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Summary 

 
The Background 

 

The Government of Balochistan adopted the Integrated Water Resource Management policy 

in 2006 with support from Asian Development Bank (ADB). The Balochistan Water Resources 

Development Sector Project (48098-002), BWRDSP, is being implemented with financial and 

technical assistance from ADB to improve irrigation infrastructure and water resource 

management in Balochistan, Pakistan.  The project will support implementing the integrated 

water resource management policy of the Government of Balochistan. The policy provides a 

comprehensive framework that will help the province address the water management and 

development issues in the context of basin wide approach, with water harvesting and 

groundwater recharging as an integral part of watershed management (ADB, 2018, Project 

Administration Manual, ADB, p1).  

The project’s integrated watershed management initiative for the Siri Toi Watershed within the 

Zhob basin, along with other detailed measures, will help protect the watershed. ADB’s 
technical assistance on “Protecting and Investing in Natural Capital in Asia and the Pacific” 
(TA-9461) supports this initiative by engaging watershed management and Geographic 

Information System and Remote Sensing (GIS/RS) experts to assist in developing this 

participatory Siri Toi Integrated Watershed Management Plan. During the planning process, 

the Bank, in consultation with the Project Management Office (PMO), employed an additional 

resource person to conduct a ground-truthing exercise involving a validating and consultation 

process. A series of focus group discussions (FGDs) were held with watershed communities 

and government agencies to help validate the plan.  

 

Objective 

 

This report presents the Integrated Watershed Management Plan (IWMP) proposed for the 

Siri Toi Watershed in the Zhob river basin in Balochistan. In addition, a strategy and process 

for stepwise Implementation of IWMP focusing on Pilots in selected sub-watershed(s) 

is proposed (see p XIV and Chapter 7).  

A major objective of managing the Siri Toi watershed is to maintain or enhance the water 

supply to the reservoir, while protecting the natural resource base through the effective 

management of soil erosion, sediment transportation and related factors in the watershed. 

The IWMP recommends interventions to enhance baseflow, which accounts for a large 

proportion of total streamflow. As the Siri Toi watershed provides livelihood support to its 

communities, it is suggested that the maintaining or enhancing the downstream steam flow 

should be accomplished while improving the livelihood of watershed communities, possibly 

through increasing productivity of “land and water” use. Protecting ecosystems and 
maintaining ecological integrity is also an important objective in watershed management. In 

this context, it is proposed that, the following major competing demands should be considered 

in developing a watershed management strategy in water-tight and degraded arid and semi-

arid areas like Siri Toi, where the watershed resources “are being used” by “settlers” (and, 
often, nomadic migrants): 

https://www.adb.org/projects/48098-002/main
https://www.adb.org/projects/48098-002/main
https://www.adb.org/projects/50159-001/main
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(i) Maintaining or enhancing the downstream steam flow to meet demand (for example, 

land and water users in the command area), 

(ii) Improving livelihood of watershed communities through increasing productivity of 

watershed resources, mainly “land and water”, and 

(iii) Conservation of natural resources to maintain ecological integrity.  

This will be a challenging task in water-tight watersheds in arid and semi-arid areas. 

It is recommended to initiate as many interventions as possible. However, some interventions 

would be completed within the lifespan of the BWRDSP while others would be continued 

beyond the project. The first category of “short-term” interventions include the following: 

creating awareness about “good practices”, “pilot” projects in a few selected sub-watersheds 

and/or micro-watersheds, the construction of selected physical infrastructure (like check 

dams, storage and percolation tanks) in critical locations, mobilizing watershed users for 

mutually beneficial Collective Action (CA), the formation of small groups for the selected CAs 

and initiating the formation of Watershed Users’ Organizations (WUOs), other institutional 

arrangements, preliminary policy and legal measures (like usufructuary rights) as well as initial 

capacity building of both WUOs and government agencies. The project-initiated conservation-

based production processes including forest plantations managed by the Forest Department, 

community forestry, ecological farming systems (with livestock integration and sustainable 

Rangelands management) would be continued beyond the project period.  

 

The Major Steps, Planning Process, and Proposed Interventions  

The major steps of the planning process include the analysis of present status, the need for 

an integrated approach, the intervention strategy, the engineering and non-engineering 

interventions, and the proposed implementation process focusing on community-driven micro-

watershed management. This also include and highlights the collaborative partnerships 

between the users with government agencies, and participatory monitoring. All these are 

outlined as follows:  

1. Examining the present status of the Siri Toi Watershed using GIS/RS methods and 

Ground truthing work. 

2. Identifying the degraded areas for improvement and rehabilitation, and the types and 

sites of watershed infrastructures using GIS/RS-based methods (shown in the Flow-

chart-Figures S1 & S2). Figure S3 shows the proposed types and sites of Watershed 

Infrastructure with Land Suitability in the background.  

3. Demarcating and “Ranking” sub-watersheds within the Siri Toi Watershed according to 

an Index developed based on the degree of land degradation and population density 

(Figure S4). In addition, the micro-watersheds within sub-watersheds have been 

identified and ranked (Figure S5). 

4. Defining micro-watershed (MW) considered as a manageable “Base Unit” for the base-

level WUO. Population distribution, land suitability, and the proposed infrastructure and 

contours of Micro-watershed No. 5 of Siri Toi sub-watershed are shown in Figure S6. 

5. Upscaling and “Extrapolating” the Siri Toi Integrated Watershed Management Plan 

experience: the methodology developed for identifying degraded land areas and spots 

for rehabilitation, land suitability, and the types and sites for watershed infrastructure 

has been adopted for greater Zhob and Mula basins too.  Similar to Siri Toi, settlers and 

migrants are utilizing the resources in the greater Zhob and Mula basins. Ground-

truthing work of the project conducted Focus Group Discussions (FGDs) and identified 
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the key resource use characteristics and living standards of watershed communities and 

the migrant nomadic groups. Therefore, the adaptation of ‘participatory integrated 
watershed management strategy’ is proposed.   

 

 
       Figure S1: Watershed Infrastructure: identification and spatial distribution  

 

 
    Figure S2: The Land Suitability map generation process 
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                            Figure S3: The types and sites of Watershed Infrastructure with Land Suitability  



 vii 

 
                       Figure S4: “Priority ranking” of Siri Toi sub-watersheds for rehabilitation and watershed improvement  



 viii 

 
                         Figure S5: Micro-watersheds within sub-watersheds: Siri Toi Sub-Watershed 2 is shown   

 



 ix 

 
       Figure S6: Micro-watershed Ranked 5 of Siri Toi Sub-Watershed (SW)-2 (labelled as ST-SW2-MW5), with Watershed Infrastructure, Land Suitability, 

population distribution, stream network and the 10m Contour – First and second levels sites of infrastructure (indicated by two sizes of 

same symbol) 
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The Present Status of the Siri Toi Watershed  

 

The current status of the Siri Toi Watershed can be summarized as below: 

• Degraded watershed: In general, the natural resources, mainly the land and land 

cover, including vegetation and forest area, are deteriorated. Declining soil fertility is 

evident. 

• Watershed degradation is mainly due to mountainous terrain and associated dendritic 

drainage pattern, unfavorable climate, arid and semi-arid area, water scarcity-

seasonal low rainfall, and high and fluctuating temperatures.  

• This is aggravated because of watershed community activities, including overgrazing 

of their herds. Runoff and sediment transport are inadequately managed.  

• Inadequate Collective Action (CA) and un-organized community involvement in 

conservation-based production, (watershed users') lack of awareness on resources, 

and the difficulties faced by watershed communities such as inadequacies in 

information on novel methods of conservation-based market-oriented production, and 

associated factors like transport problems, prices of inputs and outputs, and markets, 

contribute to this state of degradation. 

 

The Need for Integrated Participatory Strategy 

 

It is evident that, the undesirable environmental effects of the Siri Toi Watershed are caused 

mainly due to:  

(i) its hilly terrain, characterized by “dendritic drainage pattern” and aggravated by the 

ecologically unfavorable climatic conditions, and  

(ii) the cumulative effects of the actions of “people” and their livestock.  
 

The second category's degradation effects are typical of a non-point source and cannot be 

effectively dealt with using the point source control mechanisms alone. For example, erosion, 

a consequence of inappropriate cultivation practices and undesirable stocking rates, has 

majorly contributed to the undesirable environmental effects on the Siri Toi Watershed.   

 

Unless these users are informed, motivated, and organized to adopt conservation-based 

production, environmentally inappropriate decisions will continue to be made. Implementation 

of this requires support and collaboration from the government. For example, through 

Collective Action, the watershed users would be able to construct and maintain many minor 

Watershed Infrastructures. However, it is difficult for them to construct and maintain certain 

heavy physical infrastructure. This is due to the advanced technology required or the heavy 

cost involved.  Similarly, the “reserved or protected forest plantations” in steep slopes may be 
managed exclusively by the Forest Department. Community forestry could be in other areas. 

 

Nested subsystems: How the land and water in the upper parts of the watershed are used 

affects its use downstream. Watershed is a hydrological unit composed of sub-watersheds. 

Micro and mini -watersheds are nested within sub-watersheds (Figures S4, S5 and S6). 

Therefore, the integrated participatory management approach of the Siri Toi Watershed takes 

into account the linkages between these “nested” subsystems and aims at optimizing 
watershed-wide (land and water) use efficiencies. It consists of a planning process involving 

the hierarchically nested hydrological units and a “matching network” of users’ organizations. 

Collaborative relationships between these organizations and the relevant government 

agencies, as well as mutually beneficial partnerships between users’ organizations and the 
private sector, are also proposed. The planning and implementation method and strategy 
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needs to cover the complete network of hydrological units including sub-watersheds and even 

up to its highest order, namely, the river basin. It is beneficial to link the users’ organizations 
of the upstream watershed and downstream or irrigation command areas. This provides a 

robust framework for natural resources management. It is also essential to establish an 

institutional framework that satisfies the interests of resource users in all segments of the 

watershed while conserving the natural resources.   

 

A mix of engineering and non-engineering measures: The proposed interventions consist 

of a “mix” of engineering and non-engineering measures. Civil works such as check dams, 

infiltration galleries, as well as small earthen bunds, storage, and percolation tanks, are 

categorized as “engineering interventions”. Non-engineering interventions include mainly 

nature-based solutions (NbS) such as vegetative barriers, and conservation-based farming 

such as contour planting. Hence, as indicated in Figure S7, an integrated participatory 

collaborative strategy is suggested. 

 

Enhancing the Baseflow 

 

The Siri Toi Integrated Watershed Management Plan addresses the issue of enhancing the 

baseflow; the recommended approach will be “mutually beneficial” to both watershed and 
command area users.  For this, a wide range of biophysical interventions for soil and water 

conservation, including the management of run-off and sediment transport, and enhancing the 

baseflow and groundwater recharge are also proposed. These interventions include the 

following:  

a) Check dams and other structures for managing runoff and sediment flow,  

b) Water harvesting structures for crop and livestock production, and domestic use,  

c) Conservation-based ecological farming including water and time saving productive 

practices like System of Crop Intensification (SCI) coupled with contour-based planting 

and other conservation methods,  

d) Integrated pest and nutrient management which would also be useful in minimizing 

downstream pollution,  

e) Enhancing forest cover (Forest Department-managed “protected forestry” and social 
forestry including fruit trees by communities with appropriate usufruct rights), and  

f) Additional mechanisms for groundwater recharge.  

 

Geo-referenced sites for selected Siri Toi Watershed Infrastructures are in Appendix 2.  

 

A Participatory Approach 

 

A participatory approach involving organized Collective Action (CA) by the watershed 

community is proposed as a major intervention. A participatory process, including Monitoring 

and Evaluation (M&E), with Self-M&E by WUOs, is developed for community-based micro-

watershed management. A “shared watershed management strategy” is suggested, with 
“Government Agency-Watershed Users’ Organization (WUO) collaboration”. Matching 

institutional arrangements with a Network of Watershed Users’ Organizations (WUOs) are 

suggested. Except for heavy physical structures like large check dams and special aquifer 

recharge mechanisms, the construction and maintenance of WUO and community-level minor 

structures may be assigned to Watershed Users’ Organizations (WUOs) with technical 
support. Community-driven CA in Nature-based Solutions including “green infrastructure” is 
encouraged. The participatory strategy is a fundamental principle beneficial to watershed 

management; however, the process could be “adapted” to suit the specific conditions of the 

greater areas of Zhob and Mula, and other similar areas. 
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Integrated participatory management of the Siri Toi Watershed involves planning, 

implementing, monitoring and adjusting, and evaluating a course of action involving natural, 

human, and other resources. Chapter 5 presents the collaborative participatory process of 

“shared management” of Siri Toi (and similar watersheds). WUO-managed Collective Action 

in managing micro-watersheds is the focus. Role and functions of the collaborating 

(government) implementing agencies include:  

a) The management of “reserved forests”.  
b) Guiding and providing technical assistance to WUO-managed activities: e.g., a) 

constructing and maintaining heavy physical infrastructure, b) agroforestry and other 

conservation-based production practices, and c) deciding the role and functions, and 

managing an external facilitating body (like a Non-Government Organization, at the initial 

stages) are also discussed. 

 

Depending on land suitability identification, more sensitive and highly vulnerable areas would 

be exclusively for Forest Department-managed “reserved forest”; next would be given to 
Forest Department-guided agroforestry by the community. There would also be conservation-

based ecological farming, including livestock integration in other areas. Participatory 

monitoring and assessment too will be adopted. 

 

The aggregate of all “micro-watershed plans” (or the WUO Plans) would serve as the 

watershed plan for a greater area. During the implementation process, a detailed Field Guide 

needs to be prepared. Such an exercise is beyond the present scope. 

 

 

The “Way Forward” 

 
The Holistic Watershed Management Strategy 

 

The holistic management strategy of the Siri Toi catchment area blends four crucial 

approaches: 

• Hydrological units as the primary planning, implementing and coordinating entities,  

• Biophysical conservation measures (a mix of both engineering and non-engineering),  

• Agroecological production system aimed at “conservation-based production”, and 

• Social capital focusing on community Collective Action as the primary driving force. 

 

This strategy or the Way Forward is illustrated in Figure S7. 
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Figure S7: Major intervention areas for integrated management – An illustration 

It is proposed to establish mechanisms to ensure a sustainable strategy for watershed 

management focusing on profitable natural resource conservation1. The critical 

mechanisms required to plan and implement interventions and achieve sustainable watershed 

management include the following:  

• A strong network of WUOs with a joint action plan with government agencies for 

ecological land and water use.  

• WUO-managed collective and coordinated interventions, especially at micro-

watershed level, through a participatory process. 

• Stabilize planned ecological land use zones with adequate soil and water conservation 

measures: e.g., managed Rangelands, Forest Department-managed forests in steeper 

slopes, social forestry (with fruit trees, medicinal plants, and the likes), and ecological 

seasonal crops (short season legume species including food and cover crops).  

• Stabilize improved livestock feeding system (e.g., managed Rangelands with fodder, 

perennials coupled with rotational and zero-grazing practices in dry months with 

planned and processed feed storage system). 

 

 
1 for present and future generations 
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• Establish mutually agreed watershed resource use patterns with (regular) nomadic 

migrant groups to avoid overgrazing resulting in soil erosion and decline in soil fertility, 

and to avoid conflicts.  

• Experiential capacity building based on Farmers (or watershed users’) Field Schools 
(FFSs) and similar approaches focusing on erosion and sediment control, rainwater 

harvesting, and ecological methods of production with soil management, will help manage 

impacts of increasing weather variability and climate change.  

• Institutionalized links with Balochistan agriculture knowledge system including action 

research, extension, credit and banking. 

• Technology-led growth, including information systems related to input-output prices, 

markets, enhancing storage and transport facilities, and expanding renewable energy 

generation within watersheds.  

• Linking WUO network with downstream Water User Association (WUA) network; “A 
dialogue between the Siri Toi Watershed and the command area” to develop a mutually 
beneficial plan, reach consensus, and adhere to mutually beneficial action. 

• Diversified (but ecosystem resilient) activity for watershed communities.  

• Gender and social stratification sensitive approaches to reach all the community 

members. E.g., income-generating activities for women, and diversified income-

generating opportunities like agroforestry with usufruct rights (irrespective of social or land 

ownership status). 

• Continuous collaboration between WUO network and relevant government 

agencies. E.g., Forest Department-guided social forestry, seedling nurseries for a 

continuous supply of seedlings, and collaborative mechanisms with the Department of 

Irrigation for operation and maintenance of Watershed Infrastructure.   

• Mutually beneficial partnerships between WUOs and private sector business 

partners and service providers. 

• Supporting policy and regulatory mechanisms. 

• Scientific evidence-based monitoring and assessment: Participatory Performance 

Assessment and Target Setting (PPTA) based on objectively verifiable indicators linked 

with government agency-managed monitoring and assessment. Monitored 

demonstrations of upscaling the Siri Toi strategy (extension of the Siri Toi integrated 

watershed management strategy and process), learn and document lessons, progress, 

and impact. Modify through continuous learning – “A learning process approach”.   
 

In summary, the proposed Siri Toi Integrated Watershed Management Plan and strategy is 

primarily based on a “mix” of engineering and non-engineering interventions. The latter 

includes management interventions to reconcile production and conservation goals 

using production and conservation technologies. The strategy proposes an ecologically 

sound resource use pattern to maintain ecological integrity of the degraded watersheds 

and internalize a mechanism to sustain human-environment relationship. Considering the hilly 

terrain associated with dendritic drainage pattern and the heavily degraded condition of the 

Siri Toi Watershed, government involvement in designing and constructing certain heavy 

watershed infrastructure in critical locations would be an urgent need. Such efforts and the 

community-led watershed bio-physical infrastructure are considered to be complementary to 

each other. 

 

A participatory collaborative process is also proposed, and its importance highlighted. It is 

suggested that watershed users should be convinced of the need for sustainably managing 

natural resource bases to ensure the continuous flow of nature’s benefits. Therefore, they 
would be motivated towards conservation-based production. It is equally important to enhance 
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the capacity of implementing agencies, establish efficient implementation and coordination 

mechanisms and supporting the environment policy, including the legislature, for the Siri Toi 

Integrated Watershed Management Plan to succeed.  

 

 

Stepwise Implementation of IWMP Focusing on Pilots in Selected Sub-

watershed(s)   

 

Watershed-wide interventions are more effective and the IWMP proposes a “mix” of 
engineering and non-engineering interventions. An integrated planning and implementing 

process involving the hierarchically nested hydrological units and a “matching network” of 

users' organizations is recommended.  However, watershed communities are not organized 

and, as the IWMP implementation does not fall under any single government agency, it would 

be difficult to launch watershed-wide at once. To capture the full benefits of IWMP, it is 

proposed to establish a dedicated implementing entity with a supportive organizational 

arrangement. Watershed Resources Management “Teams” or “Task Forces” with 
multidisciplinary professionals would be planned within such an organization (see Chapter 6).  

In this context, while emphasizing the importance of adopting a watershed-wide integrated 

approach, it is proposed to select one or more sub-watersheds of the Siri Toi Watershed and 

demonstrate the important interventions of the IWMP on a pilot basis.  Beginning with a 

few interventions2 which could yield quick results and, at the same time, pave the way 

towards a holistic program should be considered. If the entire landscape of one or more sub-

watersheds is selected, it could be an effective demonstration which would accelerate the 

wider adoption.    

