and land material along the shorelines of lakes, 

reservoirs, and seas due to the repeated impact of water waves. Wind, tides, boat 

movement, and fluctuations in water levels generate waves that strike against the banks or 

coastal margins, gradually loosening and carrying away soil particles. Over time, this leads 

to shoreline retreat, loss of fertile land, and weakening of embankments or reservoir margins. 

The problem is particularly significant in large reservoirs and coastal areas, where wave 

action is strong and continuous. Apart from land degradation, wave erosion is a significant 

contributor to sedimentation in water bodies, reducing their storage capacity and thus, 

disturbs aquatic life and ecosystems. Control measures for wave erosion include stone 

pitching (riprap), retaining walls, vegetative barriers (such as mangroves along coasts), and 

the construction of protective embankments to absorb wave energy and stabilize the banks. 

8.2.7 Pipe or tunnel erosion 

Pipe or tunnel erosion occurs when subsurface water flow removes soil beneath the ground 

surface, creating underground channels or tunnels. As water seeps through cracks, pores, 

or weak zones in the soil, it gradually washes away fine particles. Over time, these small 

voids enlarge into pipes or tunnels, weakening the overlying layers. Eventually, the roof of 
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the tunnel may collapse, forming depressions, sinkholes, or gullies on the surface. This type 

of erosion is common in soils with dispersive clay, loess, or loose sandy materials, where 

infiltration is high and protective vegetation is poor. It often goes unnoticed in the early stages 

because the erosion happens below the surface, but it can cause sudden and severe land 

degradation once collapse occurs. 

8.2.8 Landslide erosion 

Landslide erosion, or landslip erosion, is the movement of big chunks of soil, rock, and debris 

down a slope due to gravity. Landslides are quick and catastrophic events that cause a lot 

of damage to land and property. This is different from slow erosion processes like sheet or 

rill erosion. They usually happen on steep slopes when natural or human-made factors make 

the ground less stable. Heavy rain, melting snow, or bad drainage can often saturate the 

soil, which makes it less cohesive and causes slope failure. Earthquakes and vibrations can 

also make slopes less stable. Deforestation, mining, cutting roads, and building without 

planning all make the risk much worse. Landslides leave severe scars on slopes and move 

debris to the base of the hill, changing the landscape forever. Their effects include the loss 

of fertile soil, damage to farms, siltation of rivers and reservoirs, and devastation of roads, 

homes, and other infrastructure, which can often put people's lives in danger. Afforestation, 

controlled land use, building retaining walls, check dams, and gabion structures, as well as 

efficient surface and subsurface drainage to limit soil saturation, are all examples of 

preventive measures. So, landslide erosion is a type of mass movement that needs to be 

carefully managed in hilly and mountainous areas. 

8.2.9 Glacial erosion  

Moving glaciers use ice, debris, and meltwater to obliterate the earth's surface. We refer to 

this as glacial erosion. Gravity causes glaciers to flow slowly down the slope, collecting 

boulders, soil, and sediments that act as tools to grind, polish, and scrape the bedrock below. 

Abrasion and plucking are the two main ways that glaciers degrade the terrain. As the glacier 

moves forward, plucking occurs when ice freezes to rock and draws pieces of it away. 

Abrasion occurs when sandpaper-like rock particles that are embedded in the ground scrape 

against it. Glaciers have carved the land into a variety of shapes over time, including hanging 

valleys and U-shaped valleys. They also carry and release eroded debris, such as till, 
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drumlins, and moraines, when the ice melts. The appearance of mountains and the fertility 

of lowland soils are greatly influenced by glacial erosion. 

The process by which ice, debris, and meltwater from moving glaciers erode the earth's 

surface is known as glacial erosion. The rocks, soil, and sediments that glaciers gather as 

they gently slide downslope due to gravity serve as tools to grind, polish, and scrape the 

bedrock underneath. The two primary mechanisms of glacial erosion are abrasion, in which 

embedded rock fragments wear down the ground like sandpaper, and plucking, in which ice 

freezes onto rock and pulls chunks away as the glacier moves. Glaciers create unique 

landforms like hanging valleys and U-shaped valleys throughout time. When the ice melts, 

they also carry and deposit eroded debris as till, drumlins, and moraines. The fertility of 

lowland soils and the formation of mountainous landscapes are significantly influenced by 

glacial erosion. 

8.3 Factors Influencing Water Erosion 

The rate and magnitude of soil loss are determined by a number of natural and man-made 

elements that are impacted by water erosion. The primary elements are: 

• Rainfall Characteristics: Rainfall duration, intensity, and amount have a direct impact 

on erosion. Rainfall with high intensity has more energy to separate soil particles and 

generates more runoff. 

• Soil Properties: Erosion is influenced by the physical characteristics of soil, including 

permeability, organic content, texture, and structure. While clayey soils resist 

detachment because of their relatively smaller particle size, they can still erode once 

they are disseminated. In contrast, sandy and silty soils are significantly impacted by 

erosion. Organic matter-rich soils are more stable. 

• Slope: Runoff velocity is controlled by the slope's length, steepness, and form. Longer 

and steeper slopes give water more erosive strength and speed, which increases soil 

loss. 

• Vegetative Cover: Crop and plant leftovers promote infiltration, reduce runoff, and 

shield the soil from the force of raindrops. Soils that are bare are more susceptible to 

erosion. 
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• Land Use and Management Practices: While conservation techniques like contour 

farming, terracing, and mulching lessen soil erosion, deforestation, overgrazing, intense 

cultivation, and construction disturb the soil and exacerbate it. 

• Runoff Characteristics: Soil detachment and transport are significantly influenced by 

the amount, speed, and concentration of surface runoff. Compacted soils and 

inadequate infiltration lead to increased erosion and runoff. 

• Climatic Conditions: Soil moisture, vegetation growth, and erosion risk are influenced 

by temperature, wind, and seasonal rainfall patterns. 

• Human Activities: By undermining soil and slopes, a variety of development 

activities—including mining, quarrying, urbanization, infrastructure development, etc.—

increase erosion. 

Even though there are numerous variables, water erosion is often caused by a combination 

of terrain, vegetation, soil, climate, and land-use patterns. The degree of erosion is 

determined by how these variables interact and support one another. 

8.4 Control Measures  

Water erosion can be controlled effectively through a combination of vegetative, 

mechanical/structural, and land management practices, depending on the severity of 

erosion, soil type, slope, and land use. 

1. Vegetative/ Biological Measures: These practices use plants to protect the soil surface, 

reduce raindrop impact, slow runoff, and improve infiltration. These are: 

• Afforestation and Reforestation: Planting trees and grasses on barren slopes to 

bind soil with roots. 

• Cover Crops and Mulching: Maintaining crop residues or growing cover crops to 

protect soil between main crops. 

• Contour Vegetative Barriers: Planting strips of grasses or shrubs along contours 

to act as live barriers. 

• Agroforestry Systems: Integrating trees with crops and pastures to reduce runoff 

and soil loss. 
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• Pasture and Grazing Management: Controlling overgrazing to maintain vegetative 

cover. 

2. Mechanical/ Structural Measures: These are the engineering practices designed to 

reduce slope length, intercept runoff, and provide safe water disposal. Among such 

measures are:  

• Contour Bunding: Small embankments constructed along contours to reduce 

runoff velocity. 

• Terracing: Converting steep slopes into level steps to reduce slope length and 

runoff speed (bench terraces, broad-based terraces). 

• Check Dams and Gully Control Structures: Small masonry, earthen, or gabion 

dams across gullies to trap sediment and reduce erosion. 

• Diversion Channels and Graded Bunds: Directing excess runoff safely away from 

fields. 

• Streambank Protection: Riprap, gabions, vegetative cover, or retaining walls to 

control erosion along rivers. 

• Stone Pitching and Embankments: Along reservoir margins and shorelines to 

resist wave action. 

3. Agronomic/ Land Management Practices: These practices focus on sustainable land 

use and cropping methods. It includes: 

• Contour Farming: Plowing and planting along contour lines to reduce runoff. 

• Strip Cropping: Alternating strips of erosion-prone and erosion-resistant crops. 

• Crop Rotation: Rotation of crops with leguminous plants and cover crops help in 

maintaining soil fertility and soil structure. 

• Conservation Tillage/ Minimum Tillage: Reducing plowing to maintain soil 

structure and organic matter. 

• Proper Land Use Planning: Cultivating only suitable land and leaving steep slopes 

under forest or pasture. 

4. Drainage and Water Management 
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• Surface Drainage helps in providing outlets to safely disposal of excess water 

• Subsurface Drainage to preventing waterlogging and soil saturation that weakens 

slope stability 

• Rainwater Harvesting Structures such as Nala bunds, percolation tanks, and farm 

ponds to store runoff and reduce erosion 

Summary  

Water erosion is one of the most widespread and destructive forms of land degradation, 

occurring when rainfall and surface runoff exceed the soil’s natural capacity to absorb and 

resist the impact of water. It is especially severe in areas with steep slopes, poor vegetation 

cover, fragile soils, and unsustainable land management practices. When raindrops strike 

bare soil surfaces, they dislodge fine particles, which are then carried downslope by runoff 

water. The severity of erosion depends on several factors such as rainfall intensity and 

duration, soil type and structure, slope steepness, vegetative cover, and human activities. 

Over time, unchecked erosion leads to the depletion of fertile topsoil, siltation of rivers and 

reservoirs, reduction in agricultural productivity, and negative impacts on water resources 

and ecosystems. 

Water erosion occurs in several distinct forms, each representing a progressive stage of soil 

removal and landscape alteration. Splash erosion, also called raindrop erosion, is the initial 

stage, where falling raindrops strike bare soil with enough force to detach and scatter 

particles. Though the movement of soil is usually only a few centimeters, splash weakens 

soil aggregates, forms surface crusts, reduces infiltration, and sets the stage for more 

advanced erosion. 

The next stage is sheet erosion, which involves the uniform removal of thin layers of topsoil 

across wide areas by flowing water. It is often difficult to detect visually because the surface 

remains smooth, but its long-term impacts are severe as fertile soil is lost silently. 

Overgrazed fields, deforested areas, and sloping farmlands are particularly prone to this 

“silent” form of erosion. 

As water flow concentrates, it develops into rill erosion, cutting small channels or finger-like 

grooves into the soil surface. Rills are shallow and may be removed by normal cultivation, 

but collectively they transport significant amounts of soil. If left untreated, rills deepen and 
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widen, developing into gully erosion, which is the advanced stage of concentrated runoff. 

Gullies are deep and wide channels that tillage process cannot be repaired it. They expose 

subsoil, permanently damage land, and cause siltation in rivers and reservoirs. Gullies are 

further classified by cross-sectional shape (V-shaped or U-shaped), size (small, medium, or 

large ravines), and formation mode (continuous or discontinuous). In many states of our 

country, severe gully erosion is visible i.e., in Madhya Pradesh (the Chambal ravines), Uttar 

Pradesh, and Rajasthan. 

Beyond rills and gullies, water erosion also occurs along riverbanks and shorelines. 

Streambank erosion takes place along rivers and canals where flowing water undercuts and 

collapses banks, especially during floods. This widens river channels, uproots vegetation, 

damages nearby infrastructure, and increases sediment load. Similarly, wave erosion occurs 

along the shores of lakes, reservoirs, and coastal areas, where repeated wave action 

gradually removes soil and land material. Both processes lead to the loss of fertile land, 

destabilization of banks, and siltation of water bodies. 

In some cases, erosion occurs below the surface. Pipe or tunnel erosion results from 

subsurface water seeping through weak zones in the soil, carrying away fine particles and 

creating underground voids. When these enlarge, they may collapse, forming depressions 

or gullies. It is common in dispersive clays and sandy soils and is difficult to detect until 

damage becomes severe. 

Erosion is also associated with mass movements of soil and rock. Landslide erosion (or 

landslip erosion) is a sudden downslope movement of soil, rock, and debris under gravity. It 

is triggered by factors such as heavy rainfall, snowmelt, poor drainage, earthquakes, 

deforestation, and construction on unstable slopes. Landslides leave deep scars, destroy 

farmland, silt rivers, and damage infrastructure, posing serious threats to life and property. 

Preventive measures include afforestation, drainage improvement, retaining walls, and 

controlled land use. 

In high-altitude regions, erosion is also caused by glaciers. Glacial erosion takes place when 

moving ice masses erode the earth’s surface through plucking (ice freezing onto rocks and 

lifting them) and abrasion (rock fragments embedded in ice grinding the bedrock). Glaciers 

carve distinct landforms such as U-shaped valleys, cirques, and fjords, while also 
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transporting huge amounts of debris. In India, this process is confined to the Himalayas, 

where it continues to reshape mountain landscapes. 

The intensity of water erosion is governed by several interacting factors. Rainfall 

characteristics such as amount, intensity, and its duration determine the severity of erosion 

by water. Soil properties like texture, structure, organic matter, and permeability control its 

susceptibility to detachment. Light sandy and silty soils erode easily, while clayey soils resist 

detachment but erode once dispersed. Soils rich in organic matter have greater resistance. 

Topography, especially slope length and steepness, influences runoff velocity and erosive 

power, while vegetative cover reduces erosion by protecting soil from raindrop impact, 

slowing runoff, and improving infiltration. Land use and management practices are critical—

deforestation, overgrazing, mining, and unplanned construction increase erosion, while 

conservation methods such as contour farming, terracing, bunding, and mulching reduce it. 

Additionally, runoff characteristics, climatic conditions, and human activities strongly shape 

erosion dynamics. 

In essence, water erosion is not the result of a single factor but the combined action of 

climate, soil, slope, vegetation, and land management. Its effects are cumulative, gradually 

reducing land productivity, degrading water bodies, and threatening ecological balance. 

Understanding its processes, causes, and control measures is therefore essential for 

sustainable soil and water resource management, particularly in erosion-prone regions like 

India’s hilly slopes, river valleys, and deforested areas. 
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Unit 9: Hazards in Watershed 

 
Unit Structure 

9.0 Learning Objectives 
9.1 Introduction 
9.2 Floods 

9.2.1 Cause of Watershed Flooding 
9.2.1.1 Natural Cause 
9.2.1.2 Man-made Cause 

9.2.2 Flood’s Impact on Watersheds 
9.2.2.1 Impacts on the Environment 
9.2.2.2 Economic and Social Impacts 
9.2.2.3 Effects on Health and the Community 

9.2.3 Flood Mitigation and Watershed Management 
9.2.3.1 Management of Integrated Watersheds 

9.3 Drought 
9.3.1.1 Natural Factors 

9.3.2 Drought's Impact on Watersheds 
9.3.2.1 Impact on the Environment 
9.3.2.2 Impact on Agriculture and the Economy 
9.3.2.3 Impact on Social and Health 

9.3.3 Watershed Management and Mitigation of Drought 
9.4 Soil erosion and landslides in watersheds 

9.4.1 Causes of Soil Erosion and Landslides 
9.4.1.1 Natural Causes 
9.4.1.2 Caused by Humans 

9.4.2 Impacts of Soil Erosion and Landslides 
9.4.2.1 Impact on the Environment 
9.4.2.2 Social and Economic Effects 

9.4.3 Strategies for Mitigation of Soil Erosion and Landslides 
9.5 Sedimentation 

9.5.1 Cause for Over-Sedimentation 
9.5.2 Effects of Over-Sedimentation 
9.5.3 Strategies for management and mitigation 

Summary 
 

9.0 Learning Objectives 

After going through this unit, you will be able to understand: 

• The cause (man-made as well as natural) of watershed hazards such as flood, 

drought, landslides etc. 

• The effect of watershed hazards. 

• Hazard mitigation and its management. 
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• The role of communities to manage watersheds sustainably and to be resilient 

to hazards. 

9.1 Introduction 

Have you ever wondered where rainfall goes after seeing it flow down your street and 

into a drain? As discussed in unit 1, All of the water, as well as water from towns, 

farms, hills, and woods, ends up in a watershed. A watershed is comparable to a large 

funnel in nature. It channels all of the water from the land into rivers, lakes, and seas, 

whether it comes from streams, rain, or snowmelt. Everything is interconnected by this 

natural system, including people, animals, plants, land, and water. 

However, a watershed may experience issues like any other system. These issues, 

which are referred to as risks, can result from both human activity and natural 

phenomena. 

An unusual or extreme event in the natural or man-made environment that has a 

negative impact on property, human life, or the environment within a watershed is 

referred to as a hazard. Hazards are possible dangers that have the potential to cause 

disasters or have a major harmful effect on the watershed region if they occur. 

An incident or circumstance that has the potential to create a hazard is called a 

hazardous event. The probability of a dangerous event occurring is known as a risk 

(Foster and McDonald, 2000; WHO, 2011).  

The existence of humanity has always included risks and calamities which also termed 

as hazard and disaster. Many instances of these disasters occurring all across the 

world and damaging lives, homes, and livelihoods can be found throughout history. 

Disaster hazards have increased along with the world's population as the number of 

facilities we have created. More than 264 million people were displaced due to natural 

disasters between 2015 and 2024. And there is a huge financial impact. Disasters 

caused by nature are expected to have cost the world $318 billion in 2024 alone, 

showing the significant and continuous financial harm they impact on our economies 

and towns. 

There were 399 disaster events in India in 2023, resulting in 86,473 deaths worldwide; 

notable Indian disasters include earthquakes in Nepal and Turkey that occurred 

outside of India but had a wider regional impact. More than 3,000 people died in India 
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as a result of natural disasters in 2024–2025, the highest number in the previous ten 

years. Over 3,200 people died countrywide in 2024 as a result of six major disaster 

types—including lightning, heavy rains, cold waves, landslides, cyclones, and floods—

with Kerala accounting for almost 550 of those deaths. There have been several fatal 

incidents in the Himalayan region, including floods and cloudbursts in Uttarakhand, a 

tunnel collapse that trapped 41 workers in 2023, and Sikkim GLOF deaths (~179). 

Table 1 shows some disaster events which has created devastating impacts in 

human’s life. 

Table 1: Disaster Events & approximate number of people died in India from 

2000 to 2025 

Disaster Type Estimate Number of Events 
Approximate Total 

Deaths 

Avalanches/Landslides 

More than 4,600 landslide 

incidents in Uttarakhand 

alone since 2015 

More than 316 deaths; 

2021 Uttarakhand flood 

(avalanche + flash flood): 

Approx. 83 deaths 

Floods 

Several major floods in 

regular monsoon (e.g., 2019, 

2020, 2021, 2024) 

2019 floods: Approx. 

1,000 deaths; 2020 

Assam: approx. 123 

deaths; 2020 Kerala: 104 

deaths; 2021 

Maharashtra: Approx. 209 

deaths; 2024 floods: more 

than 1,878 deaths 

Earthquakes 

Many tremors; major quakes 

less frequent in India (e.g., 

2001 Gujarat) 

2001 Gujarat earthquake: 

Approx. 19,737 deaths 

Extreme Temperatures 
Increasing heatwave 

frequency 

Heatwave-related deaths 

(2000–2024): Approx. 

