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• A watershed is an area of land that drains or “sheds” 

water into a specific waterbody. Every body of water 

has a watershed. Watersheds drain rainfall and 

snowmelt into streams and rivers. These smaller 

bodies of water flow into larger ones, including lakes, 

bays, and oceans. Gravity helps to guide the path that 

water takes across the landscape. 

 

• Not all rain or snow that falls on a watershed flows out 

in this way. Some seeps into the ground. It goes into 

underground reservoirs called aquifers. Other 

precipitation ends up on hard surfaces such as roads 

and parking lots, from which it may enter storm drains 

that feed into streams. 

 



Size of Watersheds 
• Watersheds can vary in size. A watershed for a tiny mountain creek might be as small as a few 

square meters. Some watersheds are enormous and usually encompass many smaller ones. The 

Mississippi River watershed is the biggest watershed in the United States, draining more than three 

million square kilometers (one million square miles) of land. The Mississippi River watershed 

stretches from the Appalachian Mountains in the east to the Rocky Mountains in the west. Thirty-one 

U.S. states and two Canadian provinces fall within the Mississippi River watershed. 

Source: Darghouth et al., 2008; Watershed management approaches, policies, and operations: lessons for scaling up. 
Water Sector Board Discussion Paper Series No. 11. Washington, DC, World Bank. 



Hydrologic Cycle 
• The hydrological cycle is generally defined 

as a conceptual model describing the 

storage and circulation of water between 

the biosphere, atmosphere, lithosphere, 

and the hydrosphere. 

• Hydrological cycle is a continuous 

movement of water between hydrosphere, 

atmosphere, and lithosphere in a cyclic 

manner. Movement of water occurs from 

one reservoir to another through physical 

processes such as evaporation, 

condensation, precipitation, infiltration, 

and surface runoff. Earth’s surface is 

covered by 70% water which amounts to 

1.4×1018 m3. Out of this, 97% reside in 

oceans as saline water and 3% constitute 

the fresh water sources such as rivers, 

lakes, glaciers, permanent snow and 

groundwater aquifers.  



Characteristics of watershed 

• Physiographic Characteristics - Size, Shape, Slope, Drainage Density, Elevation, 

Land use, Vegetation Cover, Soil, Geology, Hydrology, Hydrogeology 

 

• Climatic Characteristics - Rainfall & its movement, Intensity, Duration, Temperature, 

Wind Velocity, Humidity, Transpiration, and Evaporation 

 

• Socio-economics Characteristics - Statistics on people and their health, wants & 

wishes, Cattle and Farming practices, People Participation 

 

Each and every watershed has distinct characteristics of its 
own. 



Physiographic Characteristics 
• Land Use 

 Agricultural 

 Habitat centers 

 Mountainous 

 Forest  

 Rangeland 

 Desert 

 Coastal or marsh, or 

 Mixed - a combination of 

two or more of the 

previous classifications 

 



….. Physiographical Characteristics 

Vegetation Cover – Vegetation cover retard the flow and increases the infiltration and interception, 

there by reducing the peak flow; Vegetation cover protects the soil erosion; Detailed information on vegetation 

helps in choosing type, mode and manner of greening the watershed 

 
Soil – The soil such as sand absorbs a larger part of run-off water, so the rate of flow is 

less. Clay soil produces more flow as its absorption is less. Soil parameters such as depth, nature, moisture and 

fertility determines crops  

 

Geology - Rocks and their structure control formation of a watershed itself because their nature determines size, 

shape, physiography, drainage, and groundwater conditions. Geological conditions affects the run-off of 

watershed. If there are some cracks in rocks joining surface water and groundwater, a part of water flows quickly.  

underground. Lakes, Storages, Swamp hold a part of excess rainfall 
 

 
Hydrology - The availability, quality and distribution of surface water is basic to the final goal of 

growing greenery in a watershed. Hydrological parameters such as intensity and duration of rainfall help in 

quantification of water available in watershed. 

 

Hydrogeology - The information about aquifer such as nature, thickness and characteristics 

should be known for better planning of watersheds. 