To a certain degree, a sub-watershed or even a micro-watershed could be treated as an 

independent system. A package of engineering and non-engineering interventions can be 

selected to “demonstrate” runoff and sediment flow management. Hence, adoption of 
integrated watershed management in one or more sub-watersheds, covering all the micro-

watersheds within them, will demonstrate how the sediment flow can be reduced. 

Consequently, the siltation of Siri Toi Reservoir could be minimized and prolong the lifespan 

of infrastructure such as the Siri Toi Dam. If “pilots” are effectively managed, the spread effects 
would be significant and should be able to pave the way in maintaining ecological integrity 

and reconciling upstream and downstream demands in the Siri Toi Watershed. 

The stepwise strategy, focusing on piloting IWMP and strategy in selected sub-watershed(s) 

of Siri Toi Watershed is proposed (see Chapter 7). The “pilot” process would be progressively 

graduated to the formation of a watershed-wide Network of WUOs and establishing a 

sustainable ecologically sound soil and water conservation system fully integrating 

conservation concerns with production benefits. This of course will take time, hence, stepwise 

implementation, initially focusing on “pilot sub-watershed(s)” is proposed as the Way 

Forward. 

The major steps are given below (see Chapter 7 for an outline of the steps and Chapter 5 for 

the details on micro-watershed-based “Mini Project” development): 

 
2 The IWMP consist of a wide range of interventions. Certain interventions can be completed within a short period 
and are capable of producing “quick” results. 
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Step -1: Selecting Pilot Projects  

A transparent methodology has been developed and the sub-watersheds of Siri Toi 

Watershed have been ranked for watershed management improvements (Chapter 5) including 

identification of Watershed Infrastructures and Land Suitability. Community consultations 

adopting Focused Group Discussion (FGD) method have been conducted. The relevant 

government agencies as well as the communities participated in the FGDs are aware of the 

IWMP and expressed willingness to support its implementation. This could serve as a 

springboard for Pilot Projects. 

Step -2: Selecting a Facilitating Team 

If only one or two sub-watersheds are selected as pilots, it may not be necessary to recruit a 

Facilitating Team, a few experienced Facilitators with proper guidance and mentoring could 

handle the required tasks for running Pilot Projects. 

Step - 3: Selecting Simple, Low-cost and Quick-yielding Interventions  

For the pilots, especially at the infant stages of community involvement in watershed 

management, it is beneficial to select simple, low-cost and quick-yielding interventions. This 

will accelerate the “demonstration and spread effects”.  

Interventions in the pilots would include the following (also see Chapter 5):   

- Watershed Infrastructure: Many of the small structures would be constructed by the 

communities, while the government undertakes the responsibility for heavy structures  

- Forest Department-managed productive and protective forestry 

- Community Forestry focusing on collective agroforestry  

- Conservation-based production. Ecological seasonal crops (short season legume 

species including food and cover crops). System of Crop Intensification (SCI) coupled 

with contour-based planting and other conservation methods, as much as possible. 

SCI as the major focus in “production with conservation” 
- Home gardens (focusing on home garden agroforestry, integration of animal 

husbandry, and other micro-enterprises, and nutrition programs) 

- Water harvesting and solar-powered (precise) pressurized water-saving irrigation 

with matching cropping patterns, and improved on-farm management  

- Enhancing Baseflow through Community Action 

- Low-cost Renewable Energy Sources 

- Linking routine extension programs and existing projects, and other government and 

non-government programs.  

Step - 4: Developing “Action plans” – A Participatory “Mini-project” 

A participatory “mini-project” would be developed for each micro-watershed (and all the micro-

watersheds of the selected sub-watershed will be covered). The proposed methodology 

including the process are given in Chapter 5 under Micro-watershed Level Planning and 

Implementation Process. A detailed Field Guide and Manual is useful for implementing the 

integrated watershed management strategy and process in pilot watersheds and expanding 

to other (similar) areas.  

Monitoring and Assessment of Pilots  

Chapter 6 presents a methodology for “Participatory Performance Assessment and Target 

Setting (PPATS)”. PPATS can be strengthened (and becomes more beneficial) with GIS/RS. 

For example, assessing the spatial and temporal variations (refer to GIS with communities in 
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Chapter 5). This will be helpful in sharing experiences and learning from each other and 

bridging the gaps. GIS/RS is helpful in convincingly presenting situations. 

Steps to Introduce at Later Stages  

These interventions can be planned and initiated at later stages to be continued beyond pilot 

stages in the long run: 

i) Capacity building: In addition to farmers’ capacity building, the pilot effort can include 

specific mechanisms for building the capacities of other stakeholders like government 

agencies including Forest and Irrigation Departments. In the long-run, this component 

of the project would include short, medium, and long-term academic training, support 

to participate in exchange-programs, national and international conferences and/or 

workshops and study tours to name a few. The capacity of local universities needs to 

be developed especially for “Participatory Action Research” (PAR). 

ii) Focus on watershed-based approach for climate-smart agriculture. 

iii) Usufruct rights (Chapter 6). This is useful as a mechanism toward better distribution 

of income. 

 

iv) Building the capacities of WUO leaders as “change agents”. 

v) Incorporating interventions with extension and other programs and projects.   

vi) Watershed users’ exchange visits, “seeing is believing” and learning-from each 

other. 

vii) Research on location-specific adaptation of interventions. 

viii) Digital agriculture and the use of internet and mobile applications (elaborated in 

Section 4.3 in Chapter 4). Rather than requesting government to assist in marketing, 

small farmers may be assisted and facilitated to organize collective action in 

cooperation with the private sector. 

ix) Mutually beneficial agreements between watershed communities (WUOs) and the 

nomadic migrants. 

x) Supporting policies and regulatory mechanisms. 

xi) From micro-watershed plans to watershed plan: As discussed in Chapter 5, the 

aggregate of all micro-watershed plans (or the WUO Plans) would be the watershed 

plan. 
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1. Introduction  

 

1.1 Background 
 

Balochistan is the largest province of Pakistan with 347,190 km2 and covering 43.6% of the 

country’s land area. However, its share of national population is 5.94%, according to 2017 

Census, where the province’s population is 12,344,4083. The climate ranges from arid to semi-

arid, where evaporation is high, and the average annual rainfall varies from about 50mm in 

the southwest to nearly 500mm in the northeast part of the province 

(http://balochistan.gov.pk/about-balochistan/). Under these conditions, irrigation becomes 

inevitable for agriculture in many parts of the province. Excessive use of ground water has 

been reported4 and its replenishment by managing the scarce rainfall is a challenging task.  

The Government of Balochistan, Pakistan adopted the Integrated Water and Resource 

Management policy in 2006 with ADB’s support. The policy provides a comprehensive 

framework for the province to address water management and development issues in the 

context of a basin wide approach, with water harvesting and groundwater recharging as an 

integral part of watershed management (ADB, 2018, Project Administration Manual ADB, p1).  

To improve irrigation infrastructure and water resource management in Balochistan, the 

Balochistan Water Resources Development Sector Project (48098-002) (BWRDSP) is being 

implemented with technical assistance from ADB. Zhob and Mula river basins have been 

selected for the ADB-financed project. This includes the Siri Toi dam project located in the 

Zhob River Basin, which drains towards the northeast into the Gomal River which ultimately 

joins the Indus River.  The Siri Toi catchment (about 856.041 km2) is degraded. During heavy 

rainfall, streamflow rapidly increases due to steep and mountainous terrain of the upper 

watershed area, causing erosion. The current surface cover of the Siri Toi Watershed is 

largely composed of degraded bushes and patchy grasses. An Integrated Watershed 

Management Plan (IWMP) and strategy, along with other detailed measures, will help protect 

the watershed. In addition to infrastructure interventions for natural resources conservation in 

the watershed, the project also intends to achieve 200% cropping intensity with plantation 

forests and arid fruit plants - “As both the forest and fruit plants are perennial that’s why 
cropping intensity is taken as 200%. The water harvesting system will be developed for a plant 

spacing of 20 x 20 feet” (TA Feasibility study, p142).    

ADB’s knowledge and support technical assistance (KSTA) for Protecting and Investing in 

Natural Capital in Asia and the Pacific (TA-9461) supports this initiative by engaging 

Watershed Management, and Geographic Information System and Remote Sensing (GIS/RS) 

experts in developing an integrated participatory approach to watershed management. During 

the planning process, the Bank, in consultation with the Project Management Office (PMO), 

employed an additional resource person to conduct a ground-truthing and validation process 

with stakeholders. A series of focus group discussions (FGDs) were held with watershed 

communities and pertinent agencies, as well as on-site verification visits.  

In addition to information gathered from FGDs and on-site verification, literature review 

including project documents, programs, and activities of government agencies in watershed 

management was conducted. There are other integrated watershed management programs 

 
3 Balochistan’s population density is 35 persons per km2 compared to the national average population density of 
236 persons per km2 
4 ADB, TA Feasibility study, 2018  

http://balochistan.gov.pk/about-balochistan/
https://www.adb.org/projects/48098-002/main
https://www.adb.org/projects/50159-001/main
https://www.adb.org/projects/50159-001/main
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in progress. For example, Pakistan Agricultural Research Council has several programs in 

different parts of the country, including demonstrations adopting participatory approach on 

integrated watershed management. Some of the activities include: 

• Assessment of water resource potential at sub-watershed levels, development of 

rainwater harvesting technologies, evaluation of erosion control practices, assessment 

of efficient irrigation methods for watersheds, and efficient use of harvested rainwater 

for high value agriculture; 

• Evaluation of groundwater recharging technologies, and livelihood improvement 

through profitable and sustainable agriculture; and 

• Demonstration of watershed management technologies for adoption and capacity 

building of professionals, farmers, community workers, Non-Government 

Organizations (NGOs), students, and agricultural service providers to stimulate 

adoption. 

(Source: http://www.parc.gov.pk/index.php/en/caewri-rshprog/caewri-iwmp) 

 

1.2 Developing the Integrated Watershed Management Plan and 

Implementation Process  

 

The aim of the KSTA (Protecting and Investing in Natural Capital in Asia and the Pacific) is to 

develop an Integrated Watershed Management Plan to address the issues in terms of short 

and long-term options for investments and implementation to rehabilitate the degraded 

watershed areas in Balochistan, Pakistan. The Integrated Watershed Management Plan 

should also consider the wide range of factors affecting resource degradation and involve 

transdisciplinary development of interventions. In addition, the plan aims at designing a 

practical participatory process that would enable implementation of recommended activities 

on the ground. In consideration of these, an Integrated Watershed Management Plan has 

been prepared for the Siri Toi Watershed and extrapolated to the greater Zhob and Mula river 

basins that irrigates vast areas in Balochistan. 

The Siri Toi Integrated Watershed Management Plan development process follows the key 

steps below: 

(i). Identifying key degraded land areas for rehabilitation using GIS/RS and spatial 

modelling, 

(ii). Defining short and long-term investment and intervention options to rehabilitate 

degraded watershed areas. Some options could be initiated by the Balochistan 

Water Resources Development Sector Project while longer-term options may 

be continued beyond the project’s lifespan, and 

(iii). Developing the Integrated Watershed Management Plan indicating the desired 

future land and water use patterns, and defining a strategy and process to 

achieve proposed interventions (Interventions are elaborated and 

implementation procedures of the Integrated Watershed Management Plan are 

described in this report).   

 

http://www.parc.gov.pk/index.php/en/caewri-rshprog/caewri-iwmp
https://www.adb.org/projects/50159-001/main
https://www.adb.org/projects/48098-002/main
https://www.adb.org/projects/48098-002/main
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This report submits a comprehensive Siri Toi Integrated Watershed Management Plan that 

includes a brief account of the institutional framework for implementation under the current 

project, and policy recommendations for consideration5. The investment and intervention 

options could be considered for implementation during the on-going project to rehabilitate the 

degraded land areas considering proposed good practices. In addition, the Integrated 

Watershed Management Plan proposes activities that could be considered for implementation 

in future programs. Based on the Siri Toi Integrated Watershed Management Plan and 

process, analysis is conducted to extrapolate and recommend upscaling at selected sites 

within the Zhob and Mula river basins (Figure 1) using a transparent site selection method 

based on GIS/RS. 

 

Figure 1: Locations of Zhob and Mula river basins (Source: Technical Report of GIS/RS  
   Expert). 

 

Spatial analysis was also conducted to examine present status of the watershed and to 

identify:  

a) Land use feasibility 

b) Types and sites for watershed infrastructure for improving natural resource 

management benefiting watershed communities and water users in the command area 

(for example, by reducing erosion and sediment transport that would enhance the 

lifespan of Siri Toi dam project and the larger reservoir). It is proposed to use spatial 

approach in implementation and monitoring of the Integrated Watershed Management 

Plan. Primary outputs of spatial analysis included the following: 

(i). Maps indicating present status including the terrain characteristics, land cover 

and the extent of deterioration, and 

(ii). Land use suitability, types of bio-physical infrastructure for sediment 

management, water harvesting, conservation, and groundwater recharge with 

indicated georeferencing for selected major physical structures.   

 
5 An in-depth review of institutional arrangements or policy is beyond the scope of this exercise. However, a few 
recommendations are submitted for consideration. 
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1.3 Siri Toi Watershed Planning Strategy 

 

Considering the multiple causes of watershed degradation such as terrain characteristics, 

climate and other natural factors, and human action, a wide range of actions combining 

structural and nonstructural measures, including eco-friendly nature-based solutions, are 

included in the plan. The project has recommended such an approach under ADB's Report 

and Recommendations to the President (RRP) which suggest addressing watershed 

degradation "by undertaking structural and nonstructural interventions to reduce soil erosion 

in critical areas through integrated and participatory water management approaches" (ADB 

RRP, p3).  

Nature-based Solutions (NbS) is an emerging concept that includes various activities such as 

planting a tree to an agroecological farming system or a dense forest cover that provide 

alternative measures which considers co-benefits between society and environment. NbS are 

defined by IUCN as "actions to protect, sustainably manage, and restore natural or modified 

ecosystems, that address societal challenges effectively and adaptively, simultaneously 

providing human well-being and biodiversity benefits" (IUCN 2020). Such measures should 

consider the trade-offs between short-term benefits and degradation of watershed resources 

in the long run. Therefore, production with conservation is proposed as a critical part of the 

strategy pertaining to NbS.  

As watershed degradation is significantly due to non-point sources, mainly human actions 

including overgrazing of livestock, a well-organized Collective Action (CA) by watershed-

resource users is proposed such as Watershed Users Organizations (WUOs). For 

example, CA can convert eco-destructive livestock-overgrazing, associated with individual 

decisions and practices, to environment-friendly planned-grazing organized through mutually 

beneficial CA. The ADB Sector Assessment, too, indicates towards a participatory approach: 

“Balochistan's watershed resources have come under rising pressure from anthropogenic 

stresses such as uncontrolled grazing, indiscriminate felling of trees for fuelwood, excessive 

clearing of land for cultivation. This worsening situation is affecting the overall sustainability of 

watershed resources and the poor who depend heavily on the resource base for their 

livelihoods. The sustainability of investments in water resources infrastructure, particularly 

storage dams and flood irrigation, also depends heavily on the condition of the 

watershed" (ADB Sector Assessment, p2, para 8. Watershed management) 6. 

A practical course of action based on a holistic approach to engage active participation of 

WUOs at the local or sub-watershed level planning, implementation, and self-monitoring has 

been developed. A participatory mechanism is proposed involving a facilitating process by an 

experienced Non-Governmental Organization (NGO) for organizing watershed resource users 

for participatory planning and implementation at different levels, including sub or micro-

watersheds. The spatial approach is also proposed for collaborative and coordinated decision-

making7. Shared management between the users of different parts of the watershed through 

a strong network of WUOs is the main long-term thrust of the participatory strategy. In the 

long run, linking upstream and downstream command area resource users through sub-

watershed management is recommended.  

 
6  https://www.adb.org/sites/default/files/linked-documents/48098-002-ssa.pdf 
7 This implies spatial approach (including the use of GIS ad other tools) would not be limited to land use planning at the 

watershed level 

https://www.iucn.org/commissions/commission-ecosystem-management/our-work/nature-based-solutions
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Thus, the Siri Toi Integrated Watershed Management Plan blends four essential elements 

for the holistic approach: 

• Hydrological units as the primary planning, implementing, and coordinating entities,  

• Bio-physical conservation measures through a mix of both engineering and non-

engineering solutions,  

• Agroecological production system aimed at "conservation-based production", and 

• Social capital, focusing on community Collective Action, as the primary driving force. 

 

1.4 Organization of the Report 

 

The report is organized into 6 Chapters: 

Chapter 1 - The introduction chapter gives a brief outline of the project, presents concise 

status of the Siri Toi Watershed and the development of its Integrated Watershed 

Management Plan and implementation process. 

Chapter 2 - Presents detailed status of Siri Toi Watershed and indicates the sources of data 

and information. An account on the physical, environmental, and demographic characteristics 

is also provided. Socioeconomic features are covered, and a detailed account can be found 

on the ground-truthing and validation report. This Chapter determines the resource use 

pattern and impacts on the environment and the Siri Toi Reservoir, and the challenges and 

scope for improving and sustaining the natural resource base. 

Chapter 3 - Covers an Integrated Participatory Strategy: Investing Social Capital in protecting 

Natural Capital. Following an intensive literature review on watershed management planning 

experiences in similar environments, this chapter submits an account on the need for a 

participatory integrated watershed management strategy. It is followed by an account on the 

linkages and interactions between the different components of integrated watershed 

management. The need for maintaining a proper balance between engineering and non-

engineering interventions, such as Nature-based Solutions, is emphasized. Finally, the 

rationale for investing in Social Capital for protecting Natural Capital is explained. 

Chapter 4 - Proposed major interventions: Continuing the discussion on the rationale for 

maintaining a balance between engineering and non-engineering interventions, the chapter 

submits the data and information gaps, and explains possible adjustments. Next, the chapter 

describes the methodology adopted and the outputs related to a) Identifying watershed 

infrastructure: methodology and outputs, and b) Identifying land Use Feasibility. A description 

of proposed non-engineering interventions, mainly on Nature-based Solutions focusing on the 

System of Crop Intensification (SCI) and Enhancing the Room for the River, is discussed. 

Finally, the chapter suggests a few long-term interventions.  

Chapter 5 – This chapter on Participatory Management of "Nested Subsystems" within the 

watershed provides an outline of the proposed strategy and process at the sub-watershed 

(e.g., “micro” and/or “mini” -watershed). This chapter emphasizes the need for a network of 

Watershed Users' Organizations (WUOs) matching with the hierarchically nested hydrological 

units of the watershed. The chapter presents a methodology for zoning or demarcating sub-

watersheds and a transparent method of selecting areas within Zhob and Mula basins for 

rehabilitation and watershed management interventions. Based on this methodology, Siri Toi 
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sub-watersheds are ranked or prioritized, and one sub-watershed is selected to illustrate the 

proposed process of participatory community-managed sub-watersheds. After proposing the 

communities' major land and water use interventions, the need for community Collective 

Action (CA) managed by WUOs and the social mobilization process for establishing WUOs is 

presented. Finally, the chapter proposes a methodology for Monitoring and Evaluation (M&E), 

including self-M&E by WUOs. 