4,620 total 

Droughts/Famine Recurrent droughts (e.g. Exact death counts not 
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2002, 2015); many states 

affected 

reported; correlated with 

increased farmer distress 

and suicides 

Windstorms/cyclones 
Multiple cyclones impacting 

east and west coasts 

Cyclone Amphan (2020): 

Approx. 103 deaths 

Other Natural 

Disasters 

Includes cloudbursts, GLOFs, 

etc. 

2013 Uttarakhand 

Kedarnath cloudburst: 

Approx. 580 deaths; 2023 

Sikkim GLOF: 179 deaths; 

2025 Uttarakhand Dharali 

flash floods: (no record 

reported yet) 

Forest/Scrub Fires 
Increasing incidences (e.g., 

2024 Uttarakhand fires) 

Specific national death toll 

data not reported 

 

9.2 Floods 

A watershed is merely the area of land where all of the precipitation and snowmelt 

runoff runs into a single location, such as a lake, river, or ocean. When water goes 

beyond its natural boundaries and reaches dry ground, it can cause harmful natural 

hazards known as floods. Floods within a watershed are a result of both natural and 

man-made factors. Floods have far-reaching consequences that affect both human 

communities and the environment. 

Figure 1: Flood Plain 

(Source: https://levees.sec.usace.army.mil) 

https://levees.sec.usace.army.mil/
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Based on recent flood statistics and historical records, the following table summarizes 

some of the most significant watershed flood cases in India, including important 

information such as location, year, cause, and effects: 

Year Location / Watershed Cause Impacts (Deaths, Damage) 

1971 
Gomti River, Lucknow, 

Uttar Pradesh 

Monsoon 

Heavy Rainfall 

Flood submerged city areas, 

disrupted services, 13 deaths 

reported in early September 

1979 
Machchhu River, 

Morbi, Gujarat 
Dam Failure 

Dam burst caused massive 

flooding, estimated 1800-2500 

deaths 

1987 Koshi River, Bihar River Overflow 

Severe flooding, 1399 deaths, 

extensive property loss worth 

billions INR 

2013 Uttarakhand 
Cloudburst, 

landslides 

Flash floods and landslides, over 

5700 deaths, widespread 

destruction 

2015 
Gujarat (Saurashtra & 

North Gujarat) 

Heavy 

Monsoon Rains 

Floods caused significant 

casualties and wildlife loss, >140 

deaths 

2015 Chennai, Tamil Nadu 
Urban River 

Flooding 

Flooding of Adyar and Cooum 

rivers, financial loss and human 

casualties 

2016 Assam 
Heavy 

Monsoon Rains 

Floods affected 1.8 million 

people, loss of around 200 wild 

animals 

2018 Kerala 
Extreme 

Monsoon Rain 

Catastrophic floods, over 445 

deaths, large scale displacement 

and damage 

2019 

Multiple states (Kerala, 

MP, Maharashtra, 

Gujarat) 

Heavy Rainfall 
Severe floods across 9 states, 

massive humanitarian crisis 
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2021 Uttarakhand 
Avalanche and 

flash flood 

Flash flood caused at Ronti Peak, 

many casualties and property 

damage 

2022 Assam Heavy Rainfall 
Widespread flooding affecting 

millions 

2023 
North India and 

Himalayan regions 

Heavy Rainfall, 

Landslides 

Significant casualties (50+ 

deaths), extensive damage 

 

• Major river basins including the Ganga-Yamuna (Northern India), Brahmaputra 

(Northeast), Mahanadi, Godavari, Krishna, and Cauvery (Peninsular India) are 

among the regions of India that are prone to flooding. 

• In India, almost 40 million hectares of land are vulnerable to flooding, which 

results in significant economic losses and an average of 1600 fatalities every 

year. 

• As a result of urbanization and drainage congestion, floods are becoming 

more frequent in cities like Delhi, Mumbai, Chennai, and Kolkata.  

9.2.1 Cause of Watershed Flooding 

9.2.1.1 Natural Cause 

Heavy or Frequent Rainfall: The most frequent reason for floods is heavy or frequent 

rainfall. The soil gets saturated and rivers and streams are unable to hold the surplus 

water when a watershed receives an excessive quantity of rain over a short period of 

time (producing flash floods) or a lengthy period of time (causing widespread flooding). 

The main causes of these occurrences include atmospheric rivers, tropical storms, and 

monsoons. 

River Overflow and Topography (The Impact of Land Shape on Flooding): How 

and where floods occur is greatly influenced by the topography, or shape, of the 

ground. Because the geography makes it easier for water to spread when rivers 

overrun their banks—often as a result of severe rainfall or snowmelt from upstream—

low-lying floodplains, or the level areas adjacent to rivers, are inherently more 

vulnerable to flooding. However, the risk is different in mountainous and steep regions. 

Heavy rain causes water to flow swiftly downhill, causing abrupt and severe flash 
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floods. The way water flows and where it can collect during a flood is strongly 

influenced by the land's shape in both regions. 

Quickly melting snow and ice jams: Large amounts of snow and ice can melt quickly 

in cold areas when temperatures suddenly rise. Floods occur when the subsequent 

runoff exceeds rivers' capacity. In a similar vein, big pieces of ice can separate and 

create a dam, which would back up water and cause flooding upstream. 

Flooding around coastal and storm surges: Storm surges, which occur when strong 

winds and low atmospheric pressure force seawater inland during cyclones or 

hurricanes, can cause flooding in coastal watersheds. Low-lying regions along the 

shore are submerged by the massive wall of water created by these coastal storms. 

During tropical cyclones, storm surges are particularly hazardous because the strong 

winds push saltwater inland, causing severe coastal flooding in areas that are already 

at risk. 

9.2.1.2 Man-made Cause 

Changes in the Land Surface and Urbanization: As cities expand, solid materials 

like concrete, asphalt, and buildings replace natural surfaces like soil and plants that 

typically absorb rainfall. More rainwater flows swiftly over these hard surfaces because 

they stop water from penetrating the ground. This causes runoff to increase in volume 

and speed, particularly during periods of intense precipitation. In highly populated 

places, the unexpected surge of water frequently overwhelms urban drainage systems, 

increasing the risk of floods and causing street flooding and waterlogging. In addition to 

changing the way water flows naturally, urbanization raises and accelerates peak flood 

levels, increasing a city's susceptibility to storm damage. 

Loss of Vegetation and Deforestation: Vegetation and forests are essential for 

controlling water flow in a watershed. Because of the way their roots hold the soil in 

place, absorb water, and slow down runoff, trees function as natural sponges. The 

land's capacity to efficiently absorb rainfall is diminished when woods are destroyed or 

cut down. This leads to increased erosion, higher flood peaks, and faster surface 

runoff. The land becomes more unstable without roots to stabilize the soil, increasing 

the chance of landslides, particularly on slopes. In summary, deforestation reduces the 

land's natural ability to withstand heavy rainfall and raises the risk of flooding. 
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Improper Planning for Building and Infrastructure Failure: One of the main causes 

of localized flooding in many urban and semi-urban regions is unplanned development. 

Roads, buildings, and other infrastructure are frequently constructed without taking into 

account natural water channels, which obstructs the rainwater's natural flow. Even mild 

rainfall can cause waterlogging and street flooding if drainage systems are insufficient 

or badly maintained. 

Severe flooding can also result from the failure of vital flood control systems like 

culverts, levees, or dams. A dam break, for example, might abruptly discharge 

enormous amounts of water downstream, frequently with little to no notice, resulting in 

extensive damage and fatalities. These catastrophes serve as a reminder of how 

crucial thorough planning, consistent upkeep, and risk assessment are when 

developing infrastructure inside watersheds. 

River mismanagement, wetland destruction, and drainage changes: Wetlands, 

floodplains, and river channels are examples of natural features that are essential for 

storing and decelerating floodwaters. However, the watershed loses its innate capacity 

to absorb and control surplus water when these places are filled in, drained, or 

destroyed—often to make space for farmland or building. This raises the risk of 

flooding in neighboring areas by causing flood peaks downstream to rise and 

accelerate. 

Furthermore, silt and sediment can accumulate in riverbeds as a result of inadequate 

river management techniques, such as uncontrolled sand mining, deforestation along 

riverbanks, or development near river borders. The river's ability to retain water is 

diminished by this process, which is called siltation. Because of this, rivers can exceed 

their banks even with moderate rainfall, particularly during monsoons or times when 

snowmelt occurs. 

9.2.2 Flood’s Impact on Watersheds 

Beyond merely accumulating water, flooding in a watershed has far-reaching effects. 

These consequences can impact human communities as well as natural ecosystems 

and have an impact on the environment, society, economy, and health. The main 

repercussions are outlined in detail below. 

9.2.2.1 Impacts on the Environment 
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Erosion and sedimentation of soil: Because floodwaters are frequently swift and 

energetic, topsoil and riverbanks are eroded. This moves sediments into rivers, lakes, 

and reservoirs in addition to decreasing soil fertility on land. Sediment buildup can alter 

the morphology of rivers, decrease their ability to hold water, and increase the 

likelihood of floods in the future. 

Loss of Biodiversity and Habitat: Wildlife habitats can be destroyed by floods, 

particularly in wetland and riparian (riverbank) areas. A general reduction in 

biodiversity results from the displacement or mortality of native species caused by 

abrupt changes in water flow and quality, which can also affect many fish, bird, and 

plant species. 

Pollution of Water: Pollutants include sewage, industrial chemicals, agricultural 

pesticides, and landfill garbage are carried by floodwaters as they flow across the land. 

These pollutants frequently wash into lakes and rivers, causing low-quality water that 

endangers aquatic life and poses a health risk to people. 

Invasive Species Introduction: Non-native plants, animals, and diseases can spread 

to new locations through floods. By competing with native species for resources and 

upsetting the natural ecological balance, these species have the potential to become 

invasive. 

9.2.2.2 Economic and Social Impacts 

Deaths and Property Damage: Floods can seriously harm homes, businesses, 

schools, and infrastructure, and they directly endanger human life. Whole villages are 

sometimes uprooted. For instance, heavy floods in North India during the 2025 

monsoon season caused buildings and roads to collapse, forcing thousands of 

households to relocate. 

Damage to Agriculture: Flooding frequently kills livestock, washes away topsoil, and 

destroys standing crops, causing farmers to suffer significant financial losses. This can 

lead to long-term hardship for local people and food insecurity in rural areas. 

Infrastructure Disruption: Roads, bridges, electrical lines, water supply systems, and 

communication networks are examples of critical infrastructure that can sustain 

significant damage or even be destroyed. This causes long-term economic hardship, 

isolates impacted populations, and interferes with emergency response activities. 
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Financial Expenses: A significant financial commitment in relief, reconstruction, and 

rehabilitation is necessary for post-flood recovery. Increased governmental spending, 

job losses, and decreased productivity can all hurt local and national economies. 

9.2.2.3 Effects on Health and the Community 

Disease Transmission: Floodwaters frequently combine with sewage and other 

waste, which can lead to the spread of waterborne illnesses like dysentery, cholera, 

and typhoid. Additionally, standing water serves as a mosquito breeding ground, 

raising the possibility of vector-borne illnesses including dengue and malaria. 

Essential Services Are Disrupted: Particularly in rural or impoverished communities, 

floods can shut off access to sanitary facilities, electricity, clean water, and medical 

treatment. In addition to delaying rescue efforts, this also makes recovery riskier and 

more challenging. 

Effects on the Mind: Flood trauma can have long-lasting psychological impacts, 

particularly for individuals who lose their homes, loved ones, or means of support. 

Post-traumatic stress disorder (PTSD), anxiety, stress, and depression are common 

among survivors. 

More than just an excess of water, floods in watersheds have a cascade of effects that 

affect every aspect of the environment and society. The consequences are frequently 

extensive and protracted, ranging from harmed ecosystems and contaminated water to 

financial losses and public health emergencies. Planning robust and sustainable 

watershed management techniques requires an understanding of these effects. 

9.2.3 Flood Mitigation and Watershed Management  

Strategies to lower flood hazards and efficiently manage water in a watershed are 

referred to as flood mitigation. Those strategies, which can be classified as either 

structural or non-structural interventions, work best when used in an integrated 

watershed approach. 

Structural Measures Non-structural Measures 

These are actual structures used to manage 

or divert water. 

These emphasize policies, planning, 

and natural solutions. 

Reservoirs and dams: control river flow and 

store excess precipitation. 

Planning for Land Use: Don't build in 

locations that are vulnerable to flooding. 
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Embankments that stop rivers from 

overflowing include levees and floodwalls. 

Early Warning Systems: Notify localities 

before floods occur. 

Channels of Diversion: Move floodwater to 

more secure locations. 

Green Infrastructure: Rainwater is 

absorbed via permeable pavement, rain 

gardens, and green roofs. 

Urban Stormwater Systems: Retention 

ponds, culverts, and drains lessen flash 

floods. 

Reforestation and Wetland Restoration: 

Improve water absorption and minimize 

runoff. 

In hilly regions, check dams and trenches 

slow flow and encourage infiltration. Public Awareness: Communities 

become more resilient and prepared 

when they are educated. 

Enhancements to the Channel: Rivers are 

widened and deepened to accommodate 

increased flow. 

 

9.2.3.1 Management of Integrated Watersheds 

Since watersheds are interdependent systems, efficient flood management 

necessitates cooperation throughout the watershed, from the hills upstream to the 

cities downstream. 

Coordination of Upstream and Downstream: Flood risks downstream can be 

impacted by upper watershed activities such as urbanization, deforestation, or 

drainage changes. Thus, regional collaboration is essential. 

Integrating Non-Structural and Structural Methods: Using both kinds of tactics 

yields the best results. For instance: Constructing levees around communities is 

structural. Non-structural: Upstream wetland restoration and zoning code enforcement 

Public Involvement: Better results are guaranteed when local communities are 

involved in watershed management and flood planning. Involving people in the 

decision-making process increases the likelihood that they will support policies and 

contribute to environmental protection. 

Flood Control and Watershed Management in India 

• Program for Integrated Watershed Management (IWMP): This program, which 

was started by the Indian government, encourages reforestation, check dams, 
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and soil and water conservation in rural regions to improve water retention and 

decrease runoff, which helps manage droughts and floods. 

• Projects in the Narmada Basin: Huge reservoirs and dams, such as the Sardar 

Sarovar Dam, help control river flow, lessen flooding, and supply millions of 

people with drinking and irrigation water. 

• Flood Warning Systems in Assam and Bihar: To notify populations in advance 

of floods, both flood-prone states have put in place early warning systems that 

use meteorological predictions and river gauges. 

• Keralan community-led initiatives: In the wake of disastrous floods, local 

people have worked to reforest upstream areas and restore wetlands in an 

effort to naturally lower the risk of flooding. 

Understanding how water flows, how human activity affects the ground, and how to 

strike a balance between development and sustainability are all important aspects of 

flood mitigation and watershed management. We can create communities that are 

safer, stronger, and more sustainable for coming generations by integrating natural 

systems, engineering solutions, and astute design. 

9.3 Drought 

A watershed experiences drought when its water supply falls significantly below 

average for an extended length of time. It is frequently brought on by unusually little 

rainfall, but human activities like deforestation, excessive groundwater use, and 

inadequate land management can make it worse. 

Droughts build gradually, frequently over several months or even years, in contrast to 

floods, which occur quickly. They are more unpredictable yet equally devastating due 

to their gradual start. Whole ecosystems, agriculture, livelihoods, and human health 

are all impacted by drought. 

Watersheds are essential for the distribution and storage of water. Rivers, reservoirs, 

soil moisture, and groundwater all begin to diminish when rainfall is minimal. Droughts 

have more severe and pervasive effects when watersheds are not properly managed. 

9.3.1 Cause of Watershed Drought 
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Droughts are complicated phenomena brought on by both human activity and natural 

causes. Drought has an impact on the storage, movement, and use of water by 

ecosystems and humans in a watershed. It is not just about decreased rain. 

9.3.1.1 Natural Factors 

Unpredictable or Low Rainfall: The most immediate natural cause is long stretches 

of irregular or below-normal rainfall. Water sources cannot be properly recharged by 

early withdrawal, weak or delayed monsoons, or long dry spells. 

Evapotranspiration with High Temperatures: Hot weather causes more water to 

evaporate from reservoirs, rivers, and soil. Additionally, even in the absence of total 

rainfall, plants lose more water through transpiration, creating drier circumstances. 

Changes in the Climate: Global warming alters rainfall patterns and makes droughts 

more frequent and severe. Faster evaporation and less moisture retention might cause 

problems even in places that typically receive rainfall. 

Natural cycles of the climate, such as El Niño and La Niña: Watershed-scale 

droughts can be caused by global climatic phenomena such as El Niño, which can 

reduce rainfall across wide areas. 

9.3.1.2 Causes Induced by Humans 

Land degradation and deforestation: The land's capacity to retain and absorb water 

is diminished when woods are cut down. Watersheds become more vulnerable to 

drought as a result of increased surface runoff and erosion, which also lowers 

groundwater recharge. 

Excessive Water Extraction: Natural resources are depleted by excessive 

groundwater pumping and river diversion for urbanization, industry, or agriculture. 

During dry spells, this makes water shortages worse. 

Agriculture That Is Not Sustainable: Water is wasted when water-intensive crops 

(such as sugarcane or paddy) are grown in arid areas with non-scientific irrigation 

techniques. Vulnerability is increased when conventional drought-resistant crops are 

replaced. 

Loss of Wetlands and Changes in Hydrology: Wetland drainage, damming, and 

urbanization disrupt natural water storage systems. As a result, a watershed becomes 

less robust to drought by losing its capacity to control water flow and retain moisture. 
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9.3.2 Drought's Impact on Watersheds 

A watershed experiencing drought has a profound effect on the environment, 

agriculture, economy, and public health in addition to reducing rainfall. These 

consequences can last long after the drought has ended and frequently accumulate 

over time. 

9.3.2.1 Impact on the Environment 

Decline in Soil Moisture: Lower soil moisture due to less rainfall affects plant growth 

and impacts the entire food chain. 

Decrease in Wildlife Habitats and Vegetation: Due to a shortage of water, trees and 

plants in forests and riparian zones—areas close to rivers—die off. Animals lose food 

and shelter as a result, which lowers biodiversity. 

Drying of Wetlands: Wetlands, which serve as organic water storage and filtering 

systems, become drier. This destroys natural flood control mechanisms and results in 

habitat loss. 

Decline in Water Quality: Reduced water flow promotes salinity, concentrates 

contaminants, and warms the water. Fish and other aquatic creatures suffer as a result 

of these changes. 