….. Physiographical Characteristics 

Watershed Area – The area of watershed is also known as the drainage area and it is the most important watershed 

characteristic for hydrologic analysis. It reflects the volume of water that can be generated from a rainfall. Once 

the watershed has been delineated, its area can be determined by approximate map methods,   planimeter or GIS 

 
Watershed Slope – Watershed slope affects the momentum of runoff. It reflects the rate of change of elevation 

with respect to distance along the principal flow path. It is usually calculated as the elevation difference between 

the endpoints of the main flow path divided by the length. 
 
Watershed Shape - is reflected by a number of watershed parameters as:  

Form Factor -The area of the basin divided by the square of axial length of the basin 

Shape Factor - The drainage area divided by the square of the main channel length 

Circularity Ratio - The ratio of basin area to the area of a circle having the same perimeter as the basin 

Elongation Ratio - The ratio of the diameter of a circle of the same area as the basin to maximum basin length 

Compactness Coefficient - The perimeter of the basin divided by circumference of equivalent circular area 

 
Watershed Length - Length can be defined in more than one way: 

1.The greatest straight-line distance between any two points on the perimeter 

2.The greatest distance between the outlet and any point on the perimeter 

3.The length of the main stream from its source (projected to the perimeter) to the outlet 

 
Source: WP&M: Lesson 5 Watershed Characteristics: Classification and Measurement (iasri.res.in) 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=409


Climatic  and socio economic characteristics 

Climatic Characteristics – Climatic condition depends on Temperature, Wind Velocity, and Humidity 

Transpiration, Evaporation, and Evapotranspiration depends on Climatic Condition 

 
 
 
 
 
 
 
 

Socio-economics Characteristics – Statistics on people and their health, wants & wishes, Cattle and 

Farming Practices, People Participation, Needs, Incomes, Costs, Livelihoods, Insurance support system etc.  

 

 

 

 

 

 

 



Watershed Degradation 

A watershed is the area that drains to a common outlet. 

It is the basic building block for land and water 

planning. Degradation of watersheds in recent decades 

has brought the long-term reduction of the quantity and 

quality of land and water resources. Degradation 

results from a range of natural and anthropogenic 

factors, including natural soil erosion, changes in 

farming systems, overgrazing, deforestation, and 

pollution. Depletion of soil productivity, sedimentation 

of water courses, reservoirs and coasts, increased 

runoff and flash flooding, reduced infiltration to 

groundwater, and water quality deterioration are 

among the main negative impacts of watershed 

deterioration. The combination of environmental costs 

and socioeconomic impacts has led to the development 

of watershed management approaches. 



…..Watershed Degradation 

• Changes in farming systems in the watershed are commonly a very significant contributor to watershed degradation. 

These changes come about through pressures on the typically poor farming systems that prevail in uplands in 

developing countries. In some countries; Yemen, for example, the maintenance of age-old terraces for cereal 

production is no longer economic. 

 

• Overgrazing; Livestock plays an important role in the economy of watersheds in developing countries. Typically 

pastoral systems or mixed agropastoral systems may predominate in upper watersheds and on the steeper slopes. 

Demographic and economic pressures often drive domestic livestock stocking rates above the carrying capacity of the 

relevant area, leading to overgrazing. 

 

• Deforestation can be caused by expansion of cultivated areas, unsustainable fuelwood and timber harvesting, 

bushfires, and the development of settlements and infrastructure. Deforestation and clearance of vegetation will 

generally result in an increase in annual runoff from watersheds, with reduced annual evapotranspiration, increased 

peak flows, and increased base flow. 

 

• Expansion of the road network can have as great an impact on watersheds as farming or herding. Road construction 

removes vegetation, leaving the area susceptible to surface erosion. 



…..Watershed Degradation 

• Soil erosion, sedimentation of water courses, reservoirs, and coasts, increased runoff and flash flooding, reduced 

infiltration to groundwater, and water quality deterioration are among the main negative impacts of watershed 

deterioration. 

 

• Sedimentation too is a natural phenomenon, but human activities such as cultivation, grazing, or road construction 

within a watershed often disturb the equilibrium between materials delivered to a stream and its carrying capacity. The 

main consequences are decreased water quality and reduced capacity of water bodies, both natural and manmade. 