Chapter 6 – The chapter on Scaling-up of "Siri Toi Integrated Watershed Management” 
presents the method and experience of extrapolation. The final Chapter defines the strategy 

and spells out the methodology proposed for extending or "upscaling" Siri Toi integrated 

watershed management strategy and process to Zhob and Mula basins. Adopting the Siri Toi 

methodology for identifying land suitability, and the types and sites for watershed 

infrastructure is proposed. Special "spreading mechanisms of knowledge and practice", 

capacity development of implementing agencies, and suggestions for enabling policy and 

institutional arrangements are submitted.  

Georeferences (coordinates) of the sites of Watershed Infrastructure proposed for the Siri Toi 

Watershed are included in the database. For each of the three types of infrastructure, at least 

two levels have been selected (the most suitable and succeeding level). The Georeferences 

of locations and sites of other levels of Siri Toi infrastructure, and all the sites of watershed 

infrastructure of Zhob and Mula river basins are also included in the database.  

Note: This Integrated Watershed Management Plan (IWSMP) has been developed for the 

Catchment of the Siri Toi Reservoir. Therefore, in this report, the term “Watershed” refers to 
the “Catchment of the Siri Toi Reservoir”.  
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2. Present Status of the Siri Toi Watershed  

 

2.1  Sources of Data and Information 
 

GIS data and maps provided by the GIS/RS consultant were the primary sources of data for 

developing land suitability and watershed infrastructure maps and identifying sites for 

structures and related interventions. The GIS/RS expert acquired Sentinel-2 satellite data, on 

22 July 2020, from USGS explorer.  

“The blue, green, red, and near infrared bands of spatial resolution 10 m of Sentinel-2 satellite 

data were used for the preparation of land use and land cover (LULC) and vegetation maps. 

LULC maps were processed using Artificial Intelligence based Support Vector Machine (SVM) 

method. The LULC classification was based on six classes: built-up, vegetation, high and low 

land bare soil, and crop land and water bodies. The Normalized Difference Vegetation Index 

(NDVI) was used to further classify vegetation into rangeland, sparse and forest classes using:  

 

Normalized Difference Vegetation Index            

 

Where:  

• NIR = Near Infrared band  

• Red = Red band 

(Source: Akbar, Tahir Ali, 2021. Technical Report, p8) 

 

The major GIS/RS outputs included in this report are listed as follows:  

(i) Digital Elevation Model (DEM) – Figure 2 

(ii) Soil map of Siri Toi Reservoir catchment area – Figure 4   

(iii) Surface geology map of Siri Toi Reservoir catchment area – Figure 5 

(iv) Land degradation map of the Siri Toi Reservoir catchment Area – Figure 6  

(v) Land Use and Land Cover (LULC) Map for Siri Toi Reservoir catchment area, Level-1 

classification scheme – Figure 7 

(vi) Vegetation Cover Map for Siri Toi Reservoir catchment area, Level-2 LULC 

classification – Figure 8 

 

In addition, ADB Technical Assistance (TA) and other project reports were studied to examine 

the present status of the catchment of the Siri Toi Reservoir. The roles, functions, special 

projects, and programs of relevant government agencies were also studied (agencies 

included, but not limited to Irrigation, Forest and Wildlife, Agriculture & Cooperative 

Departments of Balochistan government; The Pakistan Forest Institute, Peshawar; Pakistan 

Agricultural Research Council, etc.  An intensive search was also conducted using Google 

Earth. Few examples of this learning process are interpreted in Chapter 3 of the report. A 

detailed review of relevant literature is included in both Chapter 3 and 4.  
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2.2 Physical Features: Topography, Soils and Geology   

 

The Digital Elevation Model (DEM) of the Siri Toi Reservoir catchment area or Watershed is 

shown in Figure 2.  

 
 

Figure 2: Digital Elevation Model (DEM) of the Siri Toi Reservoir catchment area or Watershed 

indicating boundaries, elevation and location of the Siri Toi dam project 

 

In the DEM shown in Figure 1, the contour interval is 100 meters. A contour layer by 10-meter 

interval was produced for more detailed elevation profile of the area (Figure 3). The present 

resource use pattern in this terrain was studied using Google search engine, and the potential 

for improvements were examined (detailed under Section 2.4). 

Soil and the surface geology maps of the Siri Toi Reservoir catchment area are shown in 

Figures 4 and 5. Soil is an essential determinant of the type of vegetation and a significant 

factor in planning changes in land use. The limitations of using soil data are explained 

elsewhere in this report.   
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Figure 3: Topography of Siri Toi Watershed (with 10-meter contour interval) 

 

Feasibility Report-Siri Toi Dam, 2018 stated that8, “catchments area is mainly hilly terrain and 
characterized by dendritic drainage pattern” p59. 

 

“Major area of about 831 km2 (87 %) of the Siri Toi Catchment is occupied by mountainous 

terrain. The minor extent of plain area occurs mostly along the sides of Zhob River and is 

about 124 km2 (13%), and the soils are generally loamy to clayey with some parts of soils that 

are gravelly loamy or sandy. This area bears high agricultural potential under irrigation in this 

basin. In lower reaches, most soils are clayey. The mountainous part is the main site for 

natural vegetation” …. The climate is semi-arid and the seasonal variation in temperature is 

very high resulting to high evaporation. “Therefore, rainwater should not be wasted. Water 

rushes down the steep slopes, which needs to be captured and usefully utilized in the broad 

valleys for biomass production, at the same time checking soil erosion and saving the topsoil 

resources. Optimum utilization of every drop of water is becoming increasingly important with 

the ever-increasing population to meet their food requirements” (Technical Assistance 
Feasibility Report p270).  

 
8 The same study reported, “the watershed of Siri Toi River from start to proposed dam axis is around 968 sq.km. p3. 

………“based on the longest flow path of 95 km (59.05 miles) and elevation difference of 1215 m (3986 ft) in Siri Toi 

catchment has a time of concentration Tc equal to 11.85 hours” p18.  
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                   Figure 4: Soil Map of Siri Toi Reservoir catchment area  

 

 
                 Figure 5: Surface Geology Map of Siri Toi Reservoir catchment area   
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In addition, it has been stated that, “design surface cover and productivity of Watershed: In 

the “without project” scenario there is very sparse surface cover largely non-palatable species 

with very low cropping intensity and trees have become bushes due to the grazing pressure. 

Almost all the households indicated the need for development of water harvesting system for 

fuelwood, arid fruits, shrubs and grasses. In the “with project” scenario, about 3750 ha 
watershed will be developed” (Technical Assistance Feasibility Study p150).  

 

2.3 Present Status of Land Use 

 

Figures 6 shows the present status of Land Use and Cover (LULC) of Siri Toi Reservoir 

catchment area (Level-1 Classification Scheme) and Figure 7 presents the Vegetation Cover 

Map for Siri Toi Reservoir catchment area (Level-2 LULC classification).  

 

 
 
     Figure 6: Land Use and Land Cover (LULC) Map for Siri Toi Reservoir catchment area, 

Level-1 Classification Scheme 
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Figure 7: Vegetation Cover Map for Siri Toi Reservoir catchment area (Level-2 LULC   

                Classification)  

 

Tables 1 and 2 shows extents under different land use and land cover classes.  

                  

Table - 1: Land Use and Land Cover-Level 1 Classification – Siri Toi Watershed 

LULC-Class Area (Ha) %

Vegetation 15601.80 18.23

High land bare soil 34012.37 39.74

Low land bare soil 34283.98 40.05

Agriculture 1120.86 1.31

Water bodies 571.11 0.67

Built-up 3.03 0.00

Total 85593.15 100.00  
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Table - 2: Vegetation-LULC-Level 2 Classification – Siri Toi Watershed 

LULC-Class Area (Ha) %

Forest 2129.61 2.49

Others 71696.70 83.75

Rangeland 8070.16 9.43

Sparse vegetation 3711.21 4.34

Total 85607.68 100.00  
 

Figure 7, Vegetation Cover Map for Siri Toi Reservoir catchment area (level 2 LULC 

Classification Scheme) and the associated GIS files contain rangeland, sparse vegetation and 

forest. In addition, there is a vast area not covered under these categories. Table 3 shows this 

remaining part, which is labelled as “Others” (71696.7 ha or 83.7%). In Figure 8, the “Others” 
category is highlighted. Figure 9 illustrates the complete picture at a glance. It has been 

constructed by removing the other areas (or the related layers) and substituting with the 

corresponding area of SVM-LULC Map contents which has six layers.  

Table 3 indicates the area under different classes. As indicated below, watershed 

communities, migrants or nomadic groups, and their livestock use watershed resources. 

Communities would be organized to adopt soil and water conservation measures in the bare 

land in the lower areas and the Rangeland (see Chapter 5). This would be useful for 

productive livestock management as well.  

 

 
Figure 8: Vegetation cover map of Siri Toi Reservoir catchment, Level-2 LULC classification 

               (Areas excluding Forest, Rangeland and Sparse Vegetation is highlighted) 
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                         Table 3: Land Cover (from Figure 9, combining NDVI and SMV) 

LULC-Class Area, ha %

Agriculture 655.54 0.766

Built-up 2.94 0.003

Forest 2123.13 2.481

High land bare soil 32642.53 38.144

Low land bare soil 32299.78 37.744

Rangeland 7606.41 8.888

Sparse vegetation 3653.07 4.269

Vegetation 6036.12 7.053

Water bodies 556.92 0.651

Total 85576.43 100.000  
 

 
Figure 9:  Land Cover and Land Use – a complete view (combining NDVI and SVM with  

                 Stream Order) 

 

2.4 Demographic, Socioeconomic and Local Institutional Characteristics  
 
An overview of population density in the Siri Toi watershed is shown in Figure 10. 

Population distribution has been further examined using the GIS database and attributes. 

Figure 11 presents more details on how the population is distributed. Stream layer is also 

inserted in this map. 
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Figure10: Population distribution within the Siri Toi Watershed 

 

The resulting figures (10 and 11) was an eye opener and, as the next step, further analysis 

was conducted to examine the population density as an indicator of human activity, including 

the impact of their animals, and the watershed resource use pattern. At the feasibility study 

stage, the project examined the contribution of unorganized animal husbandry towards 

watershed degradation and predicted the potential benefits with improved resource 

management. In addition, it has been stated that “……uncontrolled grazing and excessive 

clearing of land for cultivation…... is worsening the situation. It is affecting not only the 

overall sustainability of watershed resources, but also the poor who depend heavily on the 

resource base for their livelihoods” (Report and Recommendation of the President to the 

Board of Directors, RRP, 2018, p2).  

In this context, the next section investigates the impacts of resource use pattern on watershed 

environment and the Siri Toi Reservoir.  
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Figure11: Population distribution within the Siri Toi Watershed 
 

2.5 Impact of Resource Use Pattern on Watershed Environment and the Siri 
Toi Reservoir  

 
“A degraded Watershed”  
 

The land degradation map is shown in Figure 12. Table 4 shows the extent of the different 

land degradation classes. 

 

Table - 4: Land Degradation Classes – Siri Toi Watershed 

Land_degraded Area (Ha) %

Non degraded soil 44030.29 51.55

Low degraded soil 7100.61 8.31

Moderately degraded soil 28668.32 33.56

High degraded soil 5615.30 6.57

Total 85414.52  
 

Erosion by water is the primary factor causing land degradation9 and sediment transportation 

from the upland watershed resulting in loss of topsoil and terrain deformation and productivity 

in the watershed itself. The degree of degradation varies with inherent soil properties, which 

is also related to soil maturity, slope, topography, intensity and volume of water flowing at a 

 
9 Erosion by wind is relatively less significant compared to that of water. However, sporadic events 
could be harmful in the arid and semi-arid areas 
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particular area in the terrain, wind speed, and other factors. Soil erosion can have adverse 

effects downstream; the eroded sediments may settle downstream, including the Siri Toi 

Reservoir and in irrigation canals reducing their capacity. 

 

 
Figure 12: Land Degradation Map of the Siri Toi Reservoir catchment area  

 

 

The Siri Toi Watershed “is being used” by communities and their livestock 

The ultimate objective of Siri Toi Watershed management is to establish a land-use pattern 

that would be mutually beneficial to upstream users, the downstream users (e.g., in the 

irrigation command), and the environment. A participatory strategy is required because the 

Siri Toi Watershed "is being used" by the communities and their livestock. 

Figure 13 shows the distribution of watershed population or the Settlements within the Siri Toi 

Watershed together with Agriculture, Drainage and Stream Network densities (Data on 

Population distribution were extracted from GIS/RS Expert's Population Map). The TA 

Feasibility Study of the Siri Toi command area reported that the majority of the population live 

in small settlements of five to twenty houses scattered all over the project area (TA Feasibility 

Report, p85). 
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The feasibility report presented a comprehensive socioeconomic profile of the people in the 

project area including the participation of women10 and details of livestock, drinking water, 

health, etc. The study conducted public consultations as well (Ibid, pp84-109).  

Figure 13 shows the intensities of important contributors to watershed management:  

• Agriculture: The intensity is indicated in different shades of green color, 

• Settlements: Population density indicated by symbol size, 

• Rated or ranked Stream Network (Thicker dark blue stream indicating higher flow), and 

• Rated Drainage Network (obviously, drainage, which is an indication of water 

availability, is concentrated near streams).      

Distribution of the intensity of Agriculture, Settlements and Stream Network (that reflects water 

availability) is extremely important as it guides the path for planning of biophysical as well as 

socioeconomic and institutional interventions. The map shows intensified community 

agriculture where more water is available.  

In addition to the analysis of GIS database provided by the expert, relevant published literature 

were reviewed and an intensive search including the present land use practices were 

examined using Google Earth. The intention was to learn how the watershed is being used. 

Few examples are shown in Figures 14, 15, 16 and 17. 

If these environmentally unfavorable activities are continued and intensified, it would have 

negative impacts; livelihoods of both the watershed and command area users would be 

adversely affected and the “Room for the River” would be threatened. 

 

 

 

 
10 Two third of the women interviewed were not involved in agriculture activities in the fields of their 
husbands or relatives. Women do not grow vegetables for home consumption inside their compound 
(p96). However, women are involved (together with households’ male members) in livestock activities 
including processing etc., as well as in other activities. 
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Figure 13: Intensity of “Settlements” and Agriculture with Drainage Density and Stream Network (size of “symbol” proportionate to the population count) 
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    Figure 14: “Density” of Settlements together with Siri Toi River network (size of a “cross”   
                  proportionate to the population count” 
 

 
Figure 15: Settlements within Siri Toi Watershed  
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      Figure 16:  Lessons from watershed users’ unorganized activities: “Potential for mutually                  

                  beneficial collective action in ecological farming” - 1  

 

 
     Figure 17:  Lessons from watershed users’ unorganized activities: “Potential for mutually                  

                  beneficial collective action in ecological farming” – 2 
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Present resource use pattern in the watershed was also examined through consultations, 

including focus group discussions conducted with watershed communities. This was 

conducted during the Ground-Truthing (GT) and Validation Study undertaken by an ADB 

Resource Person, Talal Naseer. The ground-truthing work gathered information on present 

status of the Siri Toi Watershed including the activities and the basic socioeconomic condition 

of the watershed communities. 

Given the data, information, literature review, ground-truthing and analysis, the watershed 

condition can be summarized as follows: 

• Degradation of natural resources, mainly land, land cover and vegetation including 

forests, and declining soil fertility.  

• The Watershed is degraded mainly due to mountainous terrain and associated 

dendritic drainage pattern. This is aggravated by unfavorable climatic and natural 

factors: arid and semi-arid areas, water scarcity-seasonal low rainfall, high and 

fluctuating temperatures, and unfavorable geological and soil conditions.  

• Unorganized community involvement in using watershed resources, including 

overgrazing of herds and inadequate Collective Action in conservation-based 

production. Runoff and sediment transport is also not adequately managed. 

• Watershed users’ lack of awareness on resources and the difficulties faced by 

watershed communities (e.g., inadequacies in information on novel methods of 

conservation-based and market-oriented production, associated factors like transport 

problems, prices of inputs and outputs, and market access).  

Hence, there is scope for exploring conservation-based production opportunities, and 

coordination of projects and services targeting the watershed landscape and communities. 

These are discussed in the succeeding chapter. 
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3. Integrated Participatory Strategy: Investing in Social Capital in 

Protecting Natural Capital  

3.1 The Need for Participatory Integrated Watershed Management Strategy 

 

Physical structures would minimize erosion and, especially, sediment transportation, primarily 

to protect the Siri Toi Reservoir and reduce the degradation of the watershed, which would 

immensely benefit the watershed users and the water users in the command area. 

Considering the hilly terrain associated with dendritic drainage patterns and the heavily 

degraded condition of the Siri Toi Watershed, government involvement in designing and 

constructing specific heavy watershed infrastructure in critical locations would be an urgent 

need. Such efforts together with community-led watershed biophysical infrastructures are 

considered to be complementary to each other. For example, sediment control structures 

would not prevent pollution completely, but watershed communities would be able to 

contribute by adopting eco-friendly conservation-based production. 

This is important in rehabilitating and managing the Siri Toi Watershed because (as revealed 

in the analysis of Chapter 2) it “is being used” by “users (mainly settlers) and their livestock11.”  

As people use the Siri Toi Watershed, its management must deal with human-induced 

degradation, which involves changes in attitudes and behavior. Expected outputs of the 

physical structures may be achieved only through socioeconomic and organizational action. 

In other words, one cannot ignore institutional, policy, socioeconomic, and market factors. In 

integrated watershed management, these different components are considered to be integral 

to one another.   

Therefore, it is proposed that the watershed management strategy maintains a good balance 

between infrastructure and watershed resources users' collective decision making 

and Collective Action in environment-friendly uses of the watershed. In addition, the strategy 

considers spatial interlinkages, for example, between the different segments of the watershed, 

the resource users and their impact on each other, including the trade-offs. The irrigated 

commands and their catchments are interdependent. This interdependency is influenced 

primarily by hydrological and other climatological factors, socioeconomic and management 

factors, and other various secondary factors.  Therefore, benefits to integrated natural 

resources management of land and water in the watershed could be significant. 

Different segments of a watershed are in a continuum and linked physically and, therefore, 

changes in one area would affect other areas (this aspect is discussed in Chapter 5 as well 

as the planning and implementing process involving the hierarchically nested hydrological 

units and a "matching network" of users' organizations). The Siri Toi Watershed management 

strategy is designed to strike a balance between infrastructure and the watershed resources 

users’ collective decision making and actions. 

 

 

 
11 For example, In Figure 13, the distribution of population density (settlements) is overlaid on the proposed sites 
of watershed management infrastructure. This clearly indicates that, organizing these watershed communities in 
eco-friendly livelihood activities including conservation-based crop and livestock production would be “mutually 
beneficial” to them and to the command area land and water uses as well.  
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3.2 A Balance Between Engineering and Non-engineering Interventions -

Nature-based Solutions  

 
Physical structures for managing runoff and sediment transport such as check dams (CD), 

water harvesting and storage structures like storage tanks and ponds (including for irrigation, 

domestic purposes, and livestock), and support for “Karez irrigation” would be a priority in 
watershed management. In addition, it is proposed to facilitate a process of organizing 

watershed communities into a network of Watershed Users’ Organizations (WUOs) for water 

and soil conservation measures aimed at conservation-based production crops and livestock. 