Dust storms and wildfires: Wildfires are more likely to occur under dry weather. 

Degradation of the land and dust storms are caused by exposed soil. 

9.3.2.2 Impact on Agriculture and the Economy 

Reduced Yield and Crop Failure: Rain and soil moisture deprivation lower 

agricultural yields. Food prices increase and farmers lose money. 

Losses of Livestock: Animal deaths or distressed sales result from a lack of water 

and fodder. 

Loss of Employment and Income: Jobs in agriculture suffer, which has an impact on 

local economies and rural livelihoods. 

Effect on Navigation and Hydropower: Dams produce less electricity when river flow 

is reduced. Transport by inland water becomes challenging or ceases entirely. 

9.3.2.3 Impact on Social and Health 

Lack of Drinking Water: There is an acute water shortage in many villages and small 

towns, which raises humanitarian issues. 
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Displacement and Migration: People, particularly those from rural areas, may be 

compelled to leave their homes in quest of employment and water. 

Health Hazards: Malnutrition, dehydration, and epidemics of waterborne illnesses like 

cholera and typhoid are all consequences of drought. Respiratory issues are 

exacerbated by dry, dusty air. 

Social Unrest and Psychological Stress: Mental health conditions like anxiety and 

sadness are brought on by prolonged drought. Tension or violence between 

communities might result from competition for limited water resources. 

9.3.3 Watershed Management and Mitigation of Drought 

A watershed's drought management calls for a two-pronged strategy: 

1. Increasing accessibility to water 

2. Limiting the demand for water 

Under the direction of integrated watershed management principles, effective drought 

strategies integrate community involvement, sustainable land use, and water 

conservation. 

1. Increasing Availability of Water 

Rainwater collection: Groundwater is replenished by structures such as rooftop 

harvesting, agricultural ponds, percolation tanks, and check dams. 

Artificial Recharge of Groundwater: Restoring aquifers and preserving river 

baseflows can be achieved by rerouting surface runoff into recharge wells or trenches. 

Vegetation Cover and Afforestation: Restoring grasslands, planting trees, and 

practicing agroforestry all enhance soil infiltration and water retention. 

Restoration of Aquatic and Wetland Ecosystems: As natural water buffers, 

wetlands hold onto water during rainy seasons and gradually release it during dry 

ones. 

Methods for Conserving Soil: Techniques such as cover crops, terracing, mulching, 

and contour bunding decrease runoff and maintain soil moisture. 

2. Limiting water demand 

Crops Resistant to Drought: Resilience is increased and irrigation requirements are 

reduced by promoting local crops with low water demands, such as pulses and millets. 
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Effective Irrigation Methods: Water is directed straight to plant roots using methods 

like sprinkler and drip irrigation, which minimizes waste. 

Reusing and Recycling Water: By reusing treated wastewater for industry and 

agriculture, freshwater resources are less stressed. 

3. Institutional and Policy Measures  

Programs for Watershed Development: In areas vulnerable to drought, government 

programs such as IWMP (Integrated Watershed Management Programme) and 

NWDPRA (National Watershed Development Project for Rainfed Areas) encourage 

community-led planning and the preservation of soil and water. 

Planning and Budgeting for Water: During dry spells, village-level water budgeting 

promotes controlled and fair water use. 

Agricultural Assistance and Crop Insurance: Programs like PMFBY (Pradhan 

Mantri Fasal Beema Yojana) and employment initiatives like MGNREGA (Mahatma 

Gandhi National Rural Employment Guarantee Act) contribute to the preservation of 

rural livelihoods and farmer income. 

4. Technology-Based and Community-Based Measures  

Awareness and Training in the Community: Long-term resilience is increased by 

teaching local populations about drought readiness, water-saving methods, and 

alternative sources of income. 

Early warning systems and weather forecasting: Planning for water consumption, 

sowing, and drought response in real time is made possible by the use of satellite data 

and climate models. 

5. The Approach to Integrated Watershed Management 

Organizing activities throughout the watershed, from farmland downstream to woods 

upstream, is known as holistic planning. 

Nature-Based Solutions: integrating ecological restoration and engineering (e.g., check 

dams + reforestation). 

Community Involvement: Planning for drought mitigation with local stakeholders 

guarantees sustainability and ownership. 
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9.4 Soil Erosion and Landslides in Watersheds 

In watershed areas, soil erosion and landslides are related dangers. Soil erosion is the 

gradual removal of top soil by wind or water, whereas landslides are abrupt, enormous 

slope collapses. Both endanger human settlements, harm ecosystems, and damage 

landscapes. 

Aspects Landslides Soil Erosion 

Nature Abrupt, quick slope movement Slow topsoil removal 

Cause Mostly gravity and slope instability Mostly wind and water 

Impact Area Localized but destructive Widespread and cumulative 

Speed Rapid Slow but continuous 

9.4.1 Causes of Soil Erosion and Landslides 

9.4.1.1 Natural Causes 

Cloudbursts and Heavy Rainfall: Prolonged or intense rain causes slope failure and 

increased soil saturation. 

Earthquakes: In seismically active regions, such as the Himalayas, tremors cause 

slopes to become unstable. 

Watersheds in the Himalayas frequently experience rapid snowmelt, which results in 

abrupt slope saturation. 

9.4.1.2 Caused by Humans 

Deforestation: Slope stability is weakened by the loss of root systems. 

Unplanned Urbanization: Slope equilibrium is upset by construction. 

Slope failure is caused by blasting and excavation in mining and quarrying. 

Unsustainable Farming: Soil loosening is increased by steep-slope farming and 

shifting cropping. 

Changes in Drainage: Ineffective water management causes soil saturation, which 

raises the risk of landslides. 

9.4.2 Impacts of Soil Erosion and Landslides  

9.4.2.1 Impact on the Environment 

• Loss of topsoil lowers agricultural land's fertility and output. 
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• Habitat destruction is the loss or damage of ecosystems and river flows. 

• Sedimentation: When soil joins rivers, it clogs reservoirs, raising the risk of 

flooding. 

9.4.2.2 Social and Economic Effects 

• Deaths and Property Damage: Notable catastrophes include: 

➢ Kedarnath (2013): more than 5,700 fatalities 

➢ The entire village is buried in Malin (2014). 

• Infrastructure Damage: Power lines, roads, and bridges are regularly 

destroyed. 

• Agricultural Loss: Food security is decreased when farmland is buried or 

damaged. 

• Economic Burden: Exorbitant expenses for infrastructure repair, 

rehabilitation, and relief. 

• Trauma and Displacement: When populations are compelled to relocate, 

mental health problems ensue. 

Year Location Causes Impact 

1968 Darjeeling, WB 
Heavy Rain, Steep 

Terrain 

~1,000 deaths, widespread 

infrastructure loss 

2013 
Kedarnath, 

Uttarakhand 

Cloudburst, 

Flooding 

>5,700 deaths, massive 

devastation 

2014 
Malin, 

Maharashtra 

Torrential Rain, 

Deforestation 

151 deaths, entire village 

buried 

2024 
Wayanad, 

Kerala 

Monsoon Rain, 

Slope Instability 

Lives lost, property 

destruction 

 

India's Major Landslide-Prone Areas 

In Indian watersheds, landslides and soil erosion pose a hazard to infrastructure, 

agriculture, and human life. Climate change and uncontrolled land use are contributing 

to their rising frequency, which emphasizes how urgently integrated watershed 

management and disaster preparedness are needed. 
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• Himalayas: Northeastern States, Sikkim, Uttarakhand, and Himachal Pradesh 

• Kerala and Maharashtra are the Western Ghats. 

• Eastern Ghats: Andhra Pradesh and Tamil Nadu 

• Others include the Vindhyan mountains, the Nilgiris, and the plateau areas. 

9.4.3 Strategies for Mitigation of Soil Erosion and Landslides 

Strategy Description 

Retaining Walls & Check Dams 

The purpose of retaining walls and check 

dams is to prevent runoff and retain soil 

on slopes. 

Drainage Control Systems 

With the help of drainage control systems 

surface water can be diverted away from 

slopes that are susceptible to erosion. 

Slope Terracing 
Converts steep slopes into step-like 

surfaces to slow water flow. 

Rock Bolting & Netting Stabilizes loose rock faces and cliffs. 

Strategy Description for Biological and Land Management Approaches 

• Replanting and Afforestation Slope stability is restored, runoff is decreased, 

and soil is anchored by trees. 

• An agricultural forest growing crops alongside trees to boost output and lessen 

erosion. 

• Farming Contours and Bunding slowing runoff by adjusting farming methods to 

the contours of the land. 

• Cover harvesting and mulching keeps moisture in, stops erosion, and 

preserves soil cover. 

Strategy Description 

Land-Use Zoning 
Limit construction in high-risk regions 

(such as steep slopes). 

Disaster Risk Awareness 
Teaching communities about the risks of 

erosion and landslides. 
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Early Warning Systems 
Real-time rainfall and slope monitoring in 

landslide-prone zones. 

Watershed Management Programs 

Government-led programs like IWMP 

(Integrated Watershed Management 

Programme). 

9.5 Sedimentation 

The natural geophysical and ecological process of sedimentation, in which particles of 

soil, silt, and minerals settle out of a fluid, usually water, and accumulate over time, is 

not usually regarded as a major natural hazard in and of itself. Although sedimentation 

is a natural phenomenon that plays significant roles in the formation of river deltas, 

estuaries, and landscapes. Excessive or accelerated sedimentation can result in a 

number of environmental problems. Here is a detailed explanation of how excessive 

sedimentation can present difficulties: 

9.5.1 Cause for Over-Sedimentation 

Erosion: Large volumes of silt can be released into water bodies as a result of 

increased erosion brought on by human activities including mining, construction, 

deforestation, and agriculture.  

Urbanization: As natural landscapes are transformed into impermeable metropolitan 

areas, surface runoff may rise, causing more sediment to enter rivers and lakes.  

Land Use Changes: Increased sedimentation may result from changes in land use, 

such as clearing wetlands or cutting back vegetation. 

Heavy Rainfall: Prolonged or intense rainfall can saturate the soil, increase runoff and 

cause mudflows or landslides. 

Earthquakes: Landslides and debris flows can result from slope instability caused by 

seismic activity. 

Human Activities: Erosion of the soil can be caused by construction, deforestation, 

and inappropriate land use, which raises the possibility of problems associated to 

sediment.  
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9.5.2 Effects of Over-Sedimentation 

Degradation of Water Quality: Sediment introduces contaminants, organic materials, 

and nutrients into bodies of water. The impact of over-sedimentation is declined in 

water quality, decreased oxygen levels, diminished clarity, and detrimental impacts on 

aquatic ecosystems. 

Destruction of Habitat: Basically, silt buildup can suffocate and ruin aquatic plant and 

animal habitats. It impacts on degradation of fish spawning sites, disturbance of 

aquatic ecosystems, and loss of biodiversity. 

Reservoir Sedimentation: Over time, sedimentation in reservoirs lowers their storage 

capacity. It reduced water supply for drinking, farming, and hydroelectric power 

production. 

Damage to Infrastructure: River sedimentation can cause sediment to accumulate in 

navigation channels, which can have an impact on shipping and navigation.  increased 

expenses for dredging, possible harm to infrastructure, and risks to navigation. 

Increased Risk of Flooding: When River channels become less capable due to 

sedimentation, there is a greater chance of flooding during periods of intense 

precipitation. increased danger of flooding, especially in regions with inadequate 

sediment management techniques. 

9.5.3 Strategies for Management and Mitigation 

• Sediment Basins and Ponds: Construction of sediment basins and retention 

ponds to collect and settle out sediment before water enters natural water 

bodies.  

• The strategy of creating and preserving vegetation along riverbanks to 

stabilize soil, lower runoff, and stop excessive sedimentation is known as 

riparian buffering. 

• Practices for Soil Conservation: Encourage sustainable land management 

techniques, like cover crops and contour plowing, to lessen soil erosion. 

Summary 

A watershed hazard is anything that threatens the quality, quantity, or function of a 

watershed. These can be categorized as either natural or man-made. 
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Floods 

Floods are often caused by heavy rainfall, rapid snowmelt, or coastal storm surges. 

Human factors like deforestation, urbanization, and the failure of infrastructure like 

dams or levees can worsen them. The effects include severe erosion, habitat 

destruction, and water contamination. Socially and economically, floods lead to loss of 

life, property damage, and public health crises. 

Droughts 

Droughts are triggered by a prolonged period of abnormally low precipitation. This can 

be due to natural climate patterns like El Niño or climate change. Other contributing 

factors include deforestation and the excessive withdrawal of water for agriculture and 

industry. The effects are devastating: critically low water levels in rivers and lakes, 

increased wildfire risk, and a severe economic impact on agriculture. 

Landslides and Soil Erosion 

These are geomorphic hazards that are often triggered or worsened by water. 

Landslides 

A landslide is the rapid, mass movement of a slope. It's caused by intense rainfall, 

steep slopes, and the removal of vegetation (deforestation). The effects include the 

destruction of infrastructure, habitat loss, and the potential to block rivers, leading to 

catastrophic floods. 

Soil Erosion 

Soil erosion is the gradual wearing away of topsoil by wind or water. The primary 

causes are heavy rainfall and poor agricultural practices that leave the soil exposed. 

This leads to a loss of fertile land and the sedimentation of waterways, which can 

reduce a river's capacity and worsen flooding. 

Sedimentation 

The natural geophysical and ecological process of sedimentation, in which particles of 

soil, silt, and minerals settle out of a fluid, usually water, and accumulate over time. 

Management and Mitigation 

Effective management of these hazards requires a comprehensive approach. 
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For Floods: Strategies include building structural defenses like dams and levees, 

alongside non-structural measures such as early warning systems, restoring wetlands, 

and improving land-use planning to avoid construction in floodplains. 

For Droughts: Management focuses on increasing water supply through rainwater 

harvesting and watershed restoration. It also involves decreasing water demand 

through more efficient agricultural and urban water use. 

For Landslides and Soil Erosion: Mitigation includes reforestation to stabilize slopes 

and using agricultural practices like contour bunding to prevent soil runoff. 

For Sedimentation: Encourage sustainable land management techniques, like cover 

crops and contour plowing, to lessen soil erosion. 

The most effective approach is Integrated Watershed Management, which coordinates 

all these efforts across an entire watershed to build long-term resilience against 

multiple hazards. 
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Check Your Progress 

Long Answer Questions 

1. Explain the difference between a landslide and soil erosion. Discuss the 

primary causes and effects of each, highlighting how they are interconnected 

within a watershed. 

2. Compare and contrast the causes of floods and droughts. How do human 

activities, such as deforestation and urbanization, exacerbate both of these 

hazards? 

3. Describe the various types of soil erosion (splash, sheet, rill, and gully) and 

explain the process by which they occur. What are the long-term effects of soil 

erosion on agricultural land and waterways? 

4. Discuss the role of human activity in increasing the risk of landslides. Provide 

specific examples of how construction, mining, and other land-use practices 

contribute to slope instability. 

5. Explain the concept of Integrated Watershed Management. How can this 

approach be used to mitigate the impacts of multiple hazards like floods, 

droughts, and soil erosion simultaneously? 

Short Answer Questions 

1. What is a watershed hazard? 

2. Name three natural causes of a flood. 

3. How does deforestation contribute to both landslides and soil erosion? 

4. What is sedimentation, and how is it an effect of soil erosion? 

5. What is a landslide, and how does it differ from mass wasting? 
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Unit 10: Forests and Watershed 

 
Unit Structure 

10.0 Learning Objectives 
10.1 Introduction 

10.2 The role of forests in watersheds management 
10.2.1. Canopy interception and water infiltration 
10.2.2. Trees manage storm water 
10.2.3. Pollutant removal and the role of plants in cleaning water (Phyto-remediation) 
10.2.4. Streamside or riparian forest buffers 

10.3 Impact of forest composition on watershed health 
10.4 Forested watersheds 

10.5 Effects of deforestation on watershed health 

Summary 
 

10.0 Learning Objectives 

After going through this unit, you will be able to: 

• Understand the role of forests in watershed management 

• Define the impact of forest composition on watershed health 

• Explain forested watersheds 

• Explain effects of deforestation on watershed health 

10.1 Introduction 

As we change the natural landscape by the construction of building, roads, homes, 

parking lots, and even planting lawns. Due to this we ultimately, directly or indirectly 

affect the health of nearby streams and lakes. When natural areas like forests are 

replaced with hard surfaces that water can't soak into (like pavement, roofs, and 

driveways), rainwater can't be absorbed by the ground. Instead, it flows quickly over 

these surfaces and heads straight to streams. This fast-moving storm water runoff 

picks up pollution along the way like oil, trash, and chemicals and carries it into the 

water. Because of all these changes, more water gets to the streams faster than it 

naturally would. This causes bigger, faster flows that can lead to flooding, stream bank 

erosion, and the destruction of habitats for fish and other wildlife. It also means dirt and 
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pollution build up in streams, lowering water quality. Forests are super important for 

managing water in an area. They control the amount of water needed, keep it clean, 

and make sure it flows steadily. Forests soak up rain, refill underground water, and 

check floods and soil from washing away. Healthy forests increase the purity of water 

by filtering out dirt and harmful stuff.  

Water shortages, in particular, are a serious problem that threatens food security and 

efforts to reduce poverty. This means we need smart strategies and strong policies to 

manage water effectively. To use land in a way that’s good for the long term, we need 

better ways of managing land, water, and plants ideally all together in a well-planned, 

coordinated way. A popular and effective method for this is called watershed 

management. It brings together local communities and other key players to work on 

managing natural resources more responsibly. Watershed management combines 

knowledge from different fields like farming, forests, water science, soil science, and 

climate to help us make smart choices that balance both environmental and social 

needs. 

To protect our water sources and improve the health of watersheds, managing forests 

in a sustainable way plays a key role especially in hilly and upland areas. Forests in 

these regions help provide clean water for people, farming, industry, and the 

environment in areas further downstream. When forests are well managed, they help 

produce better quality water in a watershed and reduce the risk of floods after heavy 

rain. They also help prevent soil erosion, which means less mud and sediment ending 

up in rivers and streams downstream. This clearly indicates the connection between 

forest management and watershed development. What happens in the forests 

upstream directly affects the water supply and land use downstream. 

These upstream-downstream relationships are a big focus in watershed management. 

A good watershed management approach considers not only technical solutions, but 

also the environmental, social, and economic factors involved. While the exact role of 

forests in water conservation is still debated, watershed management offers a clear 

way to understand and improve how forests support both upland and lowland areas. 