 

• Transportation of eroded soils by runoff, pollution from agricultural fertilizers (especially phosphorus and nitrogen) 

and pesticides, and the disposal of domestic, animal, and industrial wastes tend to be the principal causes of water 

quality degradation in rural watersheds. 

 



Watershed Management/Development 

• Watershed management is a term used to describe the process of implementing land use practices and water 

management practices to protect and improve the quality of the water and other natural resources within a watershed 

by managing the use of those land and water resources in a comprehensive manner 

 

• The origins of modern watershed management can be traced to several parallel and independent movements: the 

restoration of the Alps, which started in the last quarter of the 19th century; the conservation movement in the United 

States in the 1930s; and the watershed rehabilitation activities of colonial governments in Africa. 

 

• The watershed management approach became prominent in developing countries in the 1970s in programs designed 

to improve upland natural resource management in order to protect downstream resources and infrastructure. 

 

• For example, in 1976 Indonesia created a National Watershed Development Program (Regreening and Reforestation). 

From the mid-1970s, Brazil launched soil conservation programs that evolved by the mid-1980s into the Integrated 

Soil and Water Management Program in Microcatchments. In 1990 India created the National Watershed 

Development Program for Rainfed Areas. 



Improvement of Watershed Management 

• In the 1970s and 1980s, an “engineering” approach characterized the first generation of watershed 

management programs. During that period, watershed management projects were largely conceived as 

technical packages with purely physical measures designed to manage soil and water resources in 

medium or large river valleys and to stabilize uplands through erosion control infrastructure. 

 

• The objectives were to prevent rapid runoff of water, slow down siltation of reservoirs, and limit the 

incidence of potentially damaging flash flooding. Targets were fixed in relation to physical outputs 

rather than economic and natural resource outcomes, and a top-down planning approach was generally 

adopted. 

 

• The projects were often managed from centralized units. These units were generally poorly placed to 

react to complex and highly specific local conditions, and managers were unable to react to lessons 

learned during implementation. 

 
• Targets were fixed in relation to physical outputs rather than economic and natural resource outcomes, and a 

top-down planning approach was generally adopted 



Watershed selection for local intervention 

• A watershed is thus not only a hydrological unit but also a socio-ecological entity which plays a crucial 

role in determining food, social and economic security and provides life support services to rural people 

 

• size is not a factor in the definition of a watershed, there is no universally agreed system to classify 

watersheds by size. 

 

• In relation to the regular annual planning of interventions in national watershed programmes, Maxted, 

Diebel and Vander Zanden (2009) present an interesting framework for exploring how trade-offs among 

individual watershed size, the total number of watersheds and the amount of investment within the 

watersheds can affect the overall utility of watershed management. 

 

• As programme budgets increase, the number of watersheds should increase most quickly, followed  by 

watershed size and then by management effort. This framework, developed for interventions to reduce 

agricultural non-point source pollution to improve water quality in the United States, may be of limited 

suitability in many developing countries, especially where there is no national watershed management 

programme in place. 



…...Watershed selection for local intervention 

• In some countries such as Tajikistan, 

Tanzania and Zambia selected the village 

as their basic management unit, since their 

focus was on promoting community 

development, food security and livelihood 

improvement, to which a watershed 

management component was added later. 

 

• The size of selected watersheds are differ 

in each country: Kyrgyzstan selected a 

watershed for training and demonstration 

purposes. While the watershed had a total 

area of nearly 10 000 ha, Iran selected the 

size from 5000 to 20000 ha, Ecuador: 

50000 ha, Mauritania: 20000 ha and …. 

 



…..Watershed selection for local intervention (Important) 

• Interventions should be targeted to watersheds with human-induced degradation of natural resources 

and potential for physical restoration. 

 

• The watershed should be diverse in land-use pattern, products and problems to be addressed. 

 

• Appropriate watersheds are those where local communities show openness to change and a clear 

interest in participating in the planning and implementation of project activities. 

 

• Government line agencies and local entities should demonstrate commitment and support. 

 

• The watershed should include high-value areas downstream that need protection. 

 



Moving from project beneficiaries to watershed stakeholders 

• Specific target groups for rural development or natural resource management interventions are usually 

farmers, nomadic herders, women or female-headed households and, more recently, rural youth. 