There will be a mix of engineering infrastructure and “green infrastructure (GI)” like 

bioretention cells and vegetated filter strips. GI is an eco-friendly, cost-effective, and climate-

resilient approach in managing vulnerable watersheds. GI helps enhance groundwater 

recharge, minimize erosion and sediment transportation, and promotes natural water cycle.  

The project can integrate such nature-based solutions in protecting land and water resources 

into spatial planning. It is proposed to engage a Facilitating Team (FT) of social mobilizers 

and/or community organizers, guided by a multidisciplinary team of specialists, to promote the 

proposed WUO-managed conservation-based production strategy which would include 

productive ecological farming practices like System of Crop Intensification (refer to Chapter 

5). Such an ecological farming system would enhance watershed users' livelihood by providing 

healthy food, clean water in sufficient quantities throughout the year and assist in climate 

mitigation and recreation, among others, while benefiting the downstream, including Siri Toi 

command area water users. 

 

3.3 Nature-based Solutions 

 

“NbS comprise of closely related concepts such as improved water use efficiency, integrated 

watershed management, source-to-sea initiatives, ecosystem approaches, eco-hydrology, 

agroecology, and green and blue infrastructure development” (Sonneveld, FAO, 2018)12. 

Nature-based solutions (NbS) could include a wide range of activities, from planting a single 

tree to “covering the entire landscape with green infrastructure”. Here the focus is on greener 
activities where community and nature are co-producing mutually beneficial services. It will 

present actions to scale-up sustainably NbS as well.  

Primarily NbS included here are divided into three types: 

(i) Community-driven, 

(ii) Jointly by the government (e.g., Forest Department) and the community, and 

(iii) Exclusively by the Forest Department. 

The magnitude of each type would depend on several factors, for example,  

• Number and distribution of population and their current activities  

• Livestock numbers and livestock management 

 
12 “Blue infrastructure combines green spaces with good water management. Blue infrastructure 

ensures that buildings and spaces promote healthy and sustainable living environments”. P.6, 

Sonneveld, FAO Land and Water Discussion Paper no. 12., 2018 
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• Terrain characteristics and the degree of degradation 

• The capacity of the community, and strength of mobilizers and facilitators (or the extent 

to which the project desires to facilitate community driven NbS, including mobilization 

and assistance) 

• The current capacity of Forest Department and capacity development inputs of the 

project 

• Allocation of resources. This would not be a severe issue given the proposed low-cost 

strategy. As the interventions are focused on mutually beneficial collective action, 

formal and informal contributions of the watershed communities would be significant  

 

3.4 Enhancing Room for the River while Improving the Livelihood of 

Watershed Communities 

 

In general, this concept includes a combination of measures aimed at increasing the discharge 

capacity of a river (for example, flood management projects in Bangladesh or the national 

flood risk management program in the Netherlands). In the case of Siri Toi, the objective 

would be to maintain or, preferably, enhance the baseflow to the reservoir, which is also 

associated with soil erosion, sediment transportation and related factors in the watershed. If 

this basic assumption on the inflow to reservoir is disturbed due to poor watershed 

management, then the predicted benefits of the project and consequently, the beneficiary’s 
income would be affected.  

Baseflow is an essential component of the watershed water resource, including streamflow. 

Usually, baseflow accounts for a large proportion of total streamflow. Therefore, it is essential 

to maintain a reasonably good baseflow in the Stream Network. Removal of forest cover may 

result in a short-term increase in baseflow and total steam flow due to reduced ET 

(evapotranspiration) and less interception. However, it should be noted that in the long run 

forests contribute significantly to erosion control, creating a favorable microclimate including 

in the root zone, enhancing water retention and infiltration, and consequently improving 

groundwater recharge.  

For conservation-based production within the watershed, forest trees, having deeper roots, do 

not compete much with seasonal crops or fodder.  

A review of relevant literature on the impact of vegetation and engineering measures on 

baseflow reveals that implementing a mix of vegetation and engineering is ideal for effectively 

managing catchments or enhancing watershed baseflow. For example, excessive and un-

planned vegetation alone would reduce baseflow. In addition, as revealed from certain studies, 

perennial vegetation such as forest plantations alone may also reduce the total streamflow 

due excessive transpiration and water consumption. Hence, it is beneficial to mix physical 

infrastructure and conservation-based production of seasonal and perennial crops (with 

livestock integration). Therefore, watershed interventions need to be carefully planned to 

maintain the required downstream flow. Land and water users need to be mobilized, and 

government intervention and regulatory and monitoring mechanisms need to be established. 

Government support may include government-managed forest plantations as well as 

government supported social forestry and agroforestry by the WUOs through Collective Action 

(e.g., managing fruit trees, medicinal plants, or other forest products like timber). 
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In this context, mobilizing watershed communities for conservation-based production and 

applying a proper mix of engineering and non-engineering soil and water conservation 

measures would be part of the strategy. 

 

If the upstream or the watershed or the catchment is “being used” by communities (like in the 
Siri Toi Watershed), one option would be to take the upstream and downstream as one unit 

(e.g., river basin or sub-watershed) and adopt a mutually beneficial integrated land and water 

management approach. Links between upstream and downstream water users’ organizations 

can play a crucial role in setting mutually beneficial agreements. They need to be informed 

about mutually beneficial Collective Action. It would be helpful in the sustainability of 

ecosystems to collectively monitor and assess the environmental flows in guiding the 

management of vulnerable watersheds.  

In this context, it is clear that, the proposed strategy of “conservation-based production” will 
not reduce the “Room for the river”; instead, it would help enhance it. For example, a 

combination of strategies and activities may be adopted for enhancing and extending water 

availability. While further investigation is required for location-specific efforts, the following are 

proposed as basic mechanisms:  

• “Reserved” or “protective forest cover” managed by the Forest Department and 

community-managed forestry (under the guidance of the Forest Department), and 

community-managed Rangelands (with grass, fodder and legumes) will develop and 

maintain multi-strata canopies and ground cover (such as grass or deep litter).  

• WUOs managing micro-watershed to 

a) reduce flash floods and flood damage 

b) manage sedimentation of their own farmland 

c) extend water retention period in rainfed areas (and irrigation period in farmer-

managed small irrigation systems) and enhance dry season flow (this would be 

further strengthened when the WUOs reach maturity and form a Federated WUO 

network). 

• Collective group ponds and/or individual farm ponds. 

• Develop and maintain multi-strata canopies and ground cover (such as grass or deep litter) 

to reduce erosion, loss of soil, and sediment transport.  

A combination of engineering and non-engineering solutions, including nature-based activities 

and a participatory mode of implementation, is proposed. Through Watershed Users’ 
Organizations, Collective Action can be facilitated at the initial or “infant” stages by an 

experienced NGO to gradually convert to conservation-based farming. 

Hence, they need to be aware of profitable alternatives to current land and water use practices 

that would be mutually beneficial to them, the environment, and the downstream users in 

Siri Toi irrigated command area. This is the primary objective of the Siri Toi integrated 

watershed management. This will also help in motivating and organizing the watershed land 

and water users. The proposed strategy addresses this important issue; the recommended 

approach will be “mutually beneficial” to both watershed and command area users (see 
“Enhancing Baseflow through Community Action” in Section 5.8).   
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3.5 Mitigating Climatic Hazards 

 

Nature-based activities including well-planned changes in vegetation, or the canopy and soil 

and water conservation can reduce climatic hazard risks. Planting deep-rooted trees, 

managing multi-strata canopy, and land and water saving ecological farming practices like 

System of Crop Intensification (SCI) can be adopted to effectively manage the influence of 

climatic hazards. For example, such measures would modify interception, evapotranspiration, 

runoff, and infiltration and percolation. Even though such interventions would not be capable 

of completely controlling heavy floods, they can significantly minimize the damage. In addition, 

these interventions help capturing flood water and storing in the soil to enhance baseflow. 

Such a process could be augmented with a variety of rainwater harvesting and storage 

methods and infrastructure. 

Recharging ground water: the watershed infrastructure and conservation measures adopted 

through WUO-managed activities will contribute to recharging groundwater, including aquifer 

recharge. Additional structures like ditches and wells may be constructed considering slope, 

drainage characteristics, geological features, settlements at the sites indicated in the maps 

(and at the geo-referenced locations) included in Siri Toi Integrated Watershed Management 

Plan. Watershed Infrastructure maps indicate suitable sites for these “associated structures”.  

 

3.6 System of Crop Intensification, SCI 

 

Chapter 1 suggested that the integrated participatory approach involving organized CA by the 

watershed community would adopt WUO-organized CA on agroecological crop management, 

primarily based on a System of Crop Intensification (SCI). This was demonstrated under 

varying climatic conditions that it could contribute to sustainable production with conservation. 

“This approach seeks not just to get more output from a given amount of inputs, a long-

standing and universal goal, but aims to achieve higher output with less use of or less 

expenditure on land, labor, capital, and water – all by making modifications in crop 

management practices” (FAO, 2014).  

“SCI practices enable farmers to mobilize biological processes and potentials that are present 

and available within crop plants and within the soil systems that support them” (Uphoff et al. 

2006).  

System of Crop Intensification focusing on “promoting better root growth and enhancing the 
soil’s fertility with organic materials are being found to be effective means for raising the yields 

of many crop plants with less water, less fertilizer, reduced seeds, fewer agrochemicals, and 

greater climate resilience”. This has been successful in a wide range of climates and crops 
such as wheat, maize, finger millet, sugarcane, tef, mustard, legumes, vegetables, and even 

spices13.  

 

 
13 Scientific publications on large-scale successes in different countries are available (see for example, 
“System of crop intensification for more productive, resource-conserving, climate-resilient, and 
sustainable agriculture: experience with diverse crops in varying agroecologies (2018 International 
Journal of Agricultural Sustainability, IJAS, 2018, vol. 16, no. 1, 1–28).  

http://www.fao.org/agroecology/database/detail/en/c/455329/
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The main elements of SCI include:  

• Starting with high-quality seeds or seedlings, well-selected and carefully handled, to 

establish plants with vigorous early growth, particularly their root systems. 

• Providing optimally wide spacing of plants to minimize competition for available 

nutrients, water, air, and sunlight. This enables each plant to attain close to its 

maximum genetic potential. 

• Keeping the topsoil around the plants well-aerated through appropriate implements or 

tools so that soil systems can absorb and circulate both air and water. Usually done 

as part of weeding operations, this practice can stimulate beneficial soil organisms, 

from earthworms to microbes, reducing weed competition. 

• If irrigation facilities are available, these should be used but sparingly, keeping the soil 

from becoming waterlogged and thus hypoxic. A combination of air and water in the 

soil is critical for plants’ growth and health, sustaining better root systems and a larger 

soil biota. 

• Amending the soil with organic matter, as much as possible, to enhance its fertility and 

structure and support the soil biota. Soil with high organic content can retain and 

provide water in the root zone continuously, reducing crops’ irrigation water needs. 

• Reducing reliance on inorganic fertilizers and pesticides, and to the extent possible, 

eliminating them. This will minimize environmental and health hazards and avoid 

adverse impacts on beneficial soil organisms, essential for SCI success. 

 

The merit of an agroecological approach for achieving more productive phenotypes from given 

genotypes of rice has been validated through a number of well-designed agronomic studies 

(e.g., Lin, Zhu, Chen, Cheng, & Uphoff, 2009; Thakur, Rath, Patil, & Kumar, 2011; Thakur, 

Rath, Roychowdhury, & Uphoff, 2010; Thakur, Uphoff, & Antony, 2010; Zhao et al., 2009) as 

well as for wheat (Dhar, Barah, Vyas, & Uphoff, 2016). 

Source: Adhikari, Prabhakar, et al. 2018. 

WUO organized Collective Action on agroecological crop management, primarily based on 

SCI, should contribute to sustainable “production with conservation” in the Siri Toi Watershed. 

Few examples of such agroecological crop management practices that can be adopted in SCI 

are given below: 

(i) Reducing chemical inputs (by applying only required amounts based on soil testing 

and substituting with organic inputs). 

(ii) Ecological soil and nutrient management: Minimum tillage, enhancing organic 

matter in the soil, biofertilizers (including wormy-compost and/or bio-earth), soil 

conditioners, de-toxicants (e.g., biochar), and Effective Sub-organism 

Technologies (EM Technologies) shall be introduced and encouraged for adoption. 

(iii) Soil and water conservation measures and water harvesting: “Remedial measures 
for control of soil erosion are changed in the cropping system, contour tillage, 

terracing, waterways, vegetation and gullies plugging” (p33, TA Feasibility report). 

(iv)  Zero budget farming technology. The main features are:  

a. Total dependence on internal resources (seeds, plant nutrients, energy), 

therefore zero cost to the farmer 

https://www.tandfonline.com/doi/full/10.1080/14735903.2017.1402504
https://www.tandfonline.com/doi/full/10.1080/14735903.2017.1402504
https://www.tandfonline.com/doi/full/10.1080/14735903.2017.1402504
https://www.tandfonline.com/doi/full/10.1080/14735903.2017.1402504
https://www.tandfonline.com/doi/full/10.1080/14735903.2017.1402504
https://www.tandfonline.com/doi/full/10.1080/14735903.2017.1402504
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b. Effective utilization of on-farm microbes (e.g., local earthworms, bacteria, 

fungi, algae) and creating microenvironment (effective mulching, crop 

rotation, zero tillage etc.) for the sustenance of microbes and thereby 

maintaining the soil fertility for plant nutrition 

c. Use of local cattle dung and urine in the production of growth medium for 

microbes and earthworms  

d. Farming systems approach, mixed cropping, crop rotation etc. 

e. Ecological approach in plant protection 

f. Action research by farmers with facilitators for continuous learning and 

development of the Zero Budget Farming technology. 

(v) Integrated Pest Management (IPM) including ecological pest management.  

 

Adapting SCI practices to suit local conditions and resource endowments, together with 

conservation farming methods such as listed above is proposed as an effective strategy of 

“climate-smart agriculture”. Watershed users need to be organized and supported by providing 
technical assistance for adopting agroecological farming systems primarily based on SCI.  

Low-cost social capital, mainly Collective Action by the watershed communities, can be 

invested to protect and, at the same time, benefit from Natural Capital. The experience, with 

appropriate “spreading mechanisms”, can be extended to other watersheds and river basins. 

In this context, watershed infrastructures are proposed in combination with non-engineering 

solutions, including nature-based solutions through watershed users Collective Action to adopt 

“conservation-based production” with soil and water conservation measures. 

The next section of this Chapter examines the rationale for WUO-managed Collective Action. 

Section 4 of Chapter 4 presents an outline of “Green infrastructure and Nature-based 

Solutions”. Chapter 5 illustrates the strategy and process of facilitating WUO-managed 

interventions in a micro-watershed.    

 

3.7 Investing in Social Capital in Protecting Natural Capital - Watershed 

Users Organizations, WUOs 

 
The project recognized that “…worsening situation is affecting not only the overall 
sustainability of watershed resources but also the poor who depend heavily on the resource 

base for their livelihoods” (RRP, p2). Moreover, the project intends to “address watershed 
degradation by undertaking structural and nonstructural interventions to reduce soil erosion in 

critical areas through integrated and participatory water management approaches” (RRP, 
p3).  

The undesirable environmental effects on the Siri Toi Watershed are caused mainly due to a) 

its hilly terrain, characterized by “dendritic drainage pattern” (aggravated by the ecologically 
unfavorable climatic conditions), and b) the cumulative effects of the actions of “people” and 
their livestock. The second category's degradation effects are typical of a non-point 

source and cannot be effectively dealt with using the point source control mechanisms. For 

example, the cumulative effects, such as erosion resulting from inappropriate cultivation 

practices and/or undesirable stocking rates, result from decisions made in the ordinary course 

of farming. Unless these users are informed, motivated and organized to adopt conservation-

based production collectively, environmentally inappropriate decisions will continue to be 

made. Therefore, Investing in Social Capital in Protecting Natural Capital or a participatory 
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approach involving organized Collective Action by the watershed community is proposed. 

Farmer-centered WUO-organized Collective Actions in agroecological crop management, 

primarily based on a System of Crop Intensification (SCI), can contribute to sustainable 

“production with conservation” in the Siri Toi Watershed. 

Community-driven watershed management needs to be supported, especially at the initial 

stages, by creating awareness on the benefits and the need for community-based natural 

resources management and facilitating and catalyzing the planning and implementation of 

WUO-managed NbS or low-cost Green Infrastructure (GI), which uses vegetation, soil and 

conservation farming practices in managing vulnerable watersheds.  

 

As suggested already, except for heavy physical structures like relatively large check dams 

and special aquifer recharge mechanisms, Watershed Users’ Organizations (WUOs) may be 
assigned the responsibility of constructing and maintaining physical infrastructure.  

3.7.1 WUOs’ Collective Action to Achieve Project Targets  
 

As stated in project documents, watershed management is expected to provide direct 

production benefits in addition to environmental protection. For example, economic analysis 

assumes 200% cropping intensity (Arid fruits, Wild Ber, Acacia, and fodder and/or grasses). 

Increase in livestock productivity to the extent of 50% is expected from increased fodders, 

forages and farm wastes.  

Tables 5 and 6 indicate the expected benefits from improved land use from the Watershed14 

1) Furthermore, for improving seasonal production of food crops, it is important to focus on 

such aspects as:  

• social forestry 

• production and processing of perennials 

• integration of livestock production 

• aquaculture 

• value-added production  

  

The Technical Assistance Feasibility Study Report also says, “in economic and financial 
analysis benefits are taken for 252 acres, as planted area is used”. So, the actual benefits 
would be much more. 

 

  

 
14 Tables 5 and 6 in this page are the Tables 43 and 46 (pp144 and 146) of TA Feasibility Study Report.  
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Table 5: Design plantation and land use intensity assumptions for the watershed area 

 
Source: Technical Assistance Feasibility Study Report, Table 43, page 144 

 

 

Table 6: Design plant productivity for the watershed area of Siri Toi storage dam package 

 
 

3.7.2 Collective Action for Developing Minor Infrastructure 

 

Obviously, engineering solutions cannot be ignored, and it is difficult for watershed 

communities to construct certain structures like a heavy check dam or an aquifer recharge 

system. However, many watershed infrastructures could be community driven. WUOs can be 

organized and assisted technically to undertake a significant responsibility for constructing 

and maintaining minor or smaller structures. For example, at community or micro-watershed 

levels, minor water harvesting, and soil conservation structures would be constructed by 

WUOs through Collective Action. This would be a crucial part of watershed management. 

Such structures would include farm ponds, check dams, and subsurface dykes to name a few. 

As the capacity of users’ organizations would be limited at infant stages, constructing heavy 

structures would not be possible. Even individual farm ponds, strip cropping, and the likes 

could be community-driven activities. Participatory micro-watershed planning and 

implementation, as a whole, is a mutually supportive and beneficial set of agreed collective 

and individual activities.   
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In this context, the Siri Toi Integrated Watershed Management Plan proposes the formation 

and mobilization of Watershed Users’ Organization Network as a Major Intervention. 