This kind of management helps turn that understanding into better planning and action 

whether in forestry, farming, or water management. Forests are seen as a vital part of 
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improving watershed health and, in turn, water supplies. To better define what makes 

watershed management effective, the FAO (Food and Agriculture Organization) began 

a project in 2002 to review different strategies and develop clear guidelines for future 

programs. They also launched a new project under their Forestry Department called 

“Forests and Water,” aimed at promoting the important role forests play in protecting 

and using water resources sustainably. 

10.2 The role of forests in watersheds management 

Forests play a vital role in managing watersheds. They work like natural sponges by 

soaking up rain, slowing down water flow, and helping prevent both erosion and 

flooding. As water moves through forest soils, trees and plants filter out pollutants, 

improving water quality in a watershed. Forests also help recharge groundwater, 

keeping water supplies steady and clean for both people and nature (Creed et al., 

2015; Chang et al., 2018). Forests provide many important benefits, especially when it 

comes to water and climate. While we still have a lot to learn about exactly how forest 

management affects things like rainfall and water flow, it’s widely agreed that forests 

play a key role in supporting healthy water systems. Water from a watershed can differ 

in quality (like how many minerals, pesticides, or soil particles it contains), in quantity 

(how much water flows through it each year), and in how steady or seasonal the flow is 

(such as during floods or dry periods). 

Watershed management takes a comprehensive approach to protect and restore the 

entire water system within a specific area. It looks at how everything is connected both 

upstream and downstream, including forests, rivers, wetlands and human activities.  

However, both forest hydrology and watershed management face serious challenges 

today. Issues like deforestation, land degradation, urban growth, and climate change 

are putting major pressure on water resources. For example, deforestation disrupts the 

water cycle, causing more runoff, more erosion, and less groundwater recharge. Urban 

development makes things worse by adding paved surfaces that don’t absorb water, 

and polluting streams and rivers with storm water runoff (Chang, 2023). 

Planting trees and keeping forest cover in place is one of the most common ways to 

protect watersheds. On the flip side, when forests are cut down, people often blame 
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deforestation for causing floods or problems with water quality and flow further 

downstream. Many of us have grown up hearing certain beliefs about forests and 

water, such as: 

• “Forests increase water availability” 

• “Forests help regulate water flow” 

• “Forests prevent erosion” 

• “Forests reduce flooding” 

Trees and forests play an incredible role in reducing storm water in several ways and 

removing or filtering pollutants that would otherwise wind up in our waterways. The 

major roles of forests in watersheds are given below: 

10.2.1. Canopy interception and water infiltration 

Forests play an urgent role in managing water movement through the environment. 

One major way they do this is through their canopy as the leafy cover formed by trees, 

which slows down rainfall before it hits the ground. This gives water more time to soak 

into the soil rather than rushing off and causing flooding. The forest floor acts like a 

giant sponge, often absorbing up to 18 inches of rain, depending on the type of soil. 

This slow release helps refill underground water sources and keeps streams flowing 

steadily. Forests absorb more water and have looser, healthier soils than croplands or 

grazed pastures. On average, forest canopies intercept 10% to 40% of rainfall, 

depending on the tree species, time of year, and how hard it rains. Even in cities, 

individual trees make a real difference: 

• A single deciduous tree (like a maple) can intercept 500–760 gallons of rain 

per year. 

• A mature evergreen tree can intercept over 4,000 gallons per year. 

Importantly, planting large trees over hard surfaces like streets or parking lots can have 

an even greater effect because they help prevent sudden surges of water during 

storms, reducing the risk of flooding in urban areas. 
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10.2.2. Trees manage storm water 

Trees and forests play a big role in soaking up and using storm water as part of their 

growth. For example, a single mature oak tree can release (or transpire) over 40,000 

gallons of water into the air each year. Evapotranspiration is a process where water 

moves from the soil, through the tree, and then evaporates from the leaves. This not 

only helps manage water, but also cools the surrounding area during hot summer 

months. However, when forests are cut down or removed, this evaporation drops and 

stream flow increases. So, clearing forests can significantly change how much water 

flows through a watershed. 

10.2.3. Pollutant removal and the role of plants in cleaning water (Phyto-

remediation) 

Phyto-remediation using trees also known as dendroremediation, it is the natural ability 

of trees to absorb, accumulate, and break down pollutants in contaminated soil and 

water. This method offers a sustainable cost-effective and visually appealing 

alternative to conventional remediation techniques. Trees utilize mechanisms such as 

phytoextraction, where contaminants are taken up and stored in plant tissues, and 

phytostabilization, where pollutants are immobilized in the soil to prevent further 

spread. Species like poplars and willows are particularly effective due to their fast 

growth and extensive root systems, making them ideal candidates for environmental 

cleanup efforts. Plants especially trees and shrubs are highly effective at removing 

harmful substances like excess nutrients (nitrates and phosphates) and pollutants 

(such as heavy metals, pesticides, oils, and solvents) from soil and water. They either 

use these nutrients for growth or store contaminants in their wood. 

One study showed that a single sugar maple tree growing by a roadside could absorb 

60 mg of cadmium, 140 mg of chromium, 820 mg of nickel, and 5,200 mg of lead in 

just one growing season. In Maryland, research found that forest buffers along 

farmland could reduce nitrate levels by up to 88% and phosphorus by 76% after runoff 

passed through. However, planting trees in parking lots, especially in areas designed 

to catch and absorb rainwater (bioretention areas), can help significantly. These trees 

improve water quality, reduce flooding, and protect nearby streams and rivers from 

further harm (PSU, 2008). 
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10.2.4. Streamside or riparian forest buffers 

Planting and maintaining trees and shrubs along stream banks known as riparian 

forest buffers provides many important benefits. These buffers: 

• Filter out sediment during storms 

• Remove excess nutrients like nitrogen and phosphorus from nearby farmland 

or development 

• Stabilize stream banks with strong tree root systems 

• Provide shade, helping to cool water temperatures, which is vital for aquatic 

life and reducing pollution 

• Create habitat for fish, insects, birds, and other wildlife 

• Slow down stream flow, helping prevent erosion and flooding downstream 

Self-assessment 

1. What is a major consequence of replacing natural landscapes with hard surfaces 

like pavement and roofs? 

A. Increased agricultural yield 

B. Improved underground water recharge 

C. Faster stormwater runoff carrying pollutants 

D. Decreased erosion in stream banks 

2. What is the primary purpose of watershed management? 

A. To integrate land, water, and plant management sustainably  

B. To develop large-scale water treatment plants 

C. To promote rapid urbanization 

D. To restrict the use of natural resources by communities 

3. How do forests help reduce the risk of flooding? 

A. By increasing concrete surfaces 

B. By allowing water to remain on leaves permanently 

C. By raising water tables in urban areas  

D. By intercepting rainfall and improving soil infiltration 

4. What does the term phyto-remediation refer to in the context of forest ecosystems? 
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A. The evaporation of water from tree leaves 

B. The natural absorption and breakdown of pollutants by trees 

C. The increase of runoff due to deforestation 

D. The cooling of cities by tree shade 

5. Why is forest management especially important in hilly and upland areas? 

A. These areas are naturally flood-prone 

B. They are better suited for urban development 

C. Forests here help regulate water for downstream areas 

D. Uplands do not experience soil erosion 

Answers: 1-C; 2-A; 3-D; 4-B, 5-C. 

10.3 Impact of forest composition on watershed health 

The composition of a forest plays a crucial role in determining watershed health by 

influencing both water quantity and quality. Through processes like canopy 

interception, evapotranspiration, and soil infiltration, diverse and densely vegetated 

forests with deep-rooted species function as natural sponges and filters. They help 

regulate streamflow, reduce surface runoff, control soil erosion, and recharge 

groundwater, ultimately producing high-quality water. 

On the other hand, deforestation or the dominance of fast-growing, shallow-rooted 

species can disrupt these functions. Such changes may lead to reduced water 

availability, increased sedimentation, nutrient loading, and greater vulnerability to 

floods and droughts. Forest health has a direct impact on water quality. For example, 

when forests are hit by insect outbreaks or diseases that kill trees, it doesn’t just 

damage the forest even it also affects soil processes and water quality. 

The type of trees in a forest such as how many are coniferous vs. deciduous along with 

specific local features, can influence the composition of water flowing through the area. 

A study using satellite data from four lake catchments found that changes in forest 

health and makeup were more clearly reflected in the water's quality and quantity than 

in standard weather or climate data. Another study in Southeast Brazil looked at 

tropical agriculture watersheds and found that water quality was best in areas with 
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more forest cover. Areas with more housing and farming showed signs of water 

pollution. This suggests that tropical vegetation helps protect water quality and reduces 

the harmful effects of human activities on ecosystems. 

10.4 Forested watersheds 

Forests serve as highly effective watersheds, primarily because their soils typically 

have a high infiltration capacity, meaning they can absorb large volumes of water 

quickly. As a result, rainfall or melting snow in forested areas generates minimal 

surface runoff, reducing the risk of erosion (the detachment and movement of soil) and 

sedimentation (the settling of soil particles). Water clarity is affected by suspended 

sediments, a condition known as turbidity. Turbid water appears cloudy, but in stable 

forest ecosystems, stream water generally exhibits very low turbidity. Trees play a key 

role in enhancing the infiltration capacity of forest soils. As tree roots extract water from 

soil pores, they create space for additional water storage. Moreover, forest soils are 

rich in pore space due to the accumulation of organic matter from decaying plant 

material. This organic matter promotes the formation of soil aggregates, small clusters 

of soil particles that stick together are creating large, interconnected pores. These 

pores allow water to quickly seep into the soil when it reaches the surface. 

The activities of microorganisms, insects, small animals, and growing tree roots further 

support soil aggregation by mixing and moving soil, encouraging soil particles to clump 

together and form additional large pores. This enhances the soil's ability to absorb and 

drain water efficiently. Additionally, the litter layer on the forest floor composed of 

leaves and decomposing wood that supports healthy populations of soil organisms. By 

insulating the soil from environmental extremes, this layer provides a more stable and 

less hostile habitat for these organisms. Even during winter, forest soils often retain a 

high infiltration capacity, despite being frozen. This is because a solid, impermeable 

layer of ice and soil known as concrete frost that rarely develops in forest 

environments. The litter layer on the forest floor acts as insulation, protecting the soil 

from extreme cold. Additionally, forest soils, which are rich in organic matter and have 

a loose, porous structure, tend to develop frost in a more open, granular, or 

honeycomb-like form. This type of frost allows water to continue percolating through 

the soil. Forest vegetation also helps preserve the soil’s ability to absorb water. On 
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bare ground, raindrops can strike the surface with enough force to break apart soil 

aggregates. The resulting loose soil particles can then clog pores, reducing infiltration 

and increasing surface runoff, which raises the risk of erosion. In contrast, forests offer 

multiple layers of protection: rain is intercepted by the canopy, by shrubs and small 

trees in the understory, and by the organic litter layer on the ground. These layers 

reduce the impact of falling raindrops, helping keep soil pores open and maintaining 

effective water absorption. Overall, this indicates that how forests are managed and 

how landscapes change has a major influence on watershed health, water quality, and 

overall ecosystem stability. 

10.5 Effects of deforestation on watershed health 

Timber harvesting, particularly clear cutting (the removal of all trees in an area), 

impacts both the quantity and quality of water in forest ecosystems. When trees are 

removed, more water reaches streams because there are no leaves to intercept rainfall 

or snow and roots no longer draw water from the soil. To lessen these effects, areas 

selected for clear cutting should have a thick layer of organic material on the ground to 

help absorb and filter water. 

Converting tropical rainforests (TRFs) to agricultural land significantly deteriorates 

water quality by accelerating eutrophication and affecting both human and livestock 

populations. TRF conversion increases the mineralization of soil organic carbon, 

disrupts the carbon and nutrient cycles, and alters soil processes critical to water 

quality. A case study in southwestern Nigeria assessed how TRF conversion affects 

soil and water quality using data from a large watershed management project. The 

research aimed to understand how forest loss changes soil properties, crop growth, 

and microclimate, all of which have downstream effects on water quality. 

In Costa Rica, which receives over 3.1 million tourists annually and is striving for 

carbon-neutral energy, the ecological balance is threatened despite conservation 

efforts. A field-based study across nine national parks and conservation areas 

evaluated watershed quality using eight parameters. While most sites showed good 

water quality and low contamination, a few exhibited elevated nitrate, phosphate, 

turbidity, and fecal coliform levels. Management challenges arise due to differences in 



WATERSHED MANAGEMENT FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY Page 149 

forest types and visitor activities, particularly in the lowland and central mountain 

regions. 

In Sri Lanka’s Samanalawewa watershed, another study focused on the link between 

forest condition, soil erosion, and water quality. Using models like InVEST, SDR, and 

Carbon, researchers found an annual soil erosion average of 139.9 t/ha/yr, with values 

ranging up to 3555.7 t/ha/yr. Despite high erosion rates, there was no strong 

correlation between erosion and water quality possibly due to the mitigating influence 

of healthy forest cover (Sumalatha et al., 2024). 

In developing nations, soil erosion driven by agricultural expansion remains a major 

concern. A study in Ethiopia's Upper Anger watershed, using geographic tools and the 

RUSLE model, found that vegetation loss in elevated areas led to a 99.8% increase in 

mean annual soil loss. To combat this, researchers recommend reforestation, 

agroforestry, area closures, and community-based watershed management 

(Sumalatha et al., 2024). 

Finally, illegal deforestation is degrading aquatic ecosystems. A study found that cattle 

ranching-related deforestation altered stream habitats, leading to reduced 

macroinvertebrate richness, shrimp abundance, and noticeable changes in the 

composition of fish and invertebrate communities, especially in areas affected over 

longer periods. 

Summary 

The transformation of natural landscapes through construction and urban development 

significantly impacts the health of nearby streams and lakes. Replacing forests with 

impervious surfaces like roads and buildings increases stormwater runoff, leading to 

faster water flows that carry pollutants into water bodies. This results in stream bank 

erosion, flooding, habitat loss, and reduced water quality. Forests play a crucial role in 

regulating the water cycle by absorbing rain, filtering pollutants, and replenishing 

groundwater. Healthy forests help mitigate water shortages, support agriculture, and 

promote sustainable development, making integrated watershed management 

essential. 
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Watershed management is a strategy that combines forestry, agriculture, water 

science, and community involvement to manage natural resources sustainably. It 

emphasizes upstream-downstream relationships, highlighting how forest health in 

upper catchments directly affects downstream water supply and land use. The FAO’s 

“Forests and Water” initiative reinforces this approach by promoting guidelines for 

sustainable watershed and forest management. 

Forests function like natural sponges within watersheds. They intercept rainfall through 

their canopy, allowing water to infiltrate the soil rather than running off. Forest soils, 

rich in organic matter and pore space, allow rainwater to seep in, reducing runoff, 

erosion, and sedimentation. Even individual urban trees can intercept thousands of 

gallons of rain annually. Additionally, forests use evapotranspiration to release water 

back into the atmosphere, helping regulate water availability and temperature. 

Forests also act as natural filters through processes like phyto-remediation, where 

trees absorb or neutralize pollutants such as heavy metals and pesticides. Certain 

species like willows and poplars are especially effective at cleaning soil and water. 

Riparian forest buffers trees planted along stream banks further enhance water quality 

by filtering nutrients, stabilizing banks, shading streams, and creating habitats for 

wildlife. 

The composition of forests—including species diversity and root depth—directly 

impacts watershed health. Deforestation or the dominance of shallow-rooted species 

can lead to increased runoff, sedimentation, and decreased water quality. Remote 

sensing and modeling tools confirm that forest health affects water quality more 

significantly than climate variables in some areas. 

Deforestation, particularly through clear-cutting or converting tropical rainforests to 

farmland, severely disrupts watershed functions. It leads to increased runoff, soil 

erosion, nutrient loss, and water pollution. Case studies show how tourism, agriculture, 

and illegal deforestation in countries like Costa Rica and Sri Lanka degrade watershed 

quality and threaten biodiversity. Soil erosion caused by agricultural expansion in 

Ethiopia demonstrates the urgent need for reforestation, agroforestry, and community-

based conservation. 
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In conclusion, forests are fundamental to maintaining healthy watersheds. They absorb 

rainfall, regulate flow, filter pollutants, and reduce the risks of flooding and erosion. 

Sustainable forest management, combined with integrated watershed approaches, is 

essential for preserving water quality, ensuring ecosystem resilience, and supporting 

both human and environmental well-being. Coordinated efforts by communities, 

policymakers, and scientists are vital to protect forested watersheds from ongoing 

threats posed by urbanization, land degradation, and climate change. 

Terminal questions 

1. Describe the role of forests in watersheds management? 

2. Explain briefly the Impact of forest composition on watershed health? 

3. Write down briefly about the effects of deforestation on watershed health? 

4. Write short notes on the following: 

i. Phyto-remediation 

ii. Forested watersheds 
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Unit 11: Peoples & Watershed 

 
Unit Structure 

11.0 Learning Objectives 
11.1 Introduction 
11.2 Techniques for Participation: RRA and PRA 

11.2.1 Participatory Rural Appraisal (PRA) emerged 
11.3 The Significance of Community Involvement 

11.3.1 Forms of Participation (Pretty, 1988) 
11.4 Fundamentals and guiding principles of participatory rural appraisal (PRA) 

11.4.1 Fundamentals of PRA 
11.4.2 Principles of PRA 

11.5 Fundamental Values and Assumptions 
11.5.1 PRA Assumptions 
11.5.2 Basic PRA Approaches 

11.6 Watershed Management: Connecting People and Policymakers 
11.6.1 Tips for Watershed Management PRA Practitioners 
11.6.2 Common Myths about Participatory Rural Appraisal (PRA) Methods and Their 
reality 
11.6.3 PRA's Principal Advantages for Watershed Management 

11.7 PRA Tools & Techniques 
Summary 
 

11.0 Learning Objectives 

After going through this unit, you will be able to: 

• Participatory Rural Appraisal (PRA) and Community Involvement 

• Core Principles and Key Concepts of PRA 

• Bridging the Gap Between Communities and Policymakers 

11.1 Introduction 

Rural communities have a close and essential relationship with important natural 

resources, such as land, water, forests, and minerals, particularly in watershed areas. 

The management of these resources has a significant impact on the development and 

well-being of these communities. For this reason, the foundation of any successful 

watershed development and management program is community knowledge and 

engagement.  
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11.2 Techniques for Participation: RRA and PRA  

Rapid Rural Appraisal (RRA) and Participatory Rural Appraisal (PRA) are two well-

known participatory learning and action methodologies that have been applied 

extensively. Although their approaches and degrees of involvement vary greatly, both 

seek to empower locals and bring their expertise and priorities to light. 