Beneficiaries are the individuals, groups or organizations that will benefit directly or indirectly from the 

activities carried out during the intervention.  

• RECOMMENDATIONS: 

 A careful and inclusive stakeholder analysis is required at an early stage in the process. Some sort 

of stakeholder analysis is needed during project formulation for preliminary identification of the 

project’s expected beneficiaries and the key actors to be involved. 

 The targeting of beneficiaries needs to be based on transparent criteria, and direct and indirect 

project beneficiaries should be clearly distinguished. The selection of potential project 

beneficiaries needs to be based on an accurate and comprehensive consideration of the local 

context in social, economic, environmental and institutional terms, avoiding generic descriptions 

and unrealistic expectations to reach all and sundry. 

 A clear targeting strategy should be developed to identify specific actions for each group of 

beneficiaries under each relevant output. 

 Fostering the inclusion of young people as key project beneficiaries requires concrete and well-

targeted actions. 



Soil and water conservation Measures 

Soil and water conservation are those activities at the local level which maintain or enhance the productive 

capacity of the land including soil, water and vegetation in areas prone to degradation through 

 to control runoff and thus prevent loss of soil by soil erosion, to reduce soil compaction; 

 conservation or drainage of water  

 to harvest (excess) water and  

 maintenance or improvement of soil fertility 

 



Physical Soil and Water Conservation Measures 

Physical measures are structures built for soil and water 

conservation. Some principles should be considered. 

They should aim toto control runoff and thus prevent loss 

of soil by soil erosion, to reduce soil compaction; 

 increase the time of concentration of runoff, 

thereby allowing more of it to infiltrate into the 

soil; 

 divide a long slope into several short ones and 

thereby reducing amount and velocity of surface 

runoff;` 

 reduce the velocity of the surface runoff; 

 protect against damage due to excessive runoff  

 



Physical Soil and Water Conservation Measures 



Biological Soil and Water Conservation Measures 

Biological measures for soil and water conservation 

work by their protective impact on the vegetation cover. A 

dense vegetation cover 

 prevents splash erosion; 

 reduces the velocity of surface runoff; 

 facilitates accumulation of soil particles; 

 increases surface roughness which reduces 

runoff and increases infiltration; 

 the roots and organic matter stabilize the soil 

aggregates and increase infiltration 

 



Agronomic Soil and Water Conservation Measures 

Agronomic conservation measures function by 

 

 reducing the impact of raindrops through 

interception and thus reducing soil erosion and 

 increasing infiltration rates and thereby reducing 

surface runoff and soil erosion 



Participatory approach in Watershed Management 

• Participatory approaches and community 

watershed management plans have been widely 

used with varying success in reconciling the overlay 

of human activity on naturally defined watersheds. 

 

• Recent years have seen a move in watershed 

management programs from top-down approaches 

to participatory approaches designed to create 

ownership. 

 

• Key requirements for success in implementing 

participatory approaches are careful sequencing, 

inclusion of all stakeholders in the process, political 

commitment, public agencies that understand the 

rationale and process of participation, and 

sustained capacity building at all levels for both 

stakeholders and public agencies. 



Integrated Watershed Management (IWM) 

• Integrated watershed management is the process 

of managing human activities and natural 

resources on a watershed basis, taking into 

account social, economic and environmental 

issues, local community interests and issues such 

as the impacts of development and climate 

change. 

 

• Integrated Watershed Management is a flexible 

process that has to be adapted to the unique 

characteristics of distinctive watersheds and to 

changing conditions within individual watersheds. 

 

• Watershed‐based planning aims to balance 

environmental goals with socio‐economic and 

political goals within the watershed considered. 

 



Integrated Watershed Management (IWM) 

IWM is based on five principles that align with Conservation Authority watershed plans 

 Watershed-based, informed by science 

 Requires us to manage natural resources and human activities together 

 Considers the interests and needs of not just the environment but also the economy and society because they are 

connected and impact each other in good and bad ways 

 Relies on an adaptive management approach which establishes a plan, implements the plan, monitors and reports, 

and then re-evaluates and updates the plan, if necessary 

 Needs collaborative governance at many levels for shared decision-making and priority setting 



Thank You 
hr.solaymani@frw.ir 