 

The review of the present status revealed that, a “holistic” approach with the watershed water 

users’ participation at least at a local level (e.g., sub-watershed) in planning, implementation 

and self-monitoring is required. A participatory mechanism involving a facilitating process for 

organizing watershed resource users for participatory planning and implementation at different 

levels, including “micro” or “mini” -watersheds is therefore proposed.  

Nevertheless, “participatory” or “community-driven” should not imply an exclusively bottom-up 

approach. The preparation of a micro-watershed management plan and adjustments based 

on learning experience during the implementation process should be a good mix of both 

bottom-up (involving WUOs) and top-down (technical inputs and facilitation by external actors 

like Facilitating Teams).  

 

3.7.3 The Watershed Users’ Collective Action towards Value-Addition 

 

Acacia is expected to provide production benefits in the Siri Toi Watershed. It has a high 

industrial value as a raw material for a wide range of products. The Agro-based industry has 

been identified at the feasibility study stage as a potential source of employment. “Other 

benefits from agriculture and watersheds are those, which directly or indirectly enhance 

employment opportunities. Expansions in the agro-based industry will also be a source of 

employment“ (TA Feasibility study, p150). Once they reach maturity and develop mutually 

beneficial partnerships with the Private Sector, Collective Action of Watershed Users' 

Organizations can organize such ventures (Source: https://www.healthline.com/health/7-

uses-for-acacia). 

 

 
Figure 18: Potential for WUO-managed Value-addition 

https://www.healthline.com/health/7-uses-for-acacia
https://www.healthline.com/health/7-uses-for-acacia
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3.8 Institutional Framework and Implementation Arrangements  

 

Integrated watershed management would include institutional arrangement as a major 

component. The Forest Department would be the focal implementing agency. As several line 

agencies are involved, inter-agency coordination is important. Therefore, the Integrated 

Watershed Management Plan would propose appropriate coordinating arrangements 

including input-output services for production, operation and maintenance responsibilities of 

associated infrastructure (e.g., soil and water conservation, water harvesting).  

Integrated effort involving all levels (individual farm, livestock operators, community, 

watershed resource users’ groups and organizations, and sub-watershed and watershed level 

federated organizations) would be required to improve land and water resource utilization 

aimed at “production with conservation”. This challenge includes realizing the conservation 
targets, conservation-based production targets, livestock intensity coupled with eco-friendly 

grazing, and enhanced yields and incomes. Such a process demands well-coordinated 

support services, including technical knowledge and extension by external service providers, 

including the relevant government agencies and coordination of the day-to-day activities and 

decisions of many resource users by their own WUOs.  

The organizational arrangement of watershed resources users and their organizational links 

with implementing agencies, and the operational procedures are discussed in Chapter 5. 

A multi-level organizational structure of watershed resource users is also envisioned.  
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4. Proposed Major Interventions                

  

4.1 Introduction: A Mix of Engineering and Non-engineering Interventions 

 

As indicated in the previous Chapter (Section 3.2), the proposed strategy integrates nature-

based solutions in protecting land and water resources into spatial planning. A mix of 

engineering and non-engineering or green infrastructure (GI) is proposed. It minimizes erosion 

and sediment transport and help recharge groundwater. WUO-managed conservation-based 

production strategy will focus on effective ecological farming practices like System of Crop 

Intensification coupled with greener interventions (refer Chapter 5).  

In general, reserved forest, agroforestry and conservation-based farming including crop-

livestock mixed systems (or plant-livestock integration), play an important role in arid and 

semi-arid watersheds. If such an agroecological land use pattern is well-established, that will 

be more resilient to climatic extremes such as flash floods and extended droughts. Managing 

soil by enhancing soil-organic matter and promoting the growth of favorable microbes and 

water conservation to maintain a favorable soil moisture regime is the key. Diversified cropping 

adopting contour planting (including forests), grass covers, strip and cover cropping, mixed 

cropping, crop rotation, mulching, minimum or zero tillage, mechanical and biological pest & 

disease control measures and organic manuring (and minimizing or avoiding chemicals).  

 

4.2 Soil and Water Conservation Measures 

 

Engineering Measures - Physical Structures  

 

These structures control erosion and sediment flow and increase the concentration time. For 

example, check dams, contour bunds, trenches, “silt-tanks or pits”, terraces, paved and 

protected drainage, spillways and diversions, and other “gully control” structures.  

Check dams (CDs) reduces the speed of run-off and flash floods, and hold the sediments 

carried by the runoff water. Another crucial role of a CD is to reduce the deepening and to 

widen the stream and gully. CDs can be built from bricks and cement, wood logs (e.g., 

brushwood check dams), stone, rocks (e.g., loose boulder check‐dam) or sandbags (or gravel-

filled bags or even synthetic material-filled bags). 

Contours and trenches cut down the velocity of runoff. Water is stored and gradually absorbed 

into the soil. Generally, terraces are constructed to convert sloppy areas into series of flat 

strips of land for cultivation purposes. A “Trench” is a ditch running perpendicular to the slope 
and follows a contour. The soil excavated from the pit and/or ditch is placed on the edge to 

form a shoulder where plants (e.g., legumes, grass and even forest tree species) are grown. 

The soil will be stabilized with root network and foliage will also form a good cover. This will 

help in trapping overflowing sediments as well (Chapter 5). 
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Water harvesting structures such as storage tanks are developed by constructing an 

embankment across a stream or watercourse, and by excavating a pit. In small watercourses, 

such tanks can be constructed with earthen bunds by the community. These could be used 

for irrigation, livestock, and other domestic purposes.  

Groundwater recharge measures such as percolation tanks. While many other structures like 

storage tanks, trenches, check dams contribute to infiltration and groundwater recharge, 

percolation tanks are constructed explicitly for increasing water percolation. All these 

structures help check the speed of runoff water and they improve and maintain soil moisture 

regime.  

Green or Vegetative Measures and Agronomical Practices 

• Forestry including planned woodlands 

• Strip cropping 

• Grass, fodder, and other pasture (leguminous would be better) 

• Vegetative barriers like windbreaks 

Measures to sustain the productivity of Rangelands (see Chapter 5) 

• Minimum tillage, preferably Zero Budget Natural Farming 

• Diversification of species 

• Managed grazing - rotational grazing and planning grazing recovery periods 

• Manage fertility - add locally produced favorable microbes, legumes, and natural 

manure (from livestock, plant residues) 

WUOs can mobilize the community to maintain “strips of crops” on the contour of a gentle 
slope while the relatively steeper slopes can be managed exclusively by the Forest 

Department.  

Shifting towards agroecological land use pattern: Enhancing the resilience to climate change  

Ecological agriculture is a promising approach for sustainable terrestrial carbon sequestration. 

Combined with its positive effects for sustainable development, “organic agriculture is a 
strategy particularly suitable for degraded areas and communities with limited access to 

external agricultural input. Creating access to carbon markets for these communities could be 

a way to combine climate change mitigation with food security and rural development in a 

synergistic and efficient manner……...” (FAO, 2009, p22). 

Agroecological land and water use interventions are primarily based on suitability classification 

and improve the watershed resource base. However, certain environmentally sensitive areas 

would be exclusively for environment protection and conservation (e.g., protective forestry).  

• System of Crop Intensification as the major focus in “production with conservation” 
• Rangelands development and managing animal husbandry (including animal feed 

management: e.g., fodder and pasture) 
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• Community and/or WUO-managed irrigation, solar power-operated drip, sprinkler 

systems associated with storage tanks. Support to community managed Karez 

systems 

• WUO-managed input-output services, constructing and improving service 

infrastructure  

• Value addition (for the long-term) 

 

4.3 Digital Agriculture and Use of Internet and Mobile Applications  

 

Even in less educated and resource poor communities, use of mobiles in general is significant. 

Moreover, when compared to the potential benefits, even among poverty-ridden communities. 

it can be a cost-effective technology. “lack of quality education, limited access to finance, and 
indirect interaction with markets together, prevent farmers from fully harnessing existing 

market opportunities. However, 90% of smallholder farmers own mobile phones. In this hostile 

environment, we deem mobile technology to be ‘the’ solution aimed at overcoming 
Smallholder Farmers’ business hurdles” (https://mezzanineware.com/digital-productivity-

technology/technology-solutions-for-agribusiness/digital-solution-smallholder-farmers/). 

Mobile applications can be used for a variety of purposes including the following: 

- Community access to eco-friendly sustainable practices  

- Access to input services, credit and extension  

- Small farmer access to price information and markets 

 

4.4 Identifying Watershed Infrastructure and Land Suitability: Methodology   

 

One of the major objective of this exercise is to identify different types of watershed 

infrastructure and their spatial distribution and land suitability in the Siri Toi Catchment to 

develop the Integrated Watershed Management Plan. In order to develop a rational 

methodology for identifying different types and sites for watershed infrastructure and land 

suitability in the Siri Toi Watershed, an in-depth review of relevant experiences was 

conducted.   

 

4.3.1. Multi-Criteria Decision Analysis (MCDA) and Analytical Hierarchy Process 

(AHP) 

 

Based on an extensive review of applications relevant to the identification of watershed 

infrastructure and land use suitability in similar environments, Multi Criteria Decision Analysis 

(MCDA) coupled with Analytical Hierarchy Process (AHP) was adopted in this exercise. The 

review revealed that MCDA and AHP had been used widely in land and water resources 

https://mezzanineware.com/digital-productivity-technology/technology-solutions-for-agribusiness/digital-solution-smallholder-farmers/
https://mezzanineware.com/digital-productivity-technology/technology-solutions-for-agribusiness/digital-solution-smallholder-farmers/
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decision-making, including identifying types and sites of watershed infrastructure and land 

suitability15. 

GIS-based MCDA or Multi-Criteria Evaluation (MCE)16 is a process that combines GIS 

methods and value judgments to solve spatial problems. MCDA considers geographical 

data models, spatial dimension of the evaluation criteria, and decision alternatives in 

evaluating the criteria. 

“MCDA can be used in any field to look at a wide range of problems where there may be 
multiple favorable solutions. This has been used in looking at health care such as disease 

treatments or prioritization, choosing a new car, tourism activities, processing options, 

transportation, energy use, risk assessment, land use and site selection” (Ryan, Siobhan and 
Ellis Nimick, 2019). 

AHP, developed by Saaty17, combines mathematics and value judgement by experts, primarily 

by transforming complex decisions into a simplified system of hierarchy. Statistical methods 

too can be employed in the process. AHP can be used to evaluate criteria. For example, to 

determine and assign the weights of criteria systematically. In addition, “the AHP is a method 

that can be used to establish measures in both the physical and social domains” (Saaty, 
1987)18. It has been stated that, “the AHP provides the objective mathematics to process the 

inescapably subjective and personal preferences of an individual or a group in making 

decision” (Saaty and Gonzalez Vargas, 2001). Finally, in a participatory process also, “the 

judgements may be inconsistent, and how to measure inconsistency and improve the 

judgements, when possible, to obtain better consistency is a concern of the AHP” (Saaty, 

2008). Hence, AHP is used as a method in conjunction with MCDA. 

An open-source, user-friendly software, namely, site selection software (SSS), has been 

developed by Rahmati et al. (2019). This software has been used to guide and identify suitable 

sites for check dams within watersheds. In this, the GIS-based MCDA has been applied.  

Geomorphometric and topo-hydrological factors included the following: topographic wetness 

index (TWI), terrain ruggedness index (TRI), topographic position index (TPI), sediment 

transport index (STI), stream power index (SPI), slope, drainage density (DD), and stream 

order (SO). Based on the case study conducted in the Poldokhtar Watershed in Iran, the 

authors reported that the performance is “excellent”. The study has identified 327 potential 
sites for check dam construction in this watershed (Rahmati et al., 2019). Similar indicators 

have been used in the present exercise. However, in addition to suitable sites for Check Dams, 

locations for Percolation Tanks (to enhance infiltration and ground water recharge) and 

Storage Tanks (for water harvesting), as well as Land Suitability have been identified. 

 
15 Selected past experience relevant to watershed management in similar areas is discussed in a separate report 
of the ADB financed BWRDP 
16 For convenience, MCDA method of analysis is adopted 
17 Saaty developed the AHP in 1971- 1975 while at the Wharton School, University of Pennsylvania, Philadelphia, 
Pa (Saaty, 1987).  
18 “For a long time, people have been concerned with the measurement of both physical and psychological events. 
By physical we mean the realm of what is fashionably known as the tangibles as it relates to some kind of objective 
reality outside the individual conducting the measurement. By contrast, the psychological is the realm of the 
intangibles as it relates to subjective ideas and beliefs of the individual about himself or herself and the world of 
experience. The question is whether there is a coherent theory that can deal with both these worlds of reality 
without compromising either. The AHP is a method that can be used to establish measures in both the physical 
and social domains” (Saaty, 1987)  
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4.3.2. Application of MCDA and AHP  

 

Saaty’s original work on AHP and the subsequent application experience reveals that AHP-

involved MCDA is an appropriate methodology in planning watershed infrastructure and land 

suitability related planning, mainly due to the following features: 

• AHP can be applied to conduct an in-depth analysis of factors in a more structured or 

systematic way.   

• AHP organizes and analyzes complex decisions with defined weights for each 

criterion, using math and value judgments or fact-based expert opinion. AHP is 

capable of converting such assessments into numbers that facilitate comparison. 

• AHP-involved MCDA can evaluate and compare multiple-criteria or indicators in a 

logical sequence. Such criteria could even be conflicting with the desired objective.  

• MCDA-AHP methodology employs techniques and procedures, such as weighting 

according to the importance or degree of influence so that the best possible decision 

could be achieved. 

• AHP can accommodate both mathematical processes as well as experts’ and other 
stakeholders’ value judgments (implying a combination of quantitative and qualitative 
inputs).   

 

The exercise outlined in this section is mainly to identify sediment control sites, water 

harvesting sites (WHS), and land suitability for the Siri Toi Catchment for the Integrated 

Watershed Management Plan. Based on the availability and suitability, few topo-hydrological 

factors were used to find suitable locations for Check Dams (CD) and WHSs. Slope, Terrain 

Raggedness (TRI), Topographic Wetness Index (TWI), Stream Order (SO), Stream Power 

Index (SPI), Sediment Transport Index (STI), and Drainage Density (DD) were used.  

The Weighted Overlay model used multiple parameters and assigned the “judged influence” 
for the layers. Rasterization and Reclassification of all the raster layers processed along with 

the provided scale value of each unit. Different land quality parameters and Hydrological 

parameters of Siri Toi were evaluated, and subsequently integrated using a sequence of 

logical operations to generate land suitability maps with the use of Arc GIS spatial analysis 

Map Algebra. Finally, the weighted overlay function was processed to identify the suitability of 

Land Use (LUs).  Table 7 describes the matchmaking layers for the Land Use suitability map. 

The selection of parameters or determinants for identifying the types and sites of Watershed 

infrastructure and land suitability in Siri Toi are outlined below.  

A wide range of biophysical interventions for soil and water conservation are proposed. The 

proposed physical infrastructures include check dams and other methods for managing runoff 

and sediment flow, water harvesting for production, livestock and domestic use, conservation-

based farming adopting contour-based planting and other conservation methods, enhancing 

forest cover, additional mechanisms for groundwater recharge and the likes. Locations and 

sites (with Geo-referenced data or coordinates) are also submitted for selected watershed 

infrastructure. In addition, institutional arrangements, including watershed community 

participation and implementation process, are suggested. 
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Indicators  

 

Sediment Transport 

One major objective of managing the Siri Toi Reservoir catchment is to minimize sediment 

flow and associated undesirable contaminants and pollutants like hazardous chemicals to the 

reservoir (As stated in the Main Text, it should be noted, however, that Sediment Control 

structures would not “prevent” pollution completely. In our watershed management strategy, 
we rely much on Watershed Resources Users’ Collective decision making and 
Collective Action in environment-friendly use of the Watershed. Sediment Transport 

Index (STI), which considers the effect of topography on erosion, is used to estimate the 

sediment transport in the stream Network. Pollution cannot be controlled by sediment control 

alone. Integrated watershed management intends to organize users to minimize the use of 

hazardous chemicals and adopt ecological farming. 

 

A measure for Sediment Transport19. 

One key objective of managing the Siri Toi Reservoir catchment is to minimize sediment flow 

and associated undesirable contaminants and pollutants like hazardous chemicals20 to the 

reservoir. Sediment Transport Index (STI), that considers the effect of topography on erosion, 

is used to estimate the sediment transport in the stream Network.  

 

Drainage characteristics: spatial pattern of “wetness” 

Topographic Wetness index (TWI) takes into account the influence of topographic features on 

the hydrologic processes and therefore indicates the propensity for a site to be saturated.   

TWI indicates the spatial pattern of “wetness” distribution and upstream contributing areas.  

 

The Stream Power Index (SPI)  

The SPI is employed as an indication and measure of the erosive power of flowing water. 

(SPI is calculated based on slope and contributing area). Stream power index can describe 

potential flow erosion at the given point of the topographic surface. The size of the catchment 

and its gradient are the major contributing factors.  For example, if a large catchment area is 

associated with a steep slope, the amount of water contributed by upslope areas and the 

velocity of water flow increase, hence stream power index and erosion risk increase pollution 

cannot be controlled by sediment control alone. Integrated watershed management intends to 

organize users to minimize the use of hazardous chemicals and adopt ecological farming. 

 
19 A good explanation and justification for using Sediment transport index and Topographic Wetness 
index can be found in John Lindsay (2012) 
https://jblindsay.github.io/ghrg/Whitebox/Help/SedimentTransportIndex.html 
 
20 Pollution cannot be controlled by sediment control alone. Integrated watershed management intends to organize users to 

minimize the use of hazardous chemicals and adopt ecological farming. 

https://jblindsay.github.io/ghrg/Whitebox/Help/SedimentTransportIndex.html
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Drainage Density 

Drainage Density (DD) is the aggregate length of all the streams (including the tributaries and 

the stem of the Siri Toi River) in the drainage basin Watershed divided by the total watershed 

area. It is a measure of how well or how poorly stream channels drain a watershed. 

 

4.3.3. The Model 

 

Topo-hydrological factors were used to find suitable locations for Check Dams (CD) and 

WHSs. Slope, Terrain Raggedness Index (TRI), Topographic Wetness Index (TWI), Stream 

Order (SO), Stream Power Index (SPI), Sediment Transport Index (STI), Drainage Density 

(DD) were used (Ref. Tables below). SVM LULC, NDVI, and Degraded Land Layer, DEM, 

Slope, Contour data provided by GIS/RS Expert were extensively used throughout the 

computations, locating sites and map generation. 