11.2.1 Participatory Rural Appraisal (PRA) emerged  

PRA was created to address these issues in the late 1980s. Local villagers play a 

central role in PRA and take charge of the entire process; they become analyzers, 

facilitators, catalysts, and learners. Villagers themselves use their own information, 

knowledge, attitudes, and abilities to map, diagram, view, analyze, and prioritize 

needs. In addition to facilitating genuine information exchange, this innovative 

involvement dispels myths about rural communities and highlights their inventiveness 

and leadership potential. Development is more responsive, long-lasting, and grounded 

in actual community goals when PRA is used. 

11.3 The Significance of Community Involvement  

Watershed management requires genuine engagement for a number of reasons. 

• It guarantees that community needs and priorities—rather than outside 

agendas—are addressed in development efforts.  

• Project outcomes that are more sustainable are the result of community 

agency and ownership.  

In addition to being beneficiaries, villagers, farmers, and regular people are also 

effective implementers and advocates. 

11.3.1 Forms of Participation (Pretty, 1988) 

Participation can take many forms in watershed projects: 

1. Passive Participation: Villagers are present or aware but play no active role. 

2. Participation to Supply Information: Locals provide answers in surveys or 

interviews but don’t make decisions. 

3. Consultative Participation: Communities offer views and advice; decisions 

may be adjusted accordingly. 
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4. Material Incentive Participation: Participation is motivated by direct benefits 

like food or wages. 

5. Functional Participation: Locals organize into groups to achieve specific 

project objectives. 

6. Interactional Participation: People engage in a direct dialogue and 

cooperation with implementers. 

7. Self-Mobilization Participation: Communities initiate independent actions 

and solutions for their own development. 

There has been a clear evolution from RRA—where outsiders collect community 

data—to PRA, where communities control the assessment and planning process 

themselves. This shift places local people at the heart of watershed management, 

ensuring intervention is both effective and truly sustainable, harnessing the collective 

wisdom and active engagement of the community.  

11.4 Fundamentals and guiding principles of participatory rural 

appraisal (PRA)  

The innovative method known as Participatory Rural Appraisal (PRA) turns the 

traditional approach to learning by acknowledging and utilizing the local expertise, 

experience, and knowledge of communities. It is a flexible, informal approach created 

to comprehend and assess rural residents' living conditions, particularly in relation to 

development initiatives like watershed management. 

11.4.1 Fundamentals of PRA 

• Reversal of Learning: PRA promotes outside facilitators to gain knowledge 

directly from local populations, including their technical, social, psychological, 

and physical expertise, rather than having professionals impose their 

knowledge. 

• Informal and Interactive Learning: To obtain information and promote 

involvement, PRA use informal techniques like conversations, maps, and 

visual aids.  
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• Building Trust and Rapport: PRA seeks to establish a relationship of trust 

between villagers and facilitators, which promotes cooperation and open 

communication. 

• Problem Identification and Prioritization by Communities: The foundation 

for planning and action is the community's own identification and ranking of its 

opportunities and issues. 

• Progressive Learning and Patient Listening: Facilitators actively participate 

in an ongoing learning process with the community while paying close 

attention. 

11.4.2 Principles of PRA  

• Sharing: PRA encourages partners (stakeholders) and facilitators (such project 

personnel or policymakers) to exchange ideas, knowledge, and experiences in 

both directions. 

• Villagers as Active Participants: Villagers lead the investigation, analysis, 

presentation, and decision-making processes instead of serving as passive 

informants.  

• Self-Critical Awareness: Throughout the process, facilitators keep an eye on 

their own prejudices and actions.  

• Instead of depending solely on strict regulations or authority, facilitators accept 

personal responsibility for their activities.  

• To maximize diversity, PRA promotes investigating a range of viewpoints, 

paradoxes, and abnormalities in order to develop a deeper comprehension.  

• To ensure accuracy and comprehensiveness, information is cross-checked 

using a variety of techniques, sources, and perspectives. 

11.5 Fundamental Values and Assumptions  

• Local community involvement is both feasible and essential for successful 

development. 

• As initiatives move forward, active participation can deepen and grow.  

• Locals possess valuable knowledge that formal systems frequently overlook. 
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• Multidisciplinary, adaptable, and informal methods improve participation and 

insights.  

• Examining problems from several perspectives results in a comprehensive 

understanding.  

• Sustainable growth requires an examination of social, environmental, and 

institutional elements that goes beyond simple statistics.  

In addition to giving planners and facilitators rich, context-specific knowledge that 

improves project relevance, effectiveness, and sustainability, PRA empowers 

communities to take control of their development by elevating local voices, fostering 

collaboration, and combining informal yet systematic inquiry. 

11.5.1 PRA Assumptions 

• Involving local communities in watershed development is both feasible and 

necessary. 

• Over time, community members' active participation can be gradually 

increased.  

• It is possible and priceless to learn from the experiences and wisdom of locals. 

• As projects progress, informal methods and open talks prove to be more 

productive than formal approaches.  

• Project execution is made easier and more effective by interdisciplinary teams.  

• To properly comprehend developmental concerns, a variety of viewpoints and 

approaches should be used.  

• Deeper insights can be gained by investigating local conditions and systems 

rather than depending only on numerical data. 

11.5.2 Basic PRA Approaches 

1. Respect for Community: PRA incorporates local people's viewpoints into the 

process while honoring their attitudes, behaviors, skills, and indigenous 

knowledge. 

2. Trust in Community Capability: Facilitators have faith in the community's 

capacity to research, organize, and carry out solutions. 
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3. Learning from Communities: The method acknowledges the wealth of local 

knowledge that may influence and direct growth. 

4. Empowerment and Facilitation: Facilitators encourage locals to take the 

lead in research and decision-making by acting as enablers. 

5. Ownership and Incentives: By giving communities control over the results, 

active participation is encouraged. 

6. Mutual Sharing: Ongoing information and fieldwork sharing between 

communities and facilitators promotes collaborative learning and well-informed 

decision-making. 

Through encouraging candid dialogue, teamwork, and self-determination, PRA turns 

rural residents from passive beneficiaries into proactive changemakers. The strategy 

acknowledges that partnerships are the source of sustainable development solutions, 

with communities offering their special expertise and abilities and facilitators offering 

support and direction.  

Long-term success and resilience in watershed management and other rural 

development programs are ensured by this inclusive and adaptable strategy, which 

also helps to customize development initiatives to genuine local requirements and 

empowers communities to effectively design, monitor, and sustain the projects. 

11.6 Watershed Management: Connecting People and 

Policymakers  

A strong and meaningful relationship between local communities and officials is 

essential for effective watershed management. Deliberate action and an inclusive 

strategy that prioritizes community involvement and is in line with broader policy 

objectives are necessary to ensure this relationship. A vital link in this process is 

Participatory Rural Appraisal (PRA), which promotes cooperation, understanding, and 

shared decision-making. 

11.6.1 Tips for Watershed Management PRA Practitioners 

1. Unified Team Approach: PRA practitioners need to foster a solid, 

collaborative team dynamic between the local community and the Project 

Implementation Agency (PIA). Cohesion and efficiency in managing all 

aspects of watershed initiatives depend on this partnership. 
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2. Preparation and Monitoring: Creating a daily checklist before to fieldwork 

aids in thoroughly covering all required PRA approaches and methodically 

tracking advancement. Enough time set aside for participatory procedures 

guarantees full participation and high-quality data gathering. 

3. Comprehensive Use of PRA: Using PRA techniques in various watershed 

regions promotes confidence among various community segments and makes 

cross-verification easier through triangulation. The accuracy of the results and 

community relations are improved by this wide application. 

4. Clear Communication: Before starting PRA operations, it is essential to 

provide the community with a thorough explanation of the project's goals and 

methods. Cooperation and meaningful engagement are fostered by clear 

understanding. 

5. Continuous and Long-Term Engagement: In order to integrate sustainable 

practices, practitioners should continue to actively engage with communities 

during the first four years of watershed development, acknowledging PRA as a 

continuous process. 

6. Strategic Tool Selection: To optimize relevance and efficacy, select PRA 

methodologies that are suited for the local situation. This process is improved 

by the community's and PIA members' adaptability and openness to 

innovation.  

7. Fostering Community Self-Help: Fostering the establishment of user groups 

(UGs) and self-help groups (SHGs) inherently improves community cohesion 

and group effort. 

8. Community Empowerment and Control: Give communities the authority to 

use PRA tools and procedures, enabling them to change, adapt, and develop 

strategies to fit their unique requirements and environments. Convenient 

engagement times and locations respect regional customs and encourage 

self-reliance.  

9. Frequent Consultation and Facilitation: Constant communication between 

facilitators and community members keeps people from feeling excluded and 

guarantees that problems and concerns are resolved quickly. 
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10. Creation of Permanent Meeting Spaces: Setting aside easily accessible, 

roomy locations in the village for ongoing gatherings and conversations 

between project workers and residents strengthens lines of contact. 

There are some frequent misconceptions concerning PRA that practitioners need to be 

aware of. It is an ongoing, changing process of learning and adaptation rather than a 

singular occurrence. In contrast to short-term data collecting, it calls for perseverance 

and a sincere dedication to community empowerment. Additionally, it is a 

supplementary strategy that enhances project outcomes by establishing them in local 

realities rather than taking the place of technical skills.  

By connecting policy frameworks with local realities, this integrated approach increases 

the sustainability, inclusivity, and participation of watershed programs. PRA 

practitioners can successfully promote community empowerment and guarantee that 

policy measures are in accordance with and meet the complex requirements of 

watershed residents by following these principles. 

11.6.2 Common Myths about Participatory Rural Appraisal (PRA) Methods 

and Their reality 

The dynamic and priceless method known as Participatory Rural Appraisal (PRA) 

places a strong emphasis on actively involving local populations in the collection, 

analysis, and use of knowledge for their own development, especially in the areas of 

rural planning and watershed management. However, there are a number of myths 

and misconceptions surrounding PRA that can mask its actual characteristics and 

possibilities. It is essential to comprehend and debunk these beliefs in order to use 

PRA tactics effectively. 

"It is Quick"  

Myth: PRA can be completed quickly and with little time commitment. 

Reality: Enough time is needed for in-depth discussion, comprehensive involvement, 

and precise, rich results for meaningful PRA. 

"It is Easy" 

Myth: PRA is easy to perform and uncomplicated. 

Reality: Skilled facilitation, outstanding communication, conflict resolution, and 

negotiating skills are necessary for effective PRA. 
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"Anyone Can Do It" 

Myth: Anyone may perform PRA; no specific training or expertise is required.  

Reality: Effective PRA necessitates knowledgeable practitioners who have an 

understanding of community behavior and organizational dynamics.  

"It is Just a Fancy New Approach" 

Myth: PRA is a gimmicky or overly complex approach. 

Reality: PRA seeks to make complicated realities easier to understand and to increase 

the significance of involvement. 

"It Has No Theoretical Basis" 

Myth: PRA is not theoretically or academically grounded. 

Reality: Action-oriented research and practical approaches are combined in PRA, 

which has its roots in social science theory.  

"It’s Merely Old Methods in a New Wrapper" 

Myth: PRA is really a repackaging of old methods.  

Reality: PRA is adaptable and constantly innovates to fit various situational and cultural 

contexts. 

"Extensive Training is Essential"  

Myth: Before PRA can be effective, extensive and intricate training is needed.  

Reality: Although training is beneficial, excessively complex training may stifle 

community engagement and excitement; facilitation should be contextualized and 

balanced. 

"Participants are Neutral" 

Myth: Every participant gives truthful, impartial information. 

Reality: Facilitators must be conscious of and moderate participants' prejudices, which 

may be impacted by personal, social, or political issues. 

"It is Only Useful for Needs Assessment" 

Myth: PRA can only be used to determine needs at the beginning of a project. 

Reality, PRA is flexible and helpful for project planning, execution, monitoring, and 

assessment. 
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"It is Universally Applicable Without Adaptation" 

Myth: PRA methods are universally applicable in all settings and communities.  

Reality: For effective participation, methods must be modified to respect local 

constraints and cultural variety.  

Since PRA's true worth is found in its nuanced, adaptable, and participatory nature—

which empowers communities via polite discourse, shared learning, and co-created 

solutions—it is imperative that these myths be understood. By understanding the truths 

underlying these myths, practitioners can use PRA carefully and make sure it promotes 

inclusive, sustainable, and successful development results. 

11.6.3 PRA's Principal Advantages for Watershed Management  

• Encouraging Disenfranchised Groups: PRA approaches give 

underprivileged and marginalized groups in the community a say in 

development processes, empowering them to suggest and carry out need-

based initiatives. Social justice and inclusive progress are encouraged by this 

empowerment. 

• Better Community Ownership and Outlook: Participating actively in various 

watershed management initiatives through PRA improves the community's 

outlook on its surroundings. This increased involvement fosters a sense of 

pride and ownership that is essential to an initiative's long-term viability.  

• Complete and Responsive Management: PRA assists community members 

and Project Implementation Agencies (PIAs) in all project phases, including 

assessment, identification, planning, implementation, monitoring, and 

evaluation. 

• Identifying Research and Development Priorities: Communities use 

participatory approaches to identify important research themes, enabling 

locally relevant and participatory research projects that more effectively 

address issues on the ground. 

• Aligning Projects with Community Aspirations: PRA promotes managerial 

and organizational changes that take into account changing community goals 

and requirements, guaranteeing that implementation is in line with local reality. 
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• Informed Policy Development and assess: PRA-obtained insights provide 

policymakers with insightful input that lets them assess and modify watershed 

policies to make them more dynamic, responsive, and sensitive to community 

needs. 

• Mobilization of Local Resources: Better use of local labor, savings, 

expertise, and resources results from increased engagement, which lessens 

reliance on outside inputs and promotes self-sustaining growth.  

• Building Trust and Reducing Barriers: Close communication between 

communities and facilitators dispels suspicion and mistrust, resulting in more 

solid collaborations and more efficient project management. 

• Integration of Indigenous Knowledge: For efficient watershed stewardship, 

PRA integrates traditional methods and local knowledge with contemporary 

approaches. 

• Increased agricultural production, crop diversification, soil and water 

conservation, and general improvements in rural incomes and welfare are all 

benefits of watershed interventions using PRA techniques. 

11.7 PRA Tools & Techniques 

• Using a range of tools and techniques, Participatory Rural Appraisal (PRA) 

actively involves local communities in the mapping, evaluation, and 

management of their resources for efficient watershed development. By 

utilizing local expertise and encouraging community ownership, these tools 

guarantee inclusive and sustainable development processes. 

• Villagers map their dwelling areas, agricultural grounds, water bodies, 

infrastructure, and locations that are prone to hazards as part of the social and 

resource mapping process. Residents are empowered to confidently 

participate in additional activities thanks to this participatory method, which 

also aids in the analysis of spatial data and the identification of issues and 

potential for development. 

• By describing soil types and hydrological characteristics including streams, 

rivulets, and drainage networks, soil and hydrology mapping enhances 
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resource mapping by facilitating comprehension of water movement and the 

need for soil protection. 

• Creating tables with socioeconomic and infrastructure data, including 

population distribution, landholding patterns, employment categories, 

education levels, livestock numbers, and connectivity, is known as essential 

data collection. This thorough data helps with well-informed planning for 

watershed projects. 

• Communities can focus on important areas for growth by using Ranking Matrix 

exercises to rank crops, resources, or livelihood options according to market 

value, utility, and preference. 

• A historical timeline provides important planning context by documenting 

trends in community development over time, including floods, droughts, the 

adoption of new farming methods, the construction of infrastructure, and 

instances of soil erosion or land degradation.  

• A comprehensive grasp of local reality is provided via transect or group walks, 

which entail strolling through the village with locals to confirm mapped 

resources and observe farming, forestry, water resource, and land use 

patterns. 

In order to shed light on the temporal dynamics affecting livelihoods, seasonal 

analysis looks at patterns of rainfall, crop cultivation cycles, income 

fluctuations, and disease incidences throughout seasons. 

• Venn Diagrams (as shown in figure 1) help identify priority facilities and needs 

by graphically representing village infrastructure and its significance to the 

community. 

• By utilizing traditional knowledge, abilities, and cultural manifestations, 

Indigenous Technical Knowledge (ITK) enables communities to offer 

significant insights and breakthroughs grounded in their cultural history.  
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• Figure 1: A typical Venn diagram used in participatory rural appraisal 

(PRA). (Source: Das and Saikia, 2013) 

• By acknowledging their contributions to agriculture, resource gathering, seed 

preservation, and information exchange, women's participation is highlighted. 

The creation of women's committees encourages their regular participation in 

watershed initiatives. 

• By increasing awareness, offering instruction and training, assisting with 

project evaluation, and serving as facilitators to support community-led 

watershed management, non-governmental organizations (NGOs) play a 

critical role.  

• When used in tandem, these PRA techniques encourage an educated, 

inclusive, and participatory approach that puts the community at the center of 

watershed development, increasing its sustainability, efficacy, and relevance. 

Summary 

• A revolutionary community-centered method for managing watersheds, 

Participatory Rural Appraisal (PRA) places a strong emphasis on shared 

knowledge, local empowerment, and active participation. PRA gives rural 

communities the ability to recognize, rank, and respond to development 

requirements related to land, water, forests, and minerals—resources that are 

essential to their health.  
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• A change from externally driven data collection to true local ownership was 

signaled by the transition from Rapid Rural Appraisal (RRA) to PRA. In 

contrast to RRA, which depended on outside specialists who frequently 

controlled decision-making, PRA views villagers as learners, catalysts, 

facilitators, and analysts who can use local priorities and knowledge to map, 

analyze, and plan for resource management. 

• PRA challenges conventional assumptions about rural communities by 

promoting agency, creativity, and ownership in addition to data collection. In 

order to uncover knowledge, create consensus, and promote long-term 

solutions, it uses a variety of participatory tools, including social/resource 

mapping, transect walks, focus groups, ranking, and timelines.  

• The empowerment of marginalized people, improved community perspectives, 

project alignment with local goals, adaptive management, responsive policy 

formation, and sustainable livelihoods are some advantages of PRA. 

Additionally, PRA fosters trust between communities and organizations, 

mobilizes local resources, and incorporates indigenous knowledge. 

• The best forms of community participation include self-mobilization for 

autonomous action, consultative and interactive engagement, and passive 

information dissemination. This range is highlighted by modes of involvement 

(Pretty, 1988), which emphasize how PRA helps people climb the engagement 

ladder.  

• PRA's participatory approach to watershed management guarantees improved 

planning, successful execution, robust local support, and long-term ecological 

and social sustainability. 
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Check Your Progress 

Long Answer Questions 

1. Explain the evolution from Rapid Rural Appraisal (RRA) to Participatory Rural 

Appraisal (PRA). How did this shift impact watershed management and 

community empowerment? 

2. Discuss the core principles, key techniques, and benefits of Participatory Rural 

Appraisal (PRA) as applied to watershed development. 

3. Analyze the role of PRA in ensuring the sustainability and effectiveness of 

rural resource management projects. Refer to examples of specific 

participatory techniques. 

4. How does PRA address the limitations of externally led development 

initiatives, and what are the advantages of community-driven identification, 

planning, and monitoring in watershed projects? 

5. Discuss the different modes of community participation as classified by Pretty 

(1988) and how they relate to the success of participatory watershed 

management. 

Short Answer Questions 

1. What is Participatory Rural Appraisal (PRA) and why is it important in 

watershed management? 

2. List three participatory techniques commonly used in PRA. 

3. Describe one major limitation of Rapid Rural Appraisal (RRA) that PRA 

overcomes. 

4. What does the term 'self-mobilization participation' mean in the context of 

PRA? 

5. How does PRA foster a sense of ownership and agency among rural 

communities? 
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12.0 Objectives 

After reading this unit you will be enable to: 

• Describe meaning, concept and significance of capacity building 

• Explain the necessity of strengthening capacity 

• Discuss the important factors concerning capacity building 

• Elaborate the strategies to increase capacity 

12.1 Introduction 

In Indian democracy, the 73rd and 74th Constitutional Amendment Acts are seen as a turning 

point in the revival of the idea of local self-governance. By means of these reforms, it is 

anticipated that society would transition from a feudal to a democratic mode and that our 

democracy will change from being representative to participatory. All of these things are only 
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possible when people actively engage in the local self-governance process. Under these 

reforms, local self-governance has a far broader scope. Local self-governance attracts 

individuals from many facets of the patriarchal, hierarchical, and feudalistic society. This is an 

important point to remember. The concern is whether these individuals can effectively engage 

in and decide their duties and obligations, given that they are excluded due to their gender, 

caste, and class. Furthermore, the duties that they must carry out are significant. They must 

develop their abilities, talents, and capacity in order to operate effectively and efficiently. 

Therefore, in order to properly run local self-governance, capacity building becomes essential. 

In watershed management, capacity building enhances the capacities, know-how, and 

skills of people, groups, and organizations to manage water resources sustainably, 

producing more effective, efficient, and fair results. Its responsibilities include building 

technical know-how, strengthening local leadership and involvement, strengthening 

institutional governance, encouraging partnerships, and establishing reliable methods 

for monitoring, assessment, and information exchange in the context of watersheds. 

In the current unit we will go over the definition, idea, and necessity of capacity building. 

You will learn how to build capacity as well as address the questions of capacity for what 

and capacity for whom. 

12.2 Meaning, Concept and Significance of Capacity Building 

 

According to the Oxford Dictionary, capacity is the ability or strength to accomplish a 

task. According to S.K. Singh, capacity building is the process of improving an 

organization's or an individual's fundamental knowledge, talents, and skills in order to 

increase the sustainability and efficacy of the latter.  

It involves helping someone or a group recognize and resolve problems as well as 

gaining the skills, information, and experience necessary to function well. A favourable 

environment with suitable legal and legislative frameworks, institutional growth, human 

resource development, and administrative system enhancement are more examples of 

capacity building. Providing technical support activities, training, specialized assistance 

with technology, and resource networking all help to increase capacity. All stakeholders 

are acknowledged to be involved in the long-term, ongoing process of capacity building. 
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Since local self-governance stakeholders have a range of services to provide, capacity 

building for them should be given additional weight in the context of local self-

governance. They must adhere to a set of development ethical standards, which include 

responsibility, transparency, responsiveness, equity, and involvement, in order to carry 

out their tasks. Therefore, they view capacity building as important. The following should 

be taken into account when developing the ability of elected officials and other 

participants in local self-governance. 

• In order to maintain the inputs and skills acquired, capacity building is a continual 

activity that must be repeated on a regular basis. It should be a process of 

inquiry, growth, and discovery rather than just the exchange of knowledge. 

• In order to increase efficacy, capacity building exercises must take a 

participative approach. In order to provide room for thinking and acting, as well 

as to stimulate curiosity and creativity, the training design incorporates the 

participation of all participants. 

• In terms of the distribution of powers, operations, funds, and personnel, local 

governance status varies from state to state. Furthermore, each state has its 

own social environment, workplace culture, ethic, etc. As a result, the particular 

training requirements for elected officials will differ from one state to the next, 

and it is best evaluated at the state level. Modules must therefore be made to 

allow for the incorporation of state-specific requirements. 

• However, without sacrificing the specificity of local requirements, there are some 

conceptual issues, which promote all diversities and need to be internalized by 

the functionaries across the state. 

12.3 The necessity of strengthening capacity 
 

 

When local self-governance authorities carry out their duties and responsibilities as 

outlined in the 73rd and 74th Constitutional Amendment Acts, democratic 

decentralisation can actually take place. Strategies are necessary to achieve this, and 

the main emphasis should be on developing, strengthening, and promoting new 

leadership among women and other underprivileged and marginalised groups in society. 
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In reality, the local self-governance stakeholders were unsure about how to collaborate 

with the local development institution. In addition to them, other indirect stakeholders such 

as community-based organizations and voluntary organizations were also unsure about how 

to step in. The media was unable to accurately portray problems with municipal government. 

The problem of aligning the provisions with field realities is another challenge for 

policymakers. Building capability becomes essential to solving these issues. The following 

should be the primary goals of this exercise, which should be completed at all levels. 

• To familiarize local self-governance officials with their duties, responsibilities, 

and scope as soon as they start working there. 

• To improve their ability to perform their duties as allocated and to increase their 

competence, capacity, and capability. 

• To spread awareness and inspire elected officials and local self-governance 

professionals to use them as efficient means of communication for government 

services at the local level, including rural development initiatives. 

• To increase local self-governance's responsiveness to the concerns of the 

impoverished and to make elected leaders and authorities more aware of their 

issues. 

• Ensure that the gramme sabha operates effectively in order to strengthen the 

nation's democratic foundation and promote participatory development. 

• To create the nation's professional trainers and resource people for the ongoing and 

sustained training of elected officials and bureaucrats. 

• To raise awareness of the possibility of local self-governance among the media and 

other organizations. 

There are disparities and variations in the country's local self-governance development. 

While some states have stayed stagnant for various reasons, others are in a better 

position. Additionally, some groups are cynical about the local self-governance's failure 

to meet expectations. The truth is, however, that they have not received the appropriate 

orientation and training. Consequently, a suitable training and capacity building plan is 

required. 
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12.4 Important Factors Concerning Capacity Building 

 

As previously discussed Gaining, enhancing, adjusting, and mainstreaming ability 

throughout time are all part of the continuous endogenous process known as capacity 

building. The need to develop capacities frequently results from (i) social challenges, (ii) 

new opportunities, and (iii) pushes for improved governance. The process of increasing 

capacity is therefore an ongoing one. It is true that societal change takes centuries, and 

the growth of individual skill takes many years. The UNDP's practice note on capacity 

building has identified important factors to take into account. Here is an explanation of 

them. Thinking about what motivates and influences capacity development, as well as 

the environments in which it flourishes or dwindles, is crucial to understanding what it is 

and how to support it. The process is essentially dynamic and endogenous, occurring in 

a setting where capacity possibilities as well as challenges vary over time. Power 

dynamics, political economy, and special interests all influence capacity development.  

Sufficient incentives are necessary for the utilization and growth of capacity in order to 

provide performance that generates opportunities for change. The last point is that there 

are significant ramifications for how external aid is delivered, such as how crucial it is to 

coordinate and integrate development cooperation with national procedures. 

12.5 Principles of Capacity Building 

There are some guidelines that must be adhered to when doing capacity building 

exercises. Following ten default principles that encourage ownership, transform 

leadership, and guarantee the advancement of capacity building initiatives are promoted 

by UNDP.  

• Avoid hurrying. Capacity building is a long-term process that cannot be rapidly 

fixed, or used to achieve immediate outcomes. Involvement for capacity 

development must be dependable and have an outlook for the future. 

• Value systems should be respected, and confidence should be encouraged. 

Imposing values from other cultures might erode trust. Respect is necessary for 

capacity development. The foundation of empowerment and potential is 

confidence. 
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• Look both locally and internationally; start over locally: No plans are there. 

Learning is the foundation of building capabilities. The process of learning is 

individual and necessitates genuine enthusiasm and dedication. Transferring 

knowledge is no longer regarded as the most essential medium. Knowledge 

must be learnt. 

• Challenge ideas and power inequalities: It can be tricky to confront vested 

interests, and capacity building is not power neutral. In order to foster a 

constructive dynamic for overcoming them, it is vital to have frank conversations 

and transition from a closed-door culture to one of transparency. 

• The foundation of development is capacity, so think and act according to the 

concept of long-term capacity results. Every action plan should advance achieve 

this objective. Responsible leaders have the ability to motivate their 

organizations and communities to successfully pursue capacity building. 

• Create suitable incentives such as: One of the biggest barriers to capacity 

development is employment distortion in the public sector. The goal of capacity 

development must be in line with ulterior goals and perverse incentives. 

Systems of governance that uphold fundamental rights are a strong motivator. 

• Include outside influences in national systems, procedures, and priorities: In 

order to effectively respond to national needs and opportunities, external inputs 

must be flexible and in line with actual demand. If such systems are insufficiently 

robust, they must be enhanced and reformed rather than avoided. 

• Instead than developing new capacities, expand on those that already exist. 

This suggests preserving social and cultural capital, reviving and fortifying 

national institutions, and using national expertise as a top priority. 

• Continue to be involved in challenging situations. The need increases with 

decreasing capacity. Weak capacities are not a justification for retreating or 

promoting outside goals. People shouldn't be held captive by careless 

leadership. 
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Stay answerable to the final beneficiaries. External partners must answer to beneficiaries 

and help national authorities take ownership of the situation, even if national authorities 

are not meeting the requirements of their citizens. With national stakeholders, sensible 

solutions in real-world scenarios must be freely discussed and agreed. 

12.6 Why Capacity? 

 

Among the many examples of practical, hands-on, and interactive learning processes 

that are part of capacity building are organizational development, institutional learning, 

interaction, horizontal exchange, and togetherness. When viewed in this light, capacity 

building is a long-term process that involves systematically gaining new skills, expertise, 

and perspectives in order to enhance a local authority.  The person who plays himself must 

recognize the importance of the learning and accept responsibility for it, just like they must 

for any other learning. A key component of capacity building is preparing the local authority 

to recognize its unique capacity needs and to be motivated to take charge of learning them. 

The need to increase capacity at the individual and organized collective levels should be 

addressed by capacity building initiatives. 

The development of leadership should be the main goal of capacity building at the individual 

level. It is necessary to instill long-term vision, institutional reform and change, procurement, 

and transparency. The goal of leadership development for local governance is to advance 

organizational institutional reform as well as individual leadership training. The most 

important factor in effective outcomes is the synchronization amongst these two concurrent 

efforts. Individuals' technical and functional abilities should be improved. Functional abilities 

consist of: 

• To have a conversation with multiple stakeholders 

• To assess a situation and formulate a plan 

• To create strategies and policies 

• To plan, coordinate, and execute 

• To keep track on and assess 
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Technical capacities are linked to certain fields of professional knowledge or experience, 

such education, agriculture, and financial management. 

Capacity to interact with all pertinent parties, facilitate conversation, and encourage 

inclusive procedures involving pertinent authorities can be developed at organised 

collectives. It applies to foreign partners as well as all pertinent members of the public 

and society. It involves the ability to do the following: 

• Determine, encourage, and involve stakeholders. 

• Establish networks and collaborations 

• Increase awareness 

• Create an atmosphere that encourages participation from the private sector and 

community groups. 

• Oversee a massive group's procedure and open discussion 

• Create mechanisms for cooperation and mediate conflicting interests. 

12.7 Identify for whom the capacity? 

At several levels, capacity building for local self-governance in rural areas is necessary. 

These are: 

• Increasing the Gram Sabha member's capacity 

• Building community-based organizations’ capacity 

• Enhancement of Gram Panchayat members' capabilities 

• Exclusive Building the capacity of women and marginalized members 

• Members of the District Panchayat or Zilla Parishad and members of the 

Panchayat Union or Panchayat Samiti should increase their capacity. 

• Building the capacity of government employees 

• Enhancing the ability of nonprofit organizations. 

After the 73rd Constitutional Amendment Act was introduced, the Gram Sabha became 

an essential unit. Members of the Gram Sabha are citizens who have reached the age 

of 18. The Gram Sabha members must be trained as the first step in the capacity building 



WATERSHED MANAGEMENT  FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY Page 177 

 

 

process in order for the Gram Panchayat to become active, support, and oversee its 

operations. The need for capacity building in general has not just grown since the 

Constitutional Amendment Acts were introduced. The following provides a brief 

explanation of the historical background of Panchayati Raj functionary training. 

12.8 Enhancing Elected Leaders' Capabilities through Local 

Self-Government Institutions 

Three levels of organization were established by the Seventy Third Constitutional 

Amendment Act. Initially, the Gram Panchayat is the direct representative body. Block 

Panchayats or Panchayat Simitis are organized at the next level, while District 

Panchayats are eventually found at the district level. Therefore, capacity building needs 

to be done at each of these levels. But it is still a long way off to use the Gram Panchayat 

as a means of implementing representative leadership that is open and accountable to 

the Gram Sabha. 

• The preparation of this collective identity must be the primary focus of the most 

important interventions in order to comprehend the independent and 

fundamentally democratic nature of the Gram Panchayat as a collective 

decision-making body. The goal of these interventions is to foster a shared 

understanding and intellectual respect for the Gram Panchayat. 

• Enhancing the institutional structure to operate as an accountable and 

transparent local body requires an additional set of interventions at the Gram 

Panchayat level. This covers procedures for holding meetings, creating minutes, 

communicating with the Gram Sabha, ensuring the engagement and 

contribution of the Gram Sabha, creating participatory micro plans, procedures, 

and systems, ensuring the successful execution and oversight of these plans, 

obtaining and mobilizing resources, and upholding transparent financial 

management systems, among other things. 

• In order for Gram Panchayats to become financially independent and viable 

organizations, the issue of expanding their resource base must also be 

addressed by the capacity building engagement at this level. Interventions 
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aimed at increasing capacity in this area specifically concentrate on enlisting 

village resources. 

At this level, the most important capacity-building interventions must concentrate on 

developing each elected representative's unique leadership style. This is the first time 

these recently elected officials have ever participated in public politics. Therefore, they 

need to increase their capacity in a number of ways in order to improve their leadership 

roles: 

It is in this context that joint camps, large Conferences and exposure visits for groups of 

elected representatives must be used as creative ways to boost the elected leadership's 

perceived confidence.  

New skills must be acquired in order to exercise new leadership. These abilities cover 

things like meeting protocols, minute preparation, village planning, money management, 

and more. It's important to encourage learning these abilities through instruction, hands-

on practice, and modelling. 

Therefore, one of the main challenges in local administration has been the 

implementation of capacity improvement initiatives that seek to empower and strengthen 

new leaders on an individual basis. Vertical ties between the various levels of local 

bodies also needed to be reinforced. 

Establishing horizontal relationships between various levels of local bodies and 

corresponding levels of local administration is one of the most important areas that has 

to be strengthened. These included forest guards, police constables, Aanganwadi 

(preschool) workers, primary school teachers, village level employees, and multipurpose 

health professionals. All of the aforementioned government employees should answer 

to the Gram Panchayat in accordance with the constitution.  

However as of now, this is not a reality anyplace in India. The Gram Panchayat must 

learn how to monitor the appropriate government development programs and resources, 

as well as how to enforce their rights and authority over the concerned government 

officials. Both independently for Gram Panchayats and in collaboration with relevant 
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government representatives and their managers, structured learning opportunities must 

be developed. This would foster a sense of teamwork. 

Developing linkages and encouragement systems with other elected leaders in nearby 

towns, blocks, and districts is another aspect of horizontal networking. One of the most 

significant challenges to local governance capacity building is assistance for the 

development of horizontal networks like cooperative networks of support and grassroots 

pressure groups. 

12.9 Developing Government Officials' Capabilities  

One of the most significant challenges to dealing with an accountable and responsive 

administration has been changing the mindset and perspective of government 

employees at all levels. Civil service training facilities at the local, state, and federal 

levels are a major means of doing this. This could mean raising the calibre of facilitators 

and curriculum in these training facilities. 

Enhancing government staff capacity in the subsequent area relates to the particular 

abilities they would require to collaborate with Panchayati Raj institutions. For instance, 

because planning and monitoring have been centralized under the upward development 

assistance system, the lowest level government workers lack the necessary skills. They 

must have knowledge of many facets of democratic decentralization, particularly how to 

promote micro plans (including budgeting), conduct social audits, and monitor how these 

plans are being carried out by the community. 

12.10 Strategies to Increase Capacity 
 

 

Actions to improve and expand human resources, infrastructures, or organizational 

structures within a community or organization are just a few of the many topics that fall 

under the broad umbrella of capacity building. The growth of institutional, financial, 

political, and other resources at various levels and in many societal sectors might also 

be included. A strong foundation for more effective and efficient services and activities 

is laid by successful capacity building. 

It is very supportive of the growth of understanding and knowledge. The National 

Capability Building Framework, which is mentioned below, was created by the 
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Government of India to increase the capacity of the actors involved in local self-

governance through the Ministry of Panchayati Raj. 

12.10.1 Structure for National Capability Building for Elected 

Representatives and Officials of Panchayati Raj 

The capacity of elected representatives and panchayat officials to perform their duties is 

largely dependent on the devolution of functions to them. A number of action items 

pertaining to training and capacity building were adopted by the 7th Round Table of State 

Ministers of Panchayati Raj in 2004 after taking this factor into consideration. These 

action items serve as the foundation for the National Capability Building Framework's 

design. With the long-term objective of establishing panchayats as institutions of self-

government, the NCBF is intended to train elected officials and representatives of 

panchayats, as well as professionals from higher governmental levels and Gram Sabha 

pressure groups like SHGs and CBOs. 

• It includes educating important officials to help them effectively support the 

panchayats in carrying out their delegated tasks, as well as providing training, 

sufficient functionaries, technical assistance, and other forms of support. 

• It seeks to enhance grassroots democracy by providing stakeholders with the 

necessary guidance to perform better and integrating valuable insights from 

grassroots experiences. 

A key component of the framework, training emphasizes knowledge exchange as well 

as the process of inquiry, growth, and discovery. It places a strong emphasis on training 

women and marginalized people. 

12.10.2 Framework's contents  

The framework splits the training program into three themed sections and separates the 

training content. Stabilization through interaction and networking, (i) developing the 

proper mentality, and (ii) developing fundamental skills for planning and execution are 

the three main themes. The framework design encourages cooperation between 

different stakeholders, specifies activity mapping, and trains the stakeholders on the 

duties of governments at all levels. 
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A system of large-scale expansion through online or distant training and collaborative 

training to facilitate extensive local support is one of the training modalities included in 

the framework. The framework's recommended interactive online training is a combined 

strategy for efficiently and quickly covering an extensive range of trainees. The 

framework also includes mixed group training and online and in-person instruction. 