Multi-criteria Decision Analysis (MCDA) and Analytic Hierarchy Process (AHP) were 

employed.  The most suitable geo-referenced locations were identified based on the multiple 

topo-hydrological and other factor-influenced judgments (matrix, Table 7) and the multi-layer 

integrating for appropriate infrastructure selection. For example, Check Dams are located 

mainly on the gentle slope. Furthermore, higher values of the Sediment Transport Index and 

similar indicators were used to “influence” the selection of the location of Check Dams. 
Weighted Overlay Model was used weighing the multiple parameters and assigning the 

influence for the layers. Rasterization and reclassification of all the raster layers processed 

along with the providing scale value of each unit was conducted. Different land suitability 

parameters and hydrological parameters of Siri Toi were evaluated, and subsequently, were 

integrated using a sequence of logical operations to generate land suitability maps with the 

help of Arc GIS spatial analysis Map Algebra. Finally, the weighted overlay function has been 

processed for identification of the suitability of Land Use (LUs) and the location of watershed 

infrastructure.  

The three main stages in this process are illustrated in the Chart (Figure 19) below: 

(1). Step-1. Data preparation: At this stage, all the data that need to be overlaid are 

converted to a Raster file (the blue color indicates raster inputs). 

(2). Step-2. Reclassify – At this stage, all the layers are classified by giving weights to each 

class (based on Table-7). 

(3). Step-3. Weighted Overlay: This is the final stage where all the classified layers are 

integrated (over-laying) based on their influence level (the “influence-level” has been 
determined using AHP21, based on criteria (see Table 8). By developing a “hierarchy 
of importance” through a “pair-wise comparison”, AHP integrates another stratum of 
“checking consistency” in expert judgement. For example, the CDs, PTs and STs do 

have common contributions to soil and water management or conservation (for 

 
21  “The AHP ………. involves higher level mathematics. It is based on the concept of eigen vectors. It is for this reason that 

performing the calculations pertaining to AHP on an Excel sheet are an ordeal. However, of late software tools have been 

developed that can perform the calculations. The managers therefore just need to be aware of the AHP process, the 

calculations are automated. 

https://www.managementstudyguide.com/analytical-hierarchy-process.htm 

 

https://www.managementstudyguide.com/analytical-hierarchy-process.htm
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example, infiltration), however, the major objectives are not exactly the same (e.g., 

CDs address sediment control directly, PTs are mainly for enhancing percolation and 

the STs, especially in case of Siri Toi Watershed are for production, domestic and 

animal use). Hence, different weights or scores are assigned in the “influence matrix”. 
(Table 8, which is based on a web-based pair-wise comparison matrix). Finally, based 

on the classified weights and the influence: a) Suitable or potential area for land use, 

and b) Watershed infrastructure is generated as outputs of the model(s).  

 

 

Figure 19: Identifying sites for watershed infrastructure -The process of Model development 

 

NOTE: The model(s) developed can be used by removing adjusting parameters OR adjusting 

the weights or influence assigned.  

The judgment matrix and the methodology adopted in computing the parameters are given in 

Appendix 1. 

 

4.5 Outputs: Watershed Infrastructure and Land Suitability 

 

Figure 20A and 20B presents the “Proposed sites for Watershed Infrastructure”. 
Georeferences for selected watershed infrastructure of Siri Toi are given in Appendix 2.   
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Table-7: Indicators considered for the identification of watershed infrastructure 
 Notes: Detailed methodology, including computations in the Ranking Sheet (Layers and    
 weights assigned are given in Appendix 1). Infrastructure includes Check Dams (CD),   
 Percolation Tank (PT) and Storage Tank (ST) as marked in the Figures.  

 
Layers / 
Indicator 
/Index 

 

Description Assumptions and 
computation 

Degraded 
Land Layer 
 

Non degraded soil Vegetation (including 
Rangeland) or unsuitable 
(e.g., Rock) 

Low degraded soil 

Moderately degraded soil Moderate Vegetation  

High degraded soil Low Vegetation  
 

NDVI Others 
Rangelands 
Sparse vegetation 
Forest 

- 
Erosion - 
Erosion - 
Erosion – 
 

Soil No descriptive soil layers 
 

 

SVM (LULC 
developed 
using SVM) 
 

Vegetation 
High land bare soil 
Low land bare soil 
Agriculture 
Water bodies 
Built-up 

Assume that human activity 
in progress 

Rainfall  Assumed as “homogenous” 
(same value for whole 
catchment) 
 

Stream 
Network 

Debris/sediment transportation Intensity of Sedimentation 
with the distance (Vegetation 
pattern /Soil behavior) 
 

Contour Contour created for identification of the most suitable check 
dam location/Contour trenches 

Contours were used to define 
/ understand the criteria and 
categorization of slope 
 

Topographic 
wetness 
Index 
(TWI) 
 

TWI used to quantify topographic control on hydrological 
processes. The TWI controls the spatial pattern of saturated 
areas that directly affect hydrological processes within the 
watershed. Assumed that, TWI represents the spatial 
pattern of wetness and upslope contributing areas. 
 

 
 

TWI=ln⟨α ∕ tan b⟩ 
Terrain 
Ruggedness 
Index (TRI) 

The TRI, in turn, is one of the main factors which affects 
Stream Energy, surface storage capacity, runoff velocity, 
and routing at the watershed scale. The TRI expresses the 
amount of elevation difference between neighboring cells 
where the differences between the focal cell and eight 
neighboring cells are calculated. 

 
 𝑇𝑅𝐼 = 𝑌 [∑(𝑥𝑖𝑗 − 𝑥00)2]12

 

 

Layers / 
Indicator 
/Index 

 

Description Assumption 

Sediment 
Transport 
Index (STI) 

One of the main functions of check dams in Siri Toi 
Watershed is to reduce sediment yield and transport of 
sediment associated contaminants to Siri Toi Reservoir. The 

𝑆𝑇𝐼 =  (𝐴𝑠/22.13)0.6× (sin 𝛽/0.0896)1.3 
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 STI can provide vital information on the potential of sediment 
transport in the stream network of a given watershed. It 
takes into account the effect of topography on erosion and 
is, as such, used for characterizing erosion and deposition 
Processes. 

 
Range of STI values divided 
into classes: 
0 - 14 
14-71 
71 -185 
185-364 
364-590 
 

Slope 
 

Obviously, Slope is the simpler and one of the most 
significant topographical factors influencing water flow. 
Higher slope implies greater flow speed and water 
accumulation, and therefore makes the terrain more 
susceptible to flooding and sediment transport. Slope is also 
an informative factor in deciding the location of check dams, 
as higher slopes are more suitable for check dam 
construction. 
 

 
Range of values 
0 – 9.3 
9.3 – 22.13 
22.13 – 63.57 
 
 

Stream 
Power Index 
(SPI) 
 

The SPI that reflects stream power. It is the product of the 
catchment area and slope and measures the erosive power 
of overland flow. 

𝑆𝑃𝐼 =  𝐴𝑠 tan 𝛽 
 
Range of SPI values: 
0 – 1.02 
1.02 – 3.84 
3.84 – 7.94 
7.94 – 13.32 
13.32 – 19.47 
19.47-26.13 
26.13-33.81 
33.81-44.57 
44.57-65.33 

Drainage 
Density (DD) 
 

DD affects the magnitude of peak flow by changing the 
concentration time; therefore, it can provide useful 
information for site selection of Check dams. The DD value 
is calculated by dividing the total length of all rivers in a 
watershed by the watershed area. 

 
 
Range of DD values: 
 
0 – 31.6 
31.6 - 60.77 
60.77- 88.82 
88.82- 120.65 
120.65- 195.08   
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7a.  An Addendum to Table 7, Summary of the “Criteria” used for assigning weights and ranking of the four types of infrastructure 

 

 

No. Type of 

Infrastructure 

Stream 

Order 

Slope Degraded LULC SVM NDVI TWI SPI DD TRI STI 

01 CD Higher 

order  

Gentle 

Slope 

High degraded 

soil  

High land 
bare soil 
(HLBS) 
Low land 
bare soil 
(LLBS) 
Agriculture 

Not included 

as a 

determinant. 

Instead, SVM 

Constant 

High  High High High High 

03 Percolation 

Tank 

4th or 

3rd  

2nd  

moderate Moderate Agriculture 

LLBS 

 

Rangeland 

Forest 

High Not 

Considered 

High Moderate 

to Low 

Moderate to 

Low 

04 Storage 

Tank* 

2nd  

and 3rd  

Low  Low 

Moderate 

LLBS 

Vegetation/ 

Agriculture 

 

Forest 

Rangeland 

high Not 

Considered 

Moderate 

to high 

low Not 

Considered 

 

• Storage Tanks:   After the Field visits and interactions with watershed communities during “ground truthing” (by ADB Resource Person, RP), weights 
were adjusted.  STs would be mainly for crop production, domestic and livestock needs. Therefore, Population and Land use feasibility were added, and 
high scores assigned (Table 8).  
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Table -8: “Influence" assigned to the Layers22 

 

 

 

 

 
22 As mentioned earlier, “influences” assigned to different parameters/indicators have been generated from a web-based pair-

wise comparison software. 

 Structure Layers Influence Remarks  

Check Dams are mainly to manage runoff 
& sediment transportation. Infiltration & 
Ground water recharge are additional 
benefits. Land is “degraded” mainly because 
of erosion and therefore this category of 
land is identified as a significant contributor 
to sediment transportation and siltation Sri 
Toi Reservoir. In addition, reducing erosion 
& “trapping” and settling sediments (and 
debris) would be beneficial to watershed 
settlers and environment protection (hence a 
high value is assigned). Other parameters 
are treated as “equally influenced”.  

01 

  

  

  

  

  

  

  

Check Dams 

  

  

  

  

  

  

Degraded land 25 

Slope 10 

TWI 10 

TRI 10 

DD 10 

Stream Network 10 

STI 15 

SPI 10 

Total 100 

02 

  

  

  

  

  

  

  

  

Percolation 

Tanks 

  

  

  

  

  

  

  

  

Degraded land 15 Percolation Tanks (PT) are mainly for 
recharging ground water. In the absence of 
adequate data on spatial distribution of 
lithology and soil distribution, land 
degradation and the Terrain ruggedness are 
taken as the major influence factors (for 
permeability).   PTs will reduce land 
degradation. Relatively higher value for DD 
was assigned because PT needs to 
maintain “wetness“ (water). Similarly, TWI is 
assigned with (relatively) a higher value. 
NDVI, STI and the Slope are assigned the 
next level of influence  

SVM 10 

DD 15 

Stream Network 07 

Slope 05 

TWI 15 

STI 08 

TRI 15 

NDVI 10 

Total 100 

03 

  

  

  

  

  

Storage 

Tank / 

Ponds 

DD 15 Storage Tanks (STs) help manage runoff 

and allow sediments to settle. After the 

ground-truth work by the ADB resource 

person, it was realized that STs can be quite 

useful for watershed settlers (and their 

livestock). Therefore, land use and 

population density as well as TWI, DD, 

SVM-based Agriculture, Vegetation & Low 

land bare soil are given higher values. Slope 

is not given priority. Degraded land is 

assigned with a lower value. STs mainly 

storing rainfall.   

TWI 15 

Slope 05 

SVM 10 

NDVI 05 

Degraded land 05 

Stream Network 10 

Population 15 

Land use 

Feasibility 

20 

Total 100 
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                      Figure 20A: Proposed sites for Watershed Infrastructure– Siri Toi Watershed  
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                            Figure 20B: The types and sites of Watershed Infrastructure with land suitability  

 



 

     48 

4.6 Identifying Land Use Feasibility: Methodology and Outputs  
 

Land use feasibility has been assessed primarily based on the FAO classification (FAO, 1976) 

by integrating different layers or available physical determinants. In land use planning, it is 

useful to consider socioeconomic and other multiple goals as determinants and assign 

weights. In addition, homogenous land use zones may be identified. Such methods can be 

adopted during detailed participatory planning. The major steps adopted are given below: 

Factor determination: The potential factors of LULC change were first determined based on 

experience and literature review.  

Categorizing the Selected Factors and Determinants: Mainly because the dimensions and the 

units of measurement of different factors are not the same, standardizing was done by dividing 

and categorizing into CLASSES, based on the range of values. 

Weight estimation: Similar to infrastructure, weights for relevant influencing factors and 

determinants were estimated adopting AHP23 as it provides the objective mathematics to 

process the inescapably subjective and personal preferences of an individual or a group in 

making a decision. Based on that, the judgment matrix was developed using a weighted 

overlay tool using ArcGIS spatial analysis.  

Land Suitability Map generation and Output: As mentioned earlier, AHP has been considered 

to make decisions. Different land quality parameters and hydrological parameters of Siri Toi 

were evaluated and subsequently integrated using a sequence of logical operations to 

generate land suitability maps with the use of Arc GIS spatial analysis Map Algebra. Land 

suitability classification of FAO was used (Table 9). The process is shown in Figure 21 below. 

 

 

Figure 21: The Land suitability map generation process 

 

 

 
23 Analytical Hierarchy Process is one of the most inclusive systems considered to make decisions with multiple criteria 

because this method gives to formulate the problem as a hierarchical and believe a mixture of quantitative and qualitative 

criteria.  
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Table 9. Structure of the suitability classification  

Class Description 

 

S-1 

Land having no significant limitations to sustained application of a given use, or 

only minor limitations that will not significantly reduce productivity and benefits 

and will not raise inputs above an acceptable level.  

S-2 Land having limitations which in aggregate are moderately severe for sustained 

application of a given use, the limitations will reduce productivity or benefits and 

increase required inputs to the extent that the overall advantage to be gained 

from the use.  

S-3 Land having limitations which in aggregate are severe for sustained application 

of a given use and will so reduce productivity and benefits, or increase required 

inputs, that this expenditure will be only marginally justified.  

N-1 Land having limitations which may be surmountable in time, but which cannot be 

corrected with existing knowledge at currently acceptable cost, the limitations 

are so severe as to preclude successful sustained use of the land in the given 

manner.  

N-2 Land having limitations which appear as severe as to preclude any possibilities 

of successful sustained use of the land in the given manner. 

Source: FAO Soils Bulletin 32, 1976.  

 

Table-10 indicates the layer types and weights (including “influence”) assigned in developing 
land use suitability map 

Figure 22 presents the “Proposed Land Use Suitability Map – Siri Toi Watershed”  

 

The Model(s) can be used with adjustment to the weights assigned, based on: 

a) the importance to and priorities of implementers and other stakeholders, including 

watershed land and water users (especially when the proposed participatory planning 

at sub and/or micro -watershed level is conducted). 

b) intensity of interventions and implementing arrangements. 

 

 

4.7 Limitations and Possible Adjustments 

 

In Siri Toi integrated watershed planning, the judgments on the dominance of one criterion 

over another, including determining the relative importance or weights and scores for each 

factor, are based on the literature review and the author’s expertise. Therefore, as explained 

earlier, a certain degree of error due to subjectivity, is unavoidable. 

Higher scores or weights have been assigned to water availability in selecting almost all the 

watershed infrastructure. Therefore, the georeferenced locations could be within water bodies 

or in close proximity. As the community was not involved in identifying types and sites of 
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watershed infrastructure, specific georeferenced sites may not be suitable for infrastructure 

due to socio-cultural reasons24.  

Therefore, it is important to consult the watershed communities and make minor adjustments, 

if required. In addition to community concerns, depending on the type of infrastructure, other 

factors should be considered in the construction process. Such factors may include, but are 

not necessarily limited to proximity to cropland, domestic and livestock requirements (in case 

of storage tanks); sites which may reduce the cost (e.g., existing ridges and depressions, 

areas with narrow cross-section that would help minimize the amount of construction material 

required for check dams), local terrain and geological features supporting infiltration tanks and 

other factors. 

 

Analysis of satellite imagery over time should be considered to identify trends and changes in 

the area. There were few other limitations as well. For example, the variation across different 

locations and sites of watershed in such factors as: soil, temperature, crop growing periods 

and seasonal rainfall, and the socioeconomic conditions (including “accessibility such as 

roads”) are not included in the present exercise. Detailed soil characteristics and spatial 

distribution were not available (see soil map, Figure 10), for example, to derive different 

classes ranging from lowest level of permeability (which would be “clay”) and, similarly “very 
hard and rocky” soils. However, this can be considered in participatory planning at lower levels 
(like sub and micro -watershed) with Watershed user communities.  

 

Socio-economic barriers may also be identified when the land acquisition and resettlement 

plan is completed. Demographic and other socio-economic data and information in the Siri Toi 

catchment, especially the settlements and communities and their current involvement in 

utilizing watershed land and water resources, are limited. Limitations in income-generation, 

survival strategies adopted, and similar socioeconomic factors are currently not included as 

Indicators25 but can be incorporated together with stakeholder engagements. Such data and 

information are required to learn and assess community activities, diversity, capacity and 

scope for organizing Collective Action, determine appropriate methods and processes for 

community involvement and enhancing capacity for “production with conservation”. However, 
as indicated earlier, the Bank, in consultation with the PMO, employed a Resource Person to 

conduct a “ground-truthing” exercise involving a “validating and consultation process”. A series 
of Focus Group Discussions (FGDs) were held with watershed communities. This effort was 

helpful to know better “who” is doing “what” in the watershed, the demographic and the basic 
socio-economic profile of the communities and the watershed resource use pattern 

(production practices, livestock numbers, input-output trade etc.). Information on parallel 

interventions (projects and programs) in the area and the feasibility of the proposed 

interventions were discussed at the FGDs with watershed communities and the relevant 

government departments. 

 

 

 
24 In the ground-truthing and validation study, the suitability of a representative sample of georeferenced sites has 
been “checked” with communities. The communities felt that the sites are suitable. Community members have 
already established watershed structures in specific sites.  
25 Socio-economic barriers may also be identified when the land acquisition and resettlement plan is completed. 
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    Table-10: Developing Land Use Suitability Map: Layer Types and Weights 

    * S1 – Highly suitable, S2 – Moderate Suitable, S3 – Marginally Suitable, NS – Not Suitable 
 
 
 
 

Layers Classes/Categories Weights/ 
Assigned 
Value 

“Influence” 
assigned 

Land 
Suitability 
Ranking* 

Remarks 

Dem LOW 
 
HIGH 

5 
4 
1 

5 S1 
S2 
S3 

Rationale: FAO considerations in defining S1 to NS classes. 
Usually, low DEM area is more suitable (agroeconomicaly)  

Degraded 
LULC 

Non-Degraded soil 5 10 S3 S1 – Highly suitable, S2 – Moderate, S3 – Marginal, NS – Not 
Suitable 
Rationale: Weights assigned on the basis of economic 
production potential. “Highly Degraded area” is not 
recommended for production (May be exclusively for 
conservation (e.g., Forestry). Most of “non-Degraded soil” is 
in hilly terrain (preferably) forest cover). 

Low Degraded soil 4 S2 
Moderately Degraded soil 3 S1 
Highly Degraded soil 0 NS 
    

      
SVM LULC Water bodies/Built-up 0 40 NS It is assumed that the “Low land bare soil” should be given 

priority for new developments in conservation-based 
production (So, Vegetation is assigned “low” compared to low 
land bare soil). 

Vegetation/Agriculture 1 S3 
High land bare soil 2 S2 
Low land bare soil 5 S1 

      
NDVI Others 1 10 S3 Rangelands are assigned highest priority. The importance as 

well as the conservation-based production potential is 
explained in the text. 

Forest 1 S3 
Sparse vegetation 4 S2 
Rangeland 5 S1 

      
Drainage 
Density, DD 

0 - 32.13210054 1 28 S1 The spatial distribution of Drainage Density, DD, is shown in 
Maps based on Indicators derived. DD is classified in to 5 
levels (DD “Values” ranged from 0 to 195.09). 
 