The framework includes tools like ICT skill training, networking and interaction to 

strengthen and enhance capabilities, Gram Sabha-level promotions, Panchayati Raj TV 

channel, community radio stations, the national Panchayati Raj newsletter, building 

networks of Panchayat elected representatives, a comprehensive utilization of IT, a one-

year refresher course, visits to designated beacon Panchayats, and more. The 

framework additionally addresses the establishment of facilities for intermediate 

panchayat-level satellite training and extension training institutions. 

12.10.3 Resource Persons for Executing the Framework/Structure 

The three-step cascades training approach laid out in the framework allows for the 

development of a resource pool. When choosing resource personnel, consideration 

should be given to their potential, attitude, and dedication to teaching skills related to 

important development programs.  State-level master resource persons, district-level 

resource persons, state-level IT master resource persons, satellite training anchors and 

speakers, and national resource persons at the level of the government will all be 

included in the pool. State-level master trainers, who possess expertise in training and 

executing government programs, are intended to be trained by trainers at both the 

national and state levels. Stakeholders and participants in panchayati raj must be the 

district-level resource individuals. 

12.10.4 Development of Instructional Materials 

Training materials should be provided visually, ideally in the local language and region. 

Folk resources, the Panchayat reference manual, charts, photographs, and posters 

pertaining to Panchayats may be included in the training materials. For a better 

comprehension, workshop interactions, one-on-one interviews, and dramatized plays 

should be provided in electronic format. NGOs, Resource Persons, and Panchayat 

representatives should all be included in the training material preparation process. 
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12.10.5 Management, Assessment, and Documentation of Programs 

According to the framework, results should be monitored against the type of qualitative 

standards specified in the training course. Clearly identifiable, observable, trustworthy, 

and quantitative results must be the criteria used to monitor them. According to the 

framework, training program management must be decentralized and modified 

according to the requirements of the local community. The NIRD and the Ministry of 

Panchayati Raj will collaborate closely in a joint management group to supervise the 

program's execution in accordance with the framework. The Training Managing 

Committee at the state level will be in charge of reviewing and implementing the 

Capability Building Framework as well as providing policy guidelines pertaining to 

training. 

12.10.6 Approach and Strategy for Capacity Building 

To accomplish the goals, a multifaceted approach is required for the training strategy. 

Using satellite or video conferencing, institutional training and online learning modes can 

be used to arrange training for such a huge number of participants. 

To ensure successful capacity building, the following considerations should be made: 

i. Assure leadership and ownership. 

ii. Make sure that decision-making and consultations involve multiple stakeholders. 

iii. Establish a foundation for capacity building initiatives in self-needs analysis 

iv. Take a comprehensive strategy to developing capacity. 

v. Include capacity building in broader initiatives for sustainable development 

vi. Encourage collaborations 

vii. Support for the flexibility of capacity building 

viii. Use a learning-by-doing strategy and Encourage regional strategies 

Summary 

Capacity building is a requirement for regional organizations to operate efficiently. 

Training program administration is challenging since it involves a number of facilities and 
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a skilled group of instructors. Additionally, it needs a lot of data related to local self-

governance. Training can be given to grassroots leaders to improve their abilities and 

talents. The only way to identify the current state of affairs and the manner in which 

Panchayats are being run is through the training programs. It is necessary to implement 

capacity building exercises in order to increase the actions that must be made to put the 

Panchayats on the right pathway. 

In watershed management, capacity building enhances the capacities, know-how, and 

skills of people, groups, and organizations to manage water resources sustainably, 

producing more effective, efficient, and fair results. Its responsibilities include building 

technical know-how, strengthening local leadership and involvement, strengthening 

institutional governance, encouraging partnerships, and establishing reliable methods 

for monitoring, assessment, and information exchange in the context of watersheds. 

Terminal Questions 

1. Explain what capacity building is and why it is important for grassroots democracy. 

2. What guidelines should be adhered to when developing capacity? 

3. Talk about the main recommendations for enhancing Panchayati Raj Institutions' 

capabilities. 

4. Describe the main strategies and methodology of capacity building. 
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Unit 13: RS, GIS and Watershed Management 
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13.0 Learning Objectives 

After going through this unit, you will be able to: 

• Define what is remote sensing and geographical information system  

• Describe the role of remote sensing in watershed development  

• Explain the role of geographical information system in watershed development  

13.1 Introduction 

Remote sensing (RS) and Geographic Information Systems (GIS) are crucial for 

managing effective watershed strategy, offering various tools for data analysis, 

modeling, and decision-making. These tools help us to develop accurate mapping, 

monitoring, and analysis techniques for different watershed characteristics, along with 

planning and implementing sustainable development projects. This is all possible due 

to powerful computer software and access to large amounts of digital data. It’s no 

longer just about creating maps or keeping inventories; it’s now being used for deeper 

analysis and smarter decision-making. These tools help in creating accurate maps 

using high-quality data from various sources, which makes it easier to identify things 

like ridge lines, stream paths, and areas that are more likely to face erosion. 

Geographic Information Systems (GIS) completely changed the traditional concept 

of monitoring natural resources. Watersheds are complex and constantly changing, so 

it needs a deep understanding of how water moves through them. GIS helps by 

offering a platform to bring together data about land use, vegetation, water flow, and 
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soil types. This allows experts to create detailed maps, mark watershed boundaries, 

and understand how water flows and changes over time. 

One important use of GIS is in managing flood risks. By analyzing data like elevation, 

past flood events, and land use, GIS can help identify areas likely to flood. This makes 

it easier to plan safety measures and reduce damage. GIS also helps monitor water 

quality by mapping pollution sources and water paths. This makes it easier to find 

where pollution is coming from and come up with solutions. Another big benefit of GIS 

is that it helps involve the public and other stakeholders. By creating clear, easy-to-

understand maps and interactive tools, GIS makes it easier for everyone from local 

communities to government officials, to understand the condition of watersheds and 

what’s being done to protect them. In short, using GIS in watershed management gives 

us a powerful way to analyze and understand the environment. It leads to better 

decisions, helps protect water resources, and supports healthier communities and 

ecosystems. 

13.2 General overview of Remote sensing (RS) and Geographic 

Information Systems (GIS) 

Remote sensing is the science and art of obtaining information about an object, area or 

phenomenon through the analysis of data acquired by a device that is not in contact 

with the object, area or phenomenon typically from aircraft or satellites under 

investigation. It involves capturing images and data using sensors (on satellite) that 

detect the reflected or emitted energy from the Earth’s surface.  

Types of remote sensing 

Remote sensing can be broadly classified into two types as shown in figure 1: 

I. Passive remote sensing: This type uses natural energy mainly sunlight to capture 

images of the Earth. Examples include satellite pictures and photos taken from aircraft. 

It works best during the day when there’s plenty of sunlight. 

II. Active remote sensing: Here, the sensors send out their own signals (like radar or 

lidar) and then measure how those signals bounce back. This method works well in all 

kinds of weather and can be used both day and night. That means they have their own 

source of light or energy not depend on natural sources like sun. 
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Figure 1: Passive and Active Remote Sensing System 

A Geographic Information System (GIS) is a computer tool that helps us to store, 

analyze, and display both location-based (spatial) and other types of data. It brings 

together information from different sources like satellite images, topographical maps, 

and on the ground surveys (ground truthing) to create detailed, interactive maps. GIS 

is especially useful for organizing and making sense of the large amounts of data 

collected through remote sensing. In GIS we used various software’s like ArcGIS, 

ERDAS IMAGINE, QGIS (open-source) etc for digital image interpretation, mapping, 

critical analysis of digital data and at last for final decision making.  

Key components of GIS include: 

I. Hardware: it includes computers and other devices used to store, process, and 

display remotely sensed data including satellite images and topographical maps. 

II. Software: various GIS software applications either open access or commercial that 

provides tools for data analysis, visualization, and mapping. 

III. Data: Spatial and non-spatial data collected from various sources, such as satellite 

imagery, maps, and field surveys. 

IV. People: These are the trained professionals who use GIS tools to study data and 

make smart, informed decisions based on their findings. 

V. Methods: These refer to the specific techniques and processes used to analyze, 

interpret, and apply GIS data effectively. 

13.3 Applications of RS and GIS in Watershed Management 

RS and GIS have become essential tools in managing watersheds. They offer fast, 

accurate, and cost-effective ways to study and analyze the land. Remote Sensing 

collects data (satellite imageries), about the Earth’s surface using electromagnetic 
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signals, while GIS helps to organize, analyze, and visualize that data. The role of RS 

and GIS in watershed management are as follows: 

I. Land Use and Land Cover Mapping 

By studying satellite images, we can see how land is being used- whether it's covered 

by forests, farms, cities, or other types of land. This involves defining watershed 

boundaries using Digital Elevation Models (DEMs), tracking human activity through 

land use and land cover (LULC) maps, analyzing soil properties to determine land 

suitability, and mapping drainage systems and water bodies for better management. 

LULC data help us to understand how human activities affect watersheds. Figure 2 

illustrates the LULC data of a micro-watershed, helpful in gaining information about 

LULC dynamics within 8 year interval on the basis of satellite imageries. 

  

Figure 2: Land use land cover pre and post data map of a micro watershed 

Tools like satellite images and aerial photos are often used to track how land use 

changes occur over time. This information is important for seeing how things like cities, 

farms, and forests impact water quality and the way water moves through an area. For 

example, when land-cover changes, it can cause more water to run off the surface and 

carry more dirt into rivers, which can harm water quality. GIS technology helps bring all 



WATERSHED MANAGEMENT FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY Page 189 

this data together so we can better study how land use affects the overall health of a 

watershed. For example, GIS technology helps us to break down the large catchment 

area into smaller sub-watersheds (SW) and micro-watersheds (MWS) as shown in 

figure 3. This made it easier to closely study water resources and plan better 

management strategies (Singh, 2021). 

    

Figure 3: Sub categorization of a watershed into micro-watersheds (MWS) 

(Source: Islam et al., 2020) 

II. Vegetation Analysis 

Remote sensing helps track how healthy and dense the vegetation is across an area. 

This is important for understanding how land-use changes-like deforestation or farming 

affects the overall ecosystem of the watershed. Vegetation analysis in a watershed 

means looking at the types and spread of plants in the area to understand how they 

affect water, soil, and the overall environment. This helps us to calculate how well the 

watershed can manage water flow, reduce soil erosion, and support different forms of 

life. 

III. Soil Erosion Assessment  



WATERSHED MANAGEMENT FR(N)-321 

 

UTTARAKHAND OPEN UNIVERSITY Page 190 

By analyzing various landscape features remote sensing can spot soil erosion prone 

areas. This helps in planning and putting erosion control strategies into action. Soil 

erosion assessment in a watershed means studying how much soil is being lost and 

where it's happening, mainly due to water or wind. It’s an important step in 

understanding land damage, protecting water resources, and planning good 

conservation strategies. This kind of assessment usually combines on-the-ground 

observations with data from satellites and GIS tools to map and predict erosion across 

the area. 

IV. Water Quality Monitoring  

Satellites can measure things like water clarity, algae levels, and chlorophyll in lakes 

and rivers by analyzing light patterns reflected from the water. Geographic Information 

Systems (GIS) then combine this remote sensing data with other details like how the 

surrounding land is used or where pollution might come from to better understand 

what’s affecting the water and where the pollution could be coming from. These 

indicators help assess the health of water bodies in the watershed and detect pollution 

or other problems early. 

V. Data Integration 

GIS brings together data from different sources like satellite images, topographical 

maps and surveys into one system.  

 

Figure 4: DEM model of a watershed (source: Chhillar and Joshi, 2022)   
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Topographic data, mainly shown using Digital Elevation Models (DEMs), is really 

important for understanding the shape of the land and figuring out where watersheds 

begin and end. DEMs give us a 3D view of the Earth's surface, which helps us see how 

water moves across the land-where it flows, where it collects, and where it might cause 

flooding. As shown in figure 4 the DEM of a watershed help in understanding the 

elevation within a watershed. This kind of information is very helpful for mapping out 

drainage systems and spotting areas at risk of flooding. 

VI. Spatial Analysis 

With GIS, users can analyze data by layering different types of information, measuring 

distances, and spotting patterns. This makes it easier to find problem areas and decide 

where to focus efforts. 

VII. Watershed Delineation 

GIS helps outline the topographical boundaries of a watershed using digital elevation 

model (DEM) data. Knowing the size and shape of a watershed is the first step in 

understanding how water flows through it and how it should be managed. 

VIII. Visualization 

GIS creates clear, detailed, and interactive maps. These maps help professionals, 

decision-makers, and even the public better understand what’s happening in the 

watershed. They’re useful for planning, communication, and raising awareness. 

IX. Modeling and Simulation 

GIS can be used to build models that replicate natural processes like water flow, 

erosion, and sediment movement. These models help predict what might happen 

under different conditions, supporting smarter and more effective management 

decisions. 

X. Flood Risk Assessment 

By simulating rainfall and water flow, GIS can predict which areas are at risk of 

flooding. This information is vital for planning protective measures and reducing 

damage during heavy rains. 

XI. Water Resource Management 
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GIS can analyze how much water is available in a watershed, how it's being used, and 

where it's needed most. This helps ensure water is used efficiently and shared fairly. 

XII. Environmental Impact Assessment 

GIS can study how different land uses like farming, construction, or deforestation affect 

the watershed environment. This helps in planning sustainable actions that protect the 

land and water. 

Self-assessment 

1. What is the primary advantage of using GIS in watershed management? 

A) Creating basic maps and inventories only 

B) Bringing together data from multiple sources for detailed analysis 

C) Only monitoring flood events 

D) Replacing all traditional water management methods 

2. How do Land Use and Land Cover (LULC) maps help in watershed management? 

A) By only identifying water bodies in the watershed 

B) By increasing urban development without environmental assessment 

C) By eliminating the need for field surveys 

D) By tracking changes in land use and understanding their impact on water quality 

and flow 

3. What is the role of Digital Elevation Models (DEMs) in watershed management? 

A) To provide 2D images of the watershed 

B) To help delineate watershed boundaries and understand water flow and elevation 

C) To measure water quality parameters like chlorophyll 

D) To analyze vegetation density only 

4. Which application of GIS helps in predicting flood-prone areas by simulating rainfall 

and water flow? 

A) Vegetation Analysis 

B) Spatial Analysis 

C) Flood Risk Assessment 

D) Environmental Impact Assessment 
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5. What benefit does GIS provide through its visualization capabilities in watershed 

management? 

A) It creates interactive and detailed maps to support planning and awareness 

B) It replaces the need for any remote sensing data 

C) It only stores data but does not help in analysis 

D) It limits access to watershed data only to experts 

Answers: 1-B; 2-D; 3-B; 4-C; 5-A 

13.4 Combining RS and GIS for Better Watershed Management 

When remote sensing and GIS are used together, they become a powerful tool for 

managing watersheds more effectively. By combining satellite images with GIS data, 

we can build detailed, dynamic models that give a clearer picture of what’s happening 

in a watershed. This partnership offers several key benefits: 

I. More Accurate Data: Remote sensing provides fresh and reliable data, while GIS 

helps analyze and visualize it clearly. Together, they ensure the information used for 

decision-making is accurate and up-to-date. 

II. Comprehensive Understanding: Using both technologies allows us to look at the 

watershed as a whole considering land use, vegetation, soil, and water resources all at 

once for a more complete analysis. 

III. Ongoing Monitoring: With continuous updates from satellite data and GIS tools, 

changes in the watershed can be tracked over time. This helps managers respond 

quickly to problems and adjust strategies as needed. 

IV. Smarter Decisions: The detailed maps and models created through this 

combination provide valuable insights for planning. This leads to more informed, 

effective, and sustainable watershed management strategies. 

Remote sensing and GIS have completely transformed how we manage watersheds. 

These technologies give us accurate, detailed, and current information, helping us 

better understand how watersheds function and change over time. They allow us to 

see how different land uses and management practices affect the environment and 
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guide us in making smarter, more sustainable decisions. By using remote sensing and 

GIS together, we can protect and improve the long-term health of our watersheds-

supporting clean water, healthy ecosystems, and stronger communities. With features 

like broad coverage, high detail, and the ability to capture repeated images over time, 

they make it easier to map and monitor natural resources quickly and accurately. 

By combining these tools, we can better understand how water moves through a 

watershed and develop smarter, more cost-effective strategies to deal with problems 

like water shortages, soil erosion, and pollution. New technologies like high-resolution 

imagery, hyperspectral sensors, Radar, LiDAR, Ground Penetrating Radar (GPR), and 

drones are making data collection more detailed and more frequent than ever. 

When paired with advanced hydrological models and decision-making systems, these 

tools help make predictions and choices based on solid science. Online access to 

spatial data and citizen science efforts are also helping to make watershed 

management more transparent, inclusive, and community-driven. While challenges like 

data quality, processing, and political factors still exist, ongoing research especially 

involving AI and machine learning is helping to improve these tools and make them 

more accessible. As awareness of their benefits grows, GIS and Remote Sensing will 

play an even bigger role in sustainable watershed management. 

By using these technologies alongside approaches that also consider environmental 

and social factors, we can better protect and manage water resources for both present 

and future generations. The success of these efforts will depend on continued 

innovation, building technical skills, and finding ways to combine high-tech tools with 

community-based approaches. Future research should focus on solving current 

challenges, improving real-time monitoring, and bringing more stakeholders into the 

process. As the technology improves and becomes more widely available, its potential 

to support sustainable watershed management will only grow—offering hope for 

addressing the rising challenges facing global water resources. (Kumar et al., 2025) 

Summary 

Managing watersheds in natural areas that collect and channel rainwater is more 

complex than ever. But thanks to powerful tools like Remote Sensing (RS) and 
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Geographic Information Systems (GIS), we're now able to monitor, map, and protect 

these vital ecosystems more efficiently and accurately than before. Remote Sensing is 

the science of collecting data about Earth’s surface using satellites or aircraft. It allows 

us to see and study large areas without ever stepping foot there. On the other hand, 

GIS is a computer-based system used to store, analyze, and visualize this spatial data. 

It brings together maps, satellite images, and survey data to help researchers and 

decision-makers make sense of what’s happening in the watershed. GIS isn't just for 

scientists even it creates clear visuals that communities, planners, and policymakers 

can all understand and use. 

Together, RS and GIS are revolutionizing watershed management by: 

• Mapping land use and cover to track human impact and natural changes. 

• Monitoring vegetation health, water quality, and detecting soil erosion risks. 

• Analyzing flood risks, predicting water flow, and pinpointing pollution sources. 

• Dividing watersheds into manageable units (like sub and micro-watersheds) 

for better local planning. 

• Modeling scenarios to prepare for future challenges like floods or droughts. 

• Creating interactive maps for awareness, education, and stakeholder 

engagement. 

The integration of these tools also brings better data accuracy, continuous monitoring, 

and smarter decision-making. With evolving technologies like drones, hyperspectral 

imaging, and machine learning, watershed monitoring is becoming faster, more 

precise, and more inclusive. The goal is not just scientific accuracy but also 

community-driven, sustainable management that protects water resources for future 

generations. In essence, the combination of Remote Sensing and GIS has shifted 

watershed management from traditional methods to a smarter, more holistic approach, 

helping safeguard water, land, and ecosystems in a rapidly changing world. 

Terminal questions 

(A) Short answer type questions: 

1. Explain how remote sensing and GIS contribute to soil erosion assessment and 

water quality monitoring in watershed management? 
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2. Explain how remote sensing and GIS contribute to land use land cover mapping and 

vegetative analysis in watershed management? 

(B) Long answer type questions: 

1. Describe any four major applications of GIS in watershed management? 

2. Discuss the benefits of integrating Remote Sensing (RS) and GIS technologies in 

watershed management? 
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Unit 14: Observation and Assessment of Watershed 
Projects 

Unit Structure 

14.0 Learning Objectives 
14.1 Introduction 
14.2 Monitoring, selection, and Identification of key indicators for monitoring, data 
collection 
14.3 Monitoring levels 
14.4 Project assessment and its needs 
14.5 Project Assessment Techniques 
 

14.0 Learning Objectives 

After the study of this unit, a learner would be able to: 

● Know the monitoring and assessment of watershed projects 

● Identify the key indicators for tracking the project 

● Aware the various methods and techniques used to tract the project  

● Know the different level of project monitoring. 

● Know the importance of project assessment 

14.1 Introduction 

Observation, monitoring, and assessment are critical elements in watershed project 

planning, execution, and evaluation. Watershed management interventions are integrally 

multi-dimensional, aiming to biophysical, socio-economic, and institutional changes. 

Project monitoring and assessment are essential components of development 

programmes, especially for natural resource management and watershed projects. 

Monitoring is basically defined as, the process of regularly tracking or continuous review 

of project activities, output, and progress. Monitoring helps to identify deviations, shortfalls, 

and corrective actions during project implementation. While assessment (or evaluation) is 

defined as, the systematic analysis of outcome and impacts against planned objectives.  

Assessment provided effectiveness, efficiency, relevance, and sustainability of the planned 

objectives. It helps answer two fundamental questions: 
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1. Are we doing the project right? – Monitoring. 

2. Are we doing the right project? – Evaluation. 

In combination, monitoring and evaluation promote accountability, enhance decision-

making, optimize the use of resources, and draw lessons for further intervention. In 

watersheds—whose benefits encompass soil conservation, increased crop yields, 

recharge of groundwater, improvement of livelihoods, and community involvement—

observation and evaluation become essential for gaining holistic developmental outcomes 

(FAO, 1995; World Bank, 2004). 

14.2 Monitoring, selection, and Identification of key indicators for monitoring, data 

collection 

14.2.1 What is Monitoring? 

Monitoring is a management tool that involves continuous observation, recording, and 

reporting of project progress.  Monitoring in watershed projects covers three dimensions: 

implementation (whether planned activities are being carried out), performance (extent 

of physical and social achievements), and impact (long-term changes in resource 

conditions and community well-being). To achieve this, suitable indicators must be 

selected at the project’s inception. 

14.2.2 Selection and Identification of Key Indicators 

Indicators are measurable signs used to track project progress and impact (Table 14.1). 

They should be: 

• Simple and easy to measure. 

• Reliable and replicable. 

• Sensitive to change. 

• Easy to interpret. 

Major Indicators in Development/Wateshed Projects: 

Indicators for watershed projects are classified into several categories: 
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1. Physical indicators: soil erosion rates, area treated, number of check dams, 

terracing structures, and irrigation potential created. 

2. Natural resource indicators: water table depth, groundwater recharge, runoff 

reduction, biodiversity improvement, and vegetation cover. 

3. Socio-economic indicators: household income, asset creation, productivity levels, 

and market access. 

4. Human indicators: nutritional status, school enrollment, participation in training 

programs, and health improvements. 

5. Financial and economic indicators: Net Present Value (NPV), Internal Rate of 

Return (IRR), and Benefit–Cost Ratio (BCR), which measure the financial viability 

and economic sustainability of interventions. 

Table 14.1: Classification of Indicators in Watershed Projects 

Category Examples 

Physical Soil erosion, area treated, check dams, terracing 

Natural Resources Groundwater recharge, runoff reduction, biodiversity, 

vegetation cover 

Socio-Economic Household income, asset creation, productivity, market access 

Human Nutrition, education (school attendance), training participation, 

health indicators 

Economic/Financial cost-benefit ratios, net present value (NPV), and internal rate 

of return (IRR). 
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14.2.3 Data Collection for Monitoring 

The introduction to observation and assessment in watershed management would be 

incomplete without acknowledging constraints. Monitoring often suffers from inadequate 

data, lack of trained personnel, high costs, and difficulties in measuring intangible benefits. 

Data collection is equally important. Various method are used for data collection in 

presented in Figure 14.1 Traditional methods include household surveys, crop-cutting 

experiments, soil and water sampling, and institutional records. Modern approaches 

include GIS mapping, remote sensing, hydrological modeling, and the use of Management 

Information Systems (MIS). The Watershed Project Monitoring and Information System 

(WPMIS) an online tool that tracks project progress in real time.  
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Figure 14.1 Various data Collection Methods 

Case studies illustrate the relevance of robust monitoring. In the Sujala Watershed Project 

in Karnataka, for instance, integration of GIS-based monitoring systems with participatory 

evaluation methods ensured a more comprehensive assessment of impacts (Watershed 

Development in India, 2024). Similarly, in Maharashtra’s Hiware Bazar watershed, 

participatory monitoring by the Gram Sabha ensured that water use was equitably shared 

and long-term gains were sustained. 
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14.3 Monitoring levels  

Monitoring of watershed projects is conducted at multiple levels, each with distinct roles, 

responsibilities, and mechanisms. This multi-tiered system ensures accountability 

transparency, and alignment with broader development goals (Table 14.2). 

1. Central/National Level 

At the apex, the central government—through agencies such as the Ministry of Rural 

Development and the Planning Commission—oversees policy formulation, financial 

allocation, and national-level monitoring. Tools such as the Watershed Project Monitoring 

Information System (WPMIS) provide consolidated data for quarterly and annual reviews. 

Independent evaluations may also be commissioned at this level to assess overall 

programme performance (World Bank, 2004). 

2. State Level 

State Planning Boards, State Watershed Development Agencies, and Development 

Commissioners coordinate implementation across districts. Their responsibilities include 

capacity building, technical backstopping, and ensuring projects comply with operational 

guidelines. They prepare state-level progress reports that feed into central databases. 

3. District Level 

District Rural Development Agencies (DRDAs) and District Planning Committees integrate 

watershed projects with other rural development programmes, manage fund flows, and 

supervise Project Implementing Agencies (PIAs). Monitoring at this level focuses on 

resource use, physical progress, and convergence with complementary schemes. 

Check your Progress 1 

Q1. Define the term Monitoring and assessment? 

Q2. What are the charactertics of key indicators for watershed projects 

 Q3. What are the modern data collection methods used in watershed projects? 

Give examples 
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4. Project Implementation Agency (PIA) Level 

Project Implementation Agency (PIA) level include NGOs, cooperatives, or government 

line departments—are responsible for direct execution of watershed interventions. They 

monitor activity completion, expenditure tracking, and community participation. PIAs also 

prepare progress reports, serving as a link between government structures and local 

institutions. 

Community/Village Level 

Watershed Committees, Self-Help Groups (SHGs), and User Groups lead participatory 

monitoring at the grassroots. They oversee asset creation, maintenance, and benefit 

distribution. Unit 4 emphasizes that participatory monitoring strengthens community 

ownership, enhances transparency, and improves sustainability. Gram Sabha reviews and 

social audits at this level also ensure that benefits reach marginalized groups. 

Together, these monitoring levels create a layered system of accountability. Information 

flows upward—from community to central government—while feedback and resources flow 

downward, ensuring corrective measures and policy alignment. This structure is crucial for 

adaptive management, allowing responses to both local needs and national priorities 

(FAO, 1995; Participatory monitoring, 2025). 

Table 14.2: Monitoring Levels and Key Responsibilities 

Monitoring Level Key Roles and Responsibilities 

Central/National 
Policy formulation, financial allocation, national reviews, 

WPMIS data consolidation, independent evaluations 

State 
Capacity building, technical backstopping, preparation of 

state progress reports, ensuring compliance with guidelines 

District 
Coordination across villages, fund management, integration 

with rural development schemes, supervising PIAs 

PIA (Project 

Implementation Agency) 

Execution of activities, monitoring of physical and financial 

progress, reporting, ensuring community participation 

Community/Village Watershed committees, SHGs, user groups, participatory 
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monitoring, social audits, asset maintenance, benefit 

sharing 

 

14.4 Project assessment and its needs  

Assessment is a systematic evaluation of project design, implementation, outcomes, and 

impacts. It is carried out at different stages: 

• Baseline assessment (before implementation). 

• Mid-term assessment (for corrections). 

• Ex-post assessment (after project completion). 

14.4.1 Importance of Project Assessment 

Watershed projects are multi-dimensional, aiming to improve natural resource 

management, agricultural productivity, and rural livelihoods, while also promoting equity 

and sustainability. Hence, project assessment is needed for the following reasons: 

Measuring Achievements 

Assessment provides evidence of the extent to which planned outputs and outcomes are 

achieved like reduction in soil erosion, rise in water tables, increase in crop yields have or 

household incomes. 

Ensuring Accountability 

Generally, watershed projects are funded primarily by public resources, therefore to 

ensure the effective utilization of funds and its benefits must reach to intended 

communities, including marginalized groups (World Bank, 2004). 

Learning and Improvement 

Assessments produce lessons or policies for future actions, emphasizing what was 

effective and what requires revision.  

Cause-and-Effect Analysis 
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Assessment determines whether reported changes are genuinely due to project 

interventions or are affected by external factors such as rainfall variability, market 

dynamics, or policy alterations. 

Sustainability of Benefits 

Watershed projects are frequently implemented for fixed duration, ongoing community 

involvement and long-term maintenance are essential to their effectiveness. Assessment 

determines if organizations, like Self-Help Groups and Watershed Committees, may 

continue to provide benefits beyond project completion. 

Equity and Inclusion 

Interventions at watersheds may unintentionally leave out vulnerable groups. Project 

evaluation makes sure that socially marginalised groups, women, and landless workers 

benefit from mechanisms like wage employment, diversification of livelihoods, and 

equitable water distribution. 

14.4.2 Need of Project Assessment 

Watershed projects assessment typically covers the following dimensions: 

• Environmental: Reduction in soil erosion, ensuring water availability, enhancement 

in vegetative cover, and biodiversity conservation. 

• Socio-Economic: variation in household income, diversification of livelihoods, 

reduction in migration, and sustainable access to services. 

• Institutional: Strengthening of local governance mechanisms, empowerment of user 

groups, and sustainability of community-based organizations. 

• Financial/Economic: Cost-effectiveness of structures, efficiency in fund utilization 

and assessment of long-term returns like Net Present Value (NPV), Internal rate of 

Return (IRR), Benefit -cost ratio (BCR). 
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Case studies  

Several watershed projects at national and international highlight the significance of 

systematic assessment as discussed below: 

• The Sujala Watershed Project in Karnataka combined biophysical monitoring with 

socio-economic assessments demonstrated integrated approaches enhance the 

holistic understanding of impacts (Watershed Development in India, 2024). 

• In Ralegaon Siddhi (Maharashtra), assessment revealed that long-term community 

mobilization and equitable benefit-sharing contributed to sustainability, highlighting the 

importance of social and institutional dimensions. 

• The Hiware Bazar watershed assessment showed significant rises in cropping 

intensity and household incomes, but also underlined the role of strong local 

leadership and community participation in sustaining outcomes. 

• Globally, FAO-supported watershed projects in Nepal and Kenya which demonstrated 

the role of participatory assessments enhance ownership and ensuring the 

marginalized communities are included in decision-making (FAO, 1995). 

4. Addressing Challenges in Assessment 

Despite its importance, watershed project assessment faces challenges like as discussed 

below: 

Need for Assessment

Assess Cost-

Effectiveness and

Sustainability

Identify Strengths and

Weaknesses

Measure Progress and

Achievements

Improve Planning and

Monitoring

Guide Future Policy

and Design

Ensure Accountability to 

funding agencies and 

stakeholders
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• Difficulty in measuring intangible benefits such as social capital, empowerment, and 

collective action. 

• Limited availability of baseline data against which progress can be measured. 

• Short project timeframes, which may be inadequate to capture long-term impacts. 

• Lack of trained personnel for conducting sophisticated evaluations (Unit 6, n.d.). 

Addressing these requires innovative approaches such as participatory assessment 

methods, triangulation of data sources, and the integration of modern technologies like 

remote sensing and GIS with community-led assessments. 

 

 

 

 

 

14.5 Project Assessment Techniques 

Project assessment in watershed management employs a variety of methods and tools, 

combining quantitative measurements with qualitative insights (Table 14.3). Since 

watershed projects aim to achieve diverse outcomes—ranging from soil and water 

conservation to livelihood enhancement and institutional strengthening—no single 

technique is sufficient. A combination of approaches is recommended to capture both 

tangible and intangible impacts (World Bank, 2004). 

1. Benchmark Surveys 

Benchmark surveys are conducted at the beginning of a project to establish baseline 

conditions. They collect data on land use, cropping patterns, soil quality, water availability, 

socio-economic conditions, and institutional arrangements. These benchmarks are later 

compared with mid-term and end-line surveys to measure change. 

2. Comparative Analysis (Before-After and With-Without Studies) 

Check your Progress 2 

Q1. Discuss the multiple level of watershed project? 

Q2. Which agencies are involved at PIA level? 

 Q3. What are the different stages of project assessment? 

Q4. Discuss the importance of project assessment. 

Q5. What are the challenges faced during the project assessment?  
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This involves comparing conditions before and after project implementation, or comparing 

treated areas with control (untreated) watersheds. This helps establish causal links 

between interventions and observed changes. 

3. Physical and Biophysical Measurements 

Direct measurement of soil loss, sedimentation, groundwater levels, and vegetation cover 

is essential for assessing natural resource impacts. Tools like remote sensing, hydrological 

modeling, and GIS mapping enhance accuracy and coverage. 

4. Socio-Economic Surveys 

Household surveys, focus group discussions, and participatory rural appraisals (PRA) 

assess changes in income, assets, employment, and access to services. They also 

capture community perceptions of benefits and challenges (FAO, 1995). 

5. Participatory Assessment Methods 

Community-driven tools such as social audits, participatory scorecards, and Gram Sabha 

reviews ensure accountability and transparency. They help ensure that marginalized 

groups (women, landless, SC/ST communities) benefit equitably. 

6. Monitoring and Information Systems 

The use of digital MIS platforms, such as the Watershed Project Monitoring and 

Information System (WPMIS), enables real-time data collection and analysis. These 

systems can integrate GIS, satellite data, and financial progress reports for more 

comprehensive monitoring (Unit 4, n.d.). 

7. Economic and Financial Evaluation 

Economic analysis ensures that watershed interventions are cost-effective and 

sustainable. Two major categories of techniques: 

1. Undiscounted Methods 

• Payback Period: measures the time required to recover investment costs. 

• Return per Rupee Invested: measures the ratio of benefits to costs without time 

adjustment. 
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2. Discounted Methods 

• Net Present Value (NPV): calculates the present value of benefits minus costs 

over time. 

• Internal Rate of Return (IRR): the discount rate at which benefits equal costs. 

• Benefit–Cost Ratio (BCR): compares the present value of benefits to the present 

value of costs. 

These tools help policymakers decide whether investments in watershed management are 

economically viable and socially beneficial (Little and Mirrlees, 1978). 

8. Impact Assessment 

Impact assessments evaluate long-term outcomes such as improved food security, 

reduced poverty, and enhanced ecosystem services. They may also include environmental 

and health impact assessments, particularly where watershed projects influence drinking 

water quality or sanitation. 

Table 14.3: Techniques for Watershed Project Assessment 

Technique Focus Area Examples/Applications 

Benchmark Surveys Establishing baseline conditions 
Sujala project surveys 

(Karnataka) 

Comparative 

Analysis 

Before-after and with-without 

comparisons 

Hiware Bazar watershed vs 

untreated villages 

Physical/Biophysical 

Measures 
Soil, water, vegetation, land use Remote sensing, GIS mapping 

Socio-Economic 

Surveys 

Income, assets, employment, 

perceptions 
Household surveys, PRA 

Participatory 

Assessments 
Transparency, equity, inclusion 

Social audits, Gram Sabha 

reviews 

MIS and Digital 

Tools 

Real-time monitoring and 

reporting 
WPMIS, GIS-integrated MIS 

Economic 

Evaluation 
Cost-benefit, financial viability NPV, IRR, BCR calculations 

Impact Assessment Long-term sustainability and Poverty reduction, ecosystem 
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well-being services 

 

Summary 

• Role of Observation and Assessment: Monitoring and evaluation are essential in 

watershed projects to ensure accountability, track progress, measure impacts, and 

enable adaptive management. 

• Key Indicators: Indicators for monitoring include physical (soil conservation, water 

storage), natural resource (groundwater, biodiversity), socio-economic (income, 

assets, employment), human (education, health, training), and financial/economic 

(NPV, IRR, BCR). 

• Levels of Monitoring: A multi-tier monitoring structure functions from the 

central/national level (policy, funding, MIS systems), through state and district 

agencies (capacity building, coordination), down to Project Implementing Agencies 

(PIAs) and village institutions (participatory monitoring, social audits). 

• Need for Project Assessment: Assessment provides evidence of project 

achievements, ensures effective fund utilization, identifies lessons for future projects, 

evaluates sustainability of interventions, and ensures equitable benefit-sharing across 

communities. 

• Assessment Techniques: Methods include benchmark surveys, before-after/with-

without comparisons, biophysical measurements (soil, water, vegetation), socio-

economic surveys, participatory methods (Gram Sabhas, social audits), digital MIS 

systems (WPMIS, GIS), and economic analysis tools (NPV, IRR, BCR). 

• Sustainability & Learning: Combining scientific evaluations with community-driven 

monitoring ensures stronger ownership, transparency, and long-term ecological and 

livelihood improvements. 
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