32.13210055 - 62.73410106 2  S2 
62.73410107 - 91.04095154 3  S2 
91.04095155 - 122.4080021 4  S1 
122.4080022 - 195.0877533 5  S1 

      
Slope 0 - 9.395763397 5 6 S1 Gently slope area is more productive for human activity 

(conservation-based production of crops, livestock) and 
therefore, assumed highest weight. 

9.395763398 - 22.13160706 4  S2 

22.13160707 - 68.57981873 1  S3 
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     Figure 22: Land Use Suitability Map – Siri Toi Watershed 
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5. Participatory Management of “Nested Subsystems” within the 
Watershed     

5.1 Watershed - Nested Subsystems 
 

Integrated participatory management of the Siri Toi Watershed involves participatory planning, 

implementing, monitoring and adjusting, and evaluating a course of action involving natural, 

human and other resources. A more detailed Field Guide or Manual such as a stakeholders' 

engagement plan needs to be prepared. Such an exercise is beyond the scope of the present 

effort. However, this Chapter presents the collaborative participatory process of shared 

management of Siri Toi (and similar watersheds). WUO-managed Collective Action in 

managing micro-watersheds is the focus of this section. Role and functions of the 

collaborating (government) implementing agency including a) the management of “reserved 

forests”, and b) guiding WUO-managed activities like agro-forestry and supporting other 

conservation-based production practices along with the role and functions of an external 

facilitating body (like an NGO in initial stages) are also discussed here. 

The aggregate of all “micro-watershed plans” would be the Watershed Plan.  

Such an integrated management process needs to examine and address the linkage and 

interactions between the different segments of the watershed. Therefore, it is important to 

identify such “subsystems” like micro or mini -watersheds and understand the characteristics 

and functionality of associated natural resources (mainly the hydrological) and human 

systems. The latter should consider socio-economic features as well, especially the living 

standards and livelihood activities of watershed communities. Essentially the crop and 

livestock production patterns that depend on limited natural resources that significantly 

influences environmental degradation. 

How the land and water upstream of the watershed is used affects how it can be used 

downstream. Watershed is a hydrological unit composed of sub-watersheds. Mini and micro -

watersheds are nested within sub-watersheds. Therefore, the integrated and holistic 

management approach of the Siri Toi Watershed considers the linkage between these 

“nested” sub-systems and aims at optimizing watershed-wide land and water use efficiencies. 

Accordingly, the planning and implementation method and strategy should also cover the full 

network of hydrological units involving “mini”, “micro” and other “sub-watersheds” (and even 
up to its highest order, namely, the river basin), to provide a strong framework for natural 

resources management. Likewise, it is important to establish an institutional framework 

satisfying the interests of resource users in all these segments of the watershed.   

In this context, the integrated management strategy of the Siri Toi Watershed considers a 

planning process involving the hierarchically nested hydrological units, and a matching 

network of users’ organizations. The lowest level unit is conveniently accessible to every 

member of the community. These communities and their livestock are currently utilizing the 

watershed resources and, therefore, creating awareness, mobilizing them, developing a sense 

of ownership, and facilitating the formation of a base organization as strong building blocks, 

thus a prime consideration for integrated watershed management. A strong network of users’ 
organizations matching the nested hydrological units undertake Collective Action in 

participatory planning and management of watershed improvements. Demarcation of these 

nested hydrological units or subsystems is detailed below. 
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5.2 Demarcation of Sub-watersheds, SWs 
  

Based on hydrological considerations or “stream order”, the Siri Toi Watershed was divided 

into sub-watersheds. The process is illustrated in Figure 23 and the output is shown in Figure 

24. Subsequently, the lower levels of hierarchically nested hydrological network, namely the 

micro and mini -watersheds are demarcated.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: Sub-watershed demarcation process

Create half water basin and watersheds via 
QGIS 

Categorize small water basins into different 
watershed based on the stream network. 

Convert raster watersheds into vector polygons. 

Reclass them by detailing the watersheds. 

Select suitable micro-watershed patches and 
export them as a new layer based on the stream 

network. 

Merge small watersheds patches within one 
layer. 

Dissolve the merge sub-watershed layer. 

Sub-
Watershed 

DEM 



 

     55 

 
                          Figure 24: Siri Toi Sub-watersheds with DEM  
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5.3  “Ranking” Sub-watersheds for Interventions   
 

One condition of the present assignment is to develop a transparent method for selecting 

areas within Zhob and Mula basins for rehabilitation and watershed management 

interventions. Utilizing Siri Toi Integrated Watershed Management Plan methodology for 

scaling-up or expanding the Siri Toi experience to Zhob and Mula river basins is discussed in 

Chapter 6. However, as the participatory integrated watershed management process cuts 

across the different levels of the watershed, the transparent site selection method is examined 

at this stage.  

It was evident from the analysis in Chapter 2 that the Siri Toi Watershed is degraded mainly 

due to a) mountainous terrain and associated dendritic drainage pattern and b) “it is being 

used” by communities and their livestock. Hence, the two most important parameters affecting 

watershed improvement as well as degradation are land degradation and population density 

(the latter, as a proxy to represent human action).  Therefore, the degree of land degradation 

and the density of population have been identified as the primary criteria for prioritizing 

subsystem areas for integrated watershed management.  

This method of demarcating and ranking sub-watersheds is developed using Siri Toi as a 

sample and subsequently applied to the greater Zhob and Mula basins in Chapter 6. As the 

logical first step, purely based on hydrological considerations, sub-watersheds have been 

demarcated (Section 5.2 described the process). Next, a scoring system has been formulated 

and the sub-watersheds were “ranked” using the scores26. Tables 11 and 12 indicates the 

computations of population density and land degradation indices. The final ranking of sub-

watersheds of Siri Toi Watershed, together with final scores are shown in Table 13. The area 

and population of respective sub-watersheds are also indicated in the Table. The sub-

watersheds with respective ranking are shown in Figure 26. Finally, the micro-watersheds are 

demarcated and, adopting the same methodology, micro-watersheds are “ranked” (Section 

5.3.2). Micro-watershed is the “basic hydrological unit” for (participatory) planning and 
community-based watershed management.   

 
Table 11: Computation of Population (density) Index    
 

                            

1 709 115 6.17 10.00

2 1242 233 5.33 8.64

3 1509 235 6.42 10.41

4 469 162 2.90 4.70

5 2080 128 16.25 26.35

6 1535 75 20.47 33.19

7 814 197 4.13 6.70

Population 

Index(%)

Population 

sum
ID

No of 

Points
Average

 
                            Total Population is 8358 Area: 82440ha 

 
 
 

 
26 As the “units” of scores computed for these two Indicators are in %, for each sub watershed, the 
SUM of scores (i.e., land degraded + population) is taken as the score of for ranking. 
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Table 12: Computing the Index for land degradation  
 

ID
Land Degradation

sum

No of 

Points
Average

Land Degradation 

Index (%)

1 99 115 0.86 13.09

2 253 233 1.09 16.51

3 279 235 1.19 18.05

4 90 162 0.56 8.45

5 136 128 1.06 16.16

6 85 75 1.13 17.24

7 136 197 0.69 10.50

Land Degradation

 
                            

5.3.1 Sub-watershed (SW) ranking 

 
Sub-watersheds ranking process is summarized in Figure 25 (“A” and “B”).  
 

A. Population 

 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25 – A: Sub-watershed ranking – Step-1, developing an Index/Score for  
                        population density 

Prepare Excel table including, 

(i) Number of points 

(ii) Sum of the population.  

Generate points for each pixel based on 

population density layer.  

Extract population density values to generated 

points. 

Segregate points based on the sub-watershed 

boundaries. 

Export points as new layers according to sub-

watershed boundaries. 

Calculate average population for each point of 

sub-watersheds. (Convert them to percentage) 

 

Sub-watersheds with 

Ranked Population  
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Sub watershed ranking process continued……. 
B. Land Degraded 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25 – B: Sub-watershed ranking process – Step-2, developing an Index/Score for  
                        “Degree of land degradation”  
 

Table 13: Final Ranking of sub-watersheds 

SW ID Final Index* Rank Area, ha Population 

1 23.09 5 8280 709 

2 25.16 4 16776 1242 

3 28.47 3 16920 1509 

4 13.14 7 11664 469 

5 42.51 2 9216 2080 

6 50.43 1 5400 1535 

7 17.20 6 14184 814 

 

Considering the size (16776, above average), population (1242, above average) and the 

terrain (representing a wide range), the sub-watershed 2 (SW2), which is ranked “4” (Table 
13 above), is selected for illustrating “participatory integrated planning and implementation”.  
 

Reclassify Land degraded layer based on 
the weights. 

Export points as new layers according to 
sub-watershed boundaries. 

Segregate points based on the sub-
watershed boundaries. 

Extract classified land degraded layer 
values to generated points. 

Prepare Excel table including, 
i) Number of points 

ii) Sum of the Land degraded 

intensity.  

Calculate average Land degraded Intensity 
for each point of sub-watersheds. (Convert 

them to percentage) 

Generate points for each pixel based on 
population density layer.  
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                Figure 26: “Priority ranking” of Siri Toi Sub-watersheds for rehabilitation/watershed improvement
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5.3.2 Micro-Watershed (MW) ranking 

 

This method can be extended to lower levels such as “micro” or “mini” -watersheds. Sub-

watershed 2 (ranked number 4) of Siri Toi Watershed has been selected to illustrate the 

proposed participatory process of community-managed interventions, focusing on community-

managed infrastructure and Nature-based Solutions. For ranking MWs, the same method was 

adopted. The development of indicators or indexes and the selection process is shown in the 

following Tables. 

Table 14: Computation of Population (density) Index for Micro-watersheds of Sub-watershed  
                2 of Siri Toi Watershed 
 

ID 
Population 
sum 

No of 
Points Average 

Population 
Index (%) 

1 42 26 1.62 3.02 

2 97 18 5.39 10.07 

3 272 37 7.35 13.74 

4 71 11 6.45 12.07 

5 96 16 6.00 11.22 

6 224 36 6.22 11.63 

7 96 17 5.65 10.56 

8 205 30 6.83 12.78 

9 88 17 5.18 9.68 

10 84 30 2.80 5.23 

    238 53.49   

    100.00 
Note: ID=Micro-watershed ID, Land D. is Land degradation Score 

 
 
Table 15: Computing the Index for land degradation  Index for Micro-watersheds of Sub  
               -watershed 2 of Siri Toi Watershed    
 

ID 
Land 
sum 

No of 
Points Average Land D Index (%) 

1 38 26 1.46 14.78 

2 9 18 0.50 5.06 

3 58 37 1.57 15.86 

4 15 11 1.36 13.79 

5 12 16 0.75 7.59 

6 38 36 1.06 10.68 

7 7 17 0.41 4.16 

8 24 30 0.80 8.09 

9 20 17 1.18 11.90 

10 24 30 0.80 8.09 

    238 9.89   

    100.00 
Note: ID=Micro-watershed ID, Land D. is Land degradation Score 
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Table 16: Final Ranking of Micro-watersheds of Sub-watershed 2 of Siri Toi   

                 Watershed together with additional indicators   

ID 
Overall 
Rank 

Population 
Index  

Land 
degradation 

Index 
Area (km2) 

1 7 3.02 14.78 21.6 

2 8 10.07 5.06 12.24 

3 1 13.74 15.86 21.6 

4 2 12.07 13.79 10.8 

5 6 11.22 7.59 19.44 

6 3 11.63 10.68 25.92 

7 9 10.56 4.16 12.24 

8 5 12.78 8.09 11.52 

9 4 9.68 11.90 1.44 

10 10 5.23 8.09 7.92 
ID=Micro-watershed ID, Land D. is Land degradation Score 

 

The Micro-watersheds with respective rankings are shown in Figure 27. Land suitability and 

infrastructure of Siri Toi Watershed sub-watershed 2 (SW2) are shown in Figure 28, and SW2 

land suitability together with “population distribution” is presented in Figure 29.
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                 Figure 27: “Ranked” Micro-watersheds of Siri Toi Sub-watershed (SW)-2 with stream network 
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                      Figure 28: Siri Toi Sub-watershed (SW)-2, land suitability and infrastructure  
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              Figure 29: Siri Toi Sub-watershed (SW)-2, land suitability and population distribution 
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5.4 Community-managed “Production with Conservation” Including   
Rangelands       

 

Chapter 4 submitted a methodology for identifying the types and locations of watershed 

infrastructure and land suitability. In addition to such infrastructure, the major land and water 

use interventions have been presented under three categories (Chapter 1): 

(i) Community-managed “production with conservation”, including “social forestry” and 
managing the Rangelands. 

(ii) Forest managed directly by the Forest Department. This is “protection forestry” in 
environmentally sensitive areas and the community may not be involved (implying only 

protection), for example, in steep slopes. 

(iii) Additional buffers and “reserved areas”; zones or spots for aesthetic purposes 
managed by the Forest Department. 

 

Watershed communities will be organized into WUOs. The base WUO will be at Micro-

Watershed (MW) levels. It is proposed to federate WUOs to form a hierarchical “Network” 
matching with the “Nested subsystems” of the watershed. This Section presents a participatory 

strategy and process for WUO-managed “production with conservation” that will be mutually 

beneficial to watershed communities and the downstream land and water users. It would be 

useful to develop a separate “implementation guide” detailing the implementation procedures.    

 

Community-managed “production with conservation”, including Rangelands management, is 

an organized community-based activity. This includes but is not limited to: 

(a) Crop and livestock production with adequate conservation and conservation-

based farming (including seasonal field crops, fruit crops, fodder, and grasses, 

especially in community-managed Rangelands). Adaptable agroecological 

methods and technologies like System of Crop Intensification (SCI) will be 

organized and managed by the Watershed Resource Users’ Organizations 

(WUOs) primarily through the Collective Action (CA). The need for CA has been 

briefly described in Chapter 3. The process is outlined in the following Sections of 

this Chapter.  

(b) Agroforestry (under the guidance of the Forest Department and other line agencies 

like Agriculture Extension).  

(c) Community-managed forestry (under the guidance of Forest Department). For 

example, a forest of fruit-bearing trees. This needs “Usufruct” or legal right 
accorded to the (organized) community to use and derive income and benefits 

(may be renewable based on certain conditions). 

 

Rangeland development and managing animal husbandry: Rangelands provide a 

diversity of uses and wildlife habitats. The major objectives of improving the Rangeland 

management: 

(i) To provide a natural “home” for a variety of flora and fauna including wildlife, 
medicinal plants. 

(ii) To improve as a source of livestock feed, mainly forage. At least some part of 

Rangeland can be converted to Pastures (for producing adapted forage plants for 

livestock).  

(iii) To improve economic value in order to enhance incomes of watershed users (and 

improve the well-being of the rangeland people). For example, to improve quality 

of land for conservation-based (or ecological) farming organized production and 
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value addition of medicinal plants and other productive herbs, fruit trees, organic 

manure, fuelwood, solar power generation, recreational activity, and such. 

(iv) To improve the capacity to store water and distribution. 

(v) To improve natural beauty (also related to recreation activity), including forestry. 

 

Managed livestock would be the significant focus on improved Rangelands management. With 

the assistance of Mobilizers and Facilitators, Watershed Resource Users’ Organizations are 
expected to organize the adoption of conservation practices in farming, e.g., live fencing, 

graded bunds and drains and biological stabilization, mulching, recycling of crop residues and 

composting, maintaining multi-strata canopies, and crop-livestock integration.  

 

As mentioned in Chapter 3, the degradation of watersheds is mainly due to non-point sources. 

Therefore, CA is important. As previously stated, “CA can convert eco-destructive livestock-

overgrazing, associated with individual decisions and practices, into environment-friendly 

planned-grazing organized through mutually beneficial collective action”. 
 

This is more important in Rangeland management. “Sustainable Land Management Project II 
(SLMP II) of the Ministry of Climate Change funded by UNDP-GEF has intensively analyzed 

this issue.  It has been observed that “over- harvesting and misuse of rangelands extending 

over vast areas is seriously constraining livestock production, thus, adversely affecting the 

livelihood of pastoral communities” (IUCN Pakistan, 2017. p1) …. “Due to the ever-increasing 

human and livestock population, there is an enormous pressure on natural vegetation in 

almost every agroecological region of the country. Overgrazing of rangelands has extensively 

decreased its carrying capacity” (ibid, p33) … free grazing of livestock is extremely destructive 

to forest and vegetation cover. In Balochistan, livestock production primarily depends upon 

rangelands…. in Balochistan, 90% of the required livestock feed is provided by rangelands. 

With the increase in livestock population there is heavy pressure on natural vegetation. During 

periods of feed scarcity, thousands of cattle, sheep, and goats depend on fodder plants, which 

are lopped off the main stem. Unsystematic livestock grazing reduces the productivity of 

rangelands due to soil compaction, de-vegetation of fragile slopes, destruction of terraces and 

selective destruction of growing trees and shrubs. Since the economy in desert regions is 

pastoral, it affects both livelihoods of the desert dwellers as well as influences the fragile 

environment. P32.   

 

Potential conflicts 

 

As revealed from the Ground-truthing work, the “unplanned” grazing by the herds of nomadic 

migrants is significant. It is proposed to organize “mutually beneficial” arrangements between 
WUOs and the nomadic migrants to avoid conflicts and maintain healthy Rangelands. 

 

5.5  Social Mobilization of Watershed Users’ Organizations, WUOs 

 

Chapter 3 presented the rationale for Investing in Social Capital in Protecting Natural Capital 

and the focus for the rest of this Chapter will be on facilitating collective action by the 

watershed communities. Section 5.7 illustrates the planning, implementation and expected 

outputs in a sample micro-watershed. 
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A change in attitude and behavior and, most importantly, organizing the activities of 

communities, including the management of livestock is required. A cost-effective, short-term 

solution would be to engage an experienced NGO to undertake a catalytic process to organize 

communities at different levels. This would facilitate the formation of a “Watershed Users' 
Organization (WUO) network” matching with the hierarchically nested hydrological units as 

referred to under the Watershed Nested Subsystems. 

A multi-level organizational structure of WUOs is envisioned. At the base level, the community 

involvement would be based on mini watersheds. These would act as building blocks of the 

future institutional framework.  These would be federated upwards to sub-watershed based 

WUOs and ultimately to form a strong Watershed Resource Organizations Network. In the 

future, this network would be linked with the Water Users’ Association Network of the 
command area. Watershed Resource Users’ Associations will be strengthened through 

participatory methods, specifically experiential capacity building.  

These organizations are expected to undertake Collective Action, such as the following: 

(i) Organize members to plan and manage land & water (for example, land and water 

resources management of a sub-watershed will be planned and managed by the 

Organization at that level). They will undertake the construction of minor water and soil 

conservation and water harvesting, organize the adoption of an improved and 

environmentally friendly package of practices (POP) for production (e.g., crop and 

livestock). 

(ii) Organize input-output services to improve land and water productivity and 

conservation. 

(iii) Organize and undertake post-harvest handling (including cleaning, sorting, grading 

and packing), value addition and other business and services. 

(iv) Organize other income-generating activities including livestock (including feed supply 

like fodder production). 

(v) Develop collaborative partnerships with government and other service providers. 

(vi) Conduct participatory self-M&E. 

 

Need for a Catalytic Process 

There is a need for changing attitude and behavior and most importantly organizing the 

activities of watershed resource users. For example, changes expected in management of 

natural resources in a sub-watershed selected for interventions would include: 

a) Strengthen existing users’ groups OR any existing productive Collective Action, if any. 

And/or form new organizations for Collective Action including sub-watershed-wide 

participatory planning, plan implementation and associated input-output services, 

conflict management and self-monitoring and assessment, because without collective 

action, it would be difficult to achieve sustainable watershed natural resource-base. 

b) Improve resources users’ knowledge and skills on production, conservation, and 

related services to organize Collective Action for adopting conservation measures to 

arrest factors responsible for the degradation of natural resources.  
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As the water users are not yet organized, social mobilization is proposed.  Therefore, there is 

a need for a catalytic process to organize them, for planning land and water use for “production 
with conservation”, input-output services, and conflict management to name a few. Watershed 

Resource Users’ Network needs to be linked with government agencies and other service 
providers. Initially, these need to be facilitated. Ideally, a trained and experienced cadre of 

catalysts and a multidisciplinary team of specialists would be required to change the behavior 

of watershed resource users, organize them for Mutually Beneficial Collective Action and 

strengthen WUOs. Employing an experienced NGO is an alternative.  

At the same time, the project may consider enhancing the capacity of an appropriate 

implementing agency (such as the Forest Department), including an appropriate institutional 

mechanism, such as recruiting an experienced cadre of catalysts at different levels. Such an 

initiative of building “in-house capacity” would be beneficial in extending the Siri Toi Integrated 

Watershed Management Plan experience to other areas (see Chapter 6).  

The proposed mobilization process, outlined below, may be initiated in parallel to the design 

and construction of heavy and urgently required Watershed Infrastructures.  Creating 

awareness, mobilizing communities, and developing the Future Vision are key start-up 

activities. Considering this as an urgent intervention is strongly encouraged.  

 

5.6 Micro-watershed Level Planning and Implementation Process  

 

This process would include the following: 

(i). Identify PMO staff to work with (NGO) Facilitating Team (FT and PMO 

counterparts). Initiate a consultative process among FT, subject specialists, and 

administrative and management authorities.  

(ii). Prepare and obtain maps, mark “mini” or “micro” -watersheds or WUO areas 

based on hydrological boundaries.  

(iii). Decide on areas (i.e., WUOs) which should be selected for plan preparation. 

(iv). Assign Facilitators to selected WUO areas (mini or micro -watersheds). 

(v). Conduct a "pre-service capacity-building course" for the Facilitators. Advice and 

equip them with required procedures to ensure that beneficiaries select the correct 

"mix" of members for the Management Committee and the other committees within 

WUO (such as the Planning Committee)  

(vi). Awareness Building: Information, Education and Communication (IEC) Campaign 

would be ideal. Otherwise, this can be done mainly by Facilitators. Topics include 

Project’s scope and components focusing on Integrated participatory watershed 
management, mutually beneficial Collective Action by watershed communities, 

WUO development, interventions-broad areas: Infrastructure, NbS. 

(vii). Facilitator enters the community: Understanding of local communities and their 

activities. Strengthen the awareness within watershed communities: further via 

intervention logic including the present status of the watershed, benefits of 

watershed management, the rationale for taking hydrological units for planning 

and implementation. 

(viii). Facilitator (under the guidance of mentors) will gradually mobilize Collective 

Action. This provides opportunities for beneficiaries to identify real leaders. Such 

activities will also generate incomes and bind people together for further collective 

action and build-up Social Capital.                     
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(ix). Help communities to develop WUO or watershed development VISION. The FTs 

and PMO Staff team can first explain the project strategy, how the infrastructure 

could help WUOs. Dialogue on “What should be the path towards achieving the 
goal”.   

(x). WUO Formation: Even though this is listed at this stage, this should be on-going 

from the time the Facilitator enters the community. After mobilization, Facilitators 

will conduct FGDs (plus individual household visits as much as possible and 

whenever required).   

(xi). Plan for WUO Organizational Development through WUO-managed interventions 

(e.g., special committees, task forces). 

(xii). WUO selects a “Planning group”. 
(xiii). Participatory “walk-throughs”. Participatory mapping and participatory dialogue 

(FTs or Facilitators participate and assist or provide technical guidance for 

mobilization etc.). Assess the present land and water use situation jointly with the 

respective WUO members or planning team of WUOs.    

(xiv). Identify interventions (conservation-based production, community-constructed 

and managed infrastructure etc.). 

(xv). Initiate mini-project formulation and “action plan development process” for the 
micro-watersheds and WUOs.  

(xvi). A participatory resource management "Mini-Project" would be formulated for each 

micro-watershed (see Section 5.8 below). A unique feature of a “Micro-

watershed Mini-Project” owned and managed by the base-level community 

organization (WUO) is that it covers the entire land area of the micro-

watershed. The “mini-project” aimed at changing the present land and water use 

pattern to an eco-friendly yet more profitable and diversified resource use aimed 

at “conservation-based production”. This approach of combining production and 
conservation will use appropriate production practices like SCI (activities, 

technologies and techniques), including micro watershed infrastructure (e.g., 

water harvesting, soil and water conservation, sediment management, novel 

shared control arrangements etc.).  

(xvii). Develop activity plans where activities are given in the correct sequence and "who" 

will do "what" etc. {Important Step: Out of these interventions, select activities that 

are more attractive (quick-yielding, higher profits) and that could be started even 

before infrastructure development (by formal or informal groups of beneficiaries)}. 

Note: all the interventions proposed are to be managed by WUOs. WUO-managed 

input-output services are crucial. WUO-managed special livelihood activities for 

weaker sections. Women-focused activities. Value-added activities. 

(xviii). Dialogue and debate including “How could WUO utilize collective action (Social 
Capital) in realizing the vision and goal?” Reach a consensus on the final plan and 

the division of responsibilities {FTs and/or Facilitator help the WUO and/or 

Planning Group to take interventions one by one and develop the "process" 

stepwise. Indicate the inputs: sources etc.}. NOTE: Plan should cover the entire 

landscape of the mini or micro -watershed or WUO area.  

(xix). Participatory Performance Assessment and Target Setting (PPATS).   
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5.7  GIS with Communities 

 

Watershed users need to be convinced on the benefits of the project and the need for CA. 

The entire community within the micro-watershed or a mixed, representative group can be 

selected for participatory planning. Communities can be motivated and assisted to prepare 

maps, one (retrospectively showing the situation, say three decades back) and another 

showing the current situation. The group should include people who have lived there for at 

least 3-4 decades. A few educated youths may be included in this process.  

During initial interactions, the major causes for resource degradation can be discussed. In the 

process, people’s attitudes could be changed favorably. They need to be convinced on the 

utility value of maps and GIS in planning, monitoring and presenting the changes in natural 

resource conditions. GPS can be used during participatory walkthroughs (PWTs). Once the 

group reach a consensus on the accuracy of information included in the maps, they can be 

motivated to develop the future vision, say “how the MW should look like in 3 years and 10 
years”. Examples of watershed development in similar areas and the required technical inputs 
can be provided and integrated with local knowledge.   

Information and data can be gathered through participatory processes including PWTs and 

dialogues. Transferring data to GIS system may be done onsite by the participatory planning 

team. Alternatively, data may be sent to GIS experts for additional analyses and improved 

mapping or presentations and reports. In the end, outputs can be shared with higher 

authorities such as policy makers. 

Advantages of using “GIS with communities” 

• Can involve all the members of the community or resources users within the micro-

watershed(s), sub-watershed(s) and the watershed (e.g., small groups, agriculture or 

livestock sub committees, a few educated youth, if available, may even work closely 

with project’s GIS or planning and monitoring staff in developing specific tasks like 

developing GIS database and preparing maps using basic GIS tools. If capable 

members are not available, the facilitating NGO or agency may convert community-

developed sketches to GIS. All will participate in decision-making (like discussion and 

reaching consensus on plans, implementing tasks, participatory assessments) 

• Benefits of collective action (CA) can be convincingly demonstrated (these include CA 

that are mutually beneficial to watershed and command area users)  

• Helpful in visualizing outcomes, developing future vision 

• Participatory Performance Assessment and Target Setting (PPATS) can be 

strengthened (and becomes more beneficial) with GIS, for example, assessing the 

spatial and temporal variations. This will be helpful in sharing experiences and learning 

from each other and bridging the gaps. GIS is helpful in convincingly presenting 

situations  

• GIS in participatory planning and assessments can avoid the unfavorable influences 

of top–down decisions or directions 
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5.8 Micro Watershed “Mini-project” - Illustration 

 

As indicated in Section 5.3.2, sub-watershed-2 (which ranked as the “most suitable area for 
integrated watershed management, based on the proposed Methodology) of the Siri Toi 

Watershed has been selected to illustrate participatory “micro-watershed management”. 
Micro-watershed ranked 5 (within the sub-watershed-2), hereafter labelled as ST-SW2-MW5 

is selected to illustrate the proposed participatory process of community-managed 

interventions, focusing on community-managed infrastructure and Nature-based Solutions. 

This is selected purposively, based on the following: 

• Population distribution  

• Stream Network order  

• Elevation and Land Suitability parameters 

Map of ST-SW2-MW5 including infrastructure distribution, population density (distribution), 

land suitability and the contour, is shown in Figure 30A and 30B. As the scale permits, the 

lower levels of infrastructure could also be selected. The following classes of different types 

of infrastructure are selected for mapping. It should be noted, however, a considerable degree 

of “flexibility” is considered in developing the methodology and the final model for identifying 

watershed infrastructure. The georeferences for all levels of infrastructure are available in the 

database and only the most suitable sites (included in “level 1”) are attached as Appendix-2. 

Therefore, actual planning and the implementation at community level can make use of the 

database and conduct detailed spatial planning and assessment. 

(i) Check Dams, CD: 3 levels (level 1 did not appear at the micro-watershed level)   

(ii) Storage Tanks, ST: Levels 1 and 2  

(iii) Percolation Tanks, PT: Levels 1 and 2  

Next, participatory land and water use planning process need to be conducted (an outline will 

be included in this report27. The major activity at this stage is the participatory planning of 

interventions. In addition to watershed infrastructure (discussed in chapter 4), the interventions 

would include agroecological farming systems such as crop–animal husbandry integration, 

multi-level canopy mixed cropping and intercropping, relay cropping, crop rotation and etc., to 

maintain optimum biodiversity and aim at income and employment generation. From the 

beginning, for example at participatory planning, the “vision building” using two (GIS aided) 
maps, one showing the current resource use and the other showing the desirable and shared 

future vision in which action for individuals are indicated, creates a sense of ownership, 

belonging and commitment. This means that the resources users in such micro-watersheds 

have “action plans” that guide them to the planned future from the current status of resources 
use.  

A degraded spot (Figure 31) captured by the ADB resource person during the Ground-truthing 

work in the sub-watershed number 2 of Siri Toi Catchment is taken to illustrate the “expected 
future resource use pattern”. Such illustrations can be utilized to educate, motivate and assist 

watershed resource users (As suggested in Section 5.7, GIS can be taken to community level). 

Such a “future vision” is useful in participatory “target setting”, planning and monitoring.  

 
27 As mentioned earlier, a detailed “field guide” may be developed during the implementation stage 
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             Figure 30A: Micro-watershed Ranked 5 of Siri Toi Sub-watershed (SW)-2 (labelled as ST-SW2-MW5), with infrastructure, land suitability,  
                                     population distribution, stream network and the 10m Contour – First level sites of infrastructure 
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                  Figure 30B: Micro-watershed Ranked 5 of Siri Toi Sub-watershed (SW)-2 (labelled as ST-SW2-MW5), with infrastructure, land suitability,  
                          population distribution, stream network and 10m Contour – First and second levels sites of infrastructure (indicated by two sizes of  
                          same symbol)  
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Figure 31 (Photograph) shows a cluster of houses of watershed inhabitants. These watershed 

resource users can manage their immediate catchment or micro-watershed through collective 

action in collaboration with the Forest Department. Gradually, this area could be converted to 

an ecologically sustainable system, as schematically illustrated in the Figure 32. It would 

reduce soil erosion and sediment transport, minimize flash floods and flood damage, enhance 

and extend the water retention period, and improve their crop and livestock incomes.  

 

Figure 31:   A degraded spot with a cluster of houses (This is one of the many photographs 

captured by the ADB Resource person during the Ground Truth (GT) field work. It is suggested 

that these watershed users can protect the neighboring small hill tops while earning profits) 

 

Figure 32. Future “vision” of a watershed resource user’s group (a degraded area converted  

                 to an ecologically sustainable system, as schematic illustration) 
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Conservation measures, which can generate income at the same time are mutually beneficial 

to watershed users and the Siri Toi command area farmers. For example, the Forest 

Department can establish forest plantations in the very steep slopes while the lower slopes 

could be allocated for medicinal plants and fruit trees (see Figure 32).  

Enhancing Baseflow through Community Action 

This will enhance the baseflow while generating income for the watershed users and 

sustainably protecting the watershed environment such as contour bunds, storage and 

percolation tanks and drains are established, to cover the entire landscape. This strategy will 

help achieve the project’s dual objective of maintaining (or enhancing) the predicted inflow to 

Siri Toi Reservoir and, achieving “200% cropping intensity with plantation forest and arid fruit 

plants” (TA Feasibility study, p142). Planting suitable plants as hedges, growing seasonal cash 

crops and perennials between bunds, increasing soil moisture retention using mulch, avoiding 

chemicals, and adopting biological measures and renewable energy, primarily solar power, 

integrated pest management, and organic farming. Novel modes of state-user partnerships in 

land and water resources use can be arranged.  

Low-cost Renewable Energy Sources 

As shown in the illustration (Figure 32, low-cost ways of solar power generation can be 

promoted.  WUO or a small group within WUO (like the “cluster” of households shown in the 
photograph) can be linked to a local bank as a source of credit during the infant stage of WUO 

and/or group.  

From Micro-watershed Plans to Watershed Plan 

The aggregate of all micro-watershed plans (or the WUO Plans) would be the watershed 

plan. The planned future land and water use patterns in selected areas of a micro-watershed 

are illustrated in Figure 33. This could be a mini-project for conservation-based production 

maintaining ecological integrity. The project may back up such mini projects with a grant or 

rotating funds based on performance, objectively assessed by participatory methods.  

Deforestation, inappropriate hillside cultivation, and unfavorable consequences like reduced 

water availability downstream, erosion, sedimentation, distorted runoff patterns, decline in 

water quality and such, would be minimized. It is proposed that hilltops and high slopes should 

be under the land cover category of dense forests. Most such areas would come under the 

control of the Forest Department.  

User-state Partnerships and Acceptable Usufructuary Rights 

As illustrated in Figures 32 and 33, in lower slopes, conservation-based agroforestry can be 

launched with woody perennial and fruit trees and users benefitting from the yield through 

proper user-state partnerships and acceptable usufructuary rights. In this region and lower 

areas where conservation-based farming with the integration of livestock is done, the 

emphasis will be on conservation farming, aimed at balancing production and protection.  
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Figure 33. Future “vision” of a Watershed Users’ Organization Network (A long-term plan to convert a degraded watershed to an ecologically sustainable  

                 system, a schematic illustration) 
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The main features of the micro-watershed production-protection plan or mini-project that 

illustrate the elements of the proposed strategy are: 

a) The action plan covers the entire geographic area of the micro-watershed subdivided 

into “zones” for different land uses, crops, grazing (including Rangelands), 

agroforestry etc. 

b) It recognizes the function of each major segment of land use in the landscape, in the 

watershed context. 

c) It recognizes the need for resource use change in each of these land segments for 

improving the livelihoods of all the people. 

d) It identifies major zones for conservation-based production, facilitating planning and 

scheduling of all related activities so that the respective WUO can mobilize resources 

and exercise joint control over production processing. 

e) It has a path for new technology to flow into the community to improve the balance 

between protection and production: the resources users are exposed to new 

knowledge on conservation and conservation-based farming like establishing organic 

bunds, mulch etc., followed by earth bunds on contours with protective and productive 

plants and crops for a stabilized system that ensures even a nutritious family food 

supply (e.g., pulses and vegetables).   

f) It facilitates balanced disposal of economic activity in the community providing better 

work opportunities to everyone (vegetable farming, livestock farming, or trading). 

g) It gradually develops organization and leadership, provides mechanisms of self-

assessment and conflict resolution, increases the ability to analyze and predict, 

strengthens the bargaining capacity, and enhance the capacity to manage disasters. 

 

Locations or sites of watershed infrastructure would also be indicated, and suitable 

interventions will be proposed. Few sample interventions (taken from watershed interventions 

in dry climates) are shown below. 

 

   

         Figure 34: Examples of watershed infrastructure: C- Loose rock check dam for  

         reducing flow, d - Energy dissipater structure.  
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Figure 35: Examples of half-moons for water harvesting and erosion control - Illela, Niger 

Source: FAO, 2003, Optimizing Soil Moisture for Plant Production-The significance of soil 

porosity, Plate 62, FAO Soils Bulletin-79 by Francis Shaxson and Richard Barber 

 

 
Figure 36: Community action for the manual construction of a dam-soil is transported in bags, 

piled up and compacted layer by layer, Zambia (Source: Liniger, H.P., R. Mekdaschi Studer, 

C. Hauert and M. Gurtner, p96, 2011).  
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Figure 37: Aloe Vera life barriers are combined with stone barriers to control erosion in steep 

slopes (Source: Liniger, H.P., R. Mekdaschi Studer, C. Hauert and M. Gurtner, p120. 2011). 

 

 

Maximizing the Utilization of Rainfall  

 

Important features: 

1. “Shortening of crop season” to maximize the use of rain. One strategy would be for 

organize groups or WUOs advance nurseries using a supplementary source of water 

(e.g., storage tank, well). Planting could be done with the onset of rain. This would 

save time and water requirements.  

2. Adopting water, time and cost-saving methods like System of Crop Intensification, SCI.  

3. Reducing staggered cultivation: Planting the same age group crop varieties, organizing 

all the farmers to plant within a short time (e.g., within 7–10 days. If someone is getting 

late, request could be made to plant a short-age variety to harvest about the same 

time). Staggered cultivation is common. For example, the TA Feasibility study report 

mentioned that the crop coefficients were “modified to reflect midseason and staggered 
planting and harvesting”, (p21 TA Feasibility study, 2018).  

4. If available, harvest early and cultivate a short-age crop (promote diversified cropping) 
using residual moisture and saved water in ponds and tanks.  

5. Promoting the adoption of an improved package of practices (POP) through WUO-

managed Collective Action. 

 

Figure 38 illustrates the “possible” WUO-managed Collective Action for maximizing limited 

water resources. 
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Figure 38: Possible WUO-managed Collective Action for maximizing limited resources 

(Source of data for rainfall - Zhob: Table 13 and Figure 7 (p73) of ADB-TA Environmental 

Impact Assessment Report Part 3 of, 2018) 

 

NOTE: Data on rainfall in the Siri Toi Watershed were not available. The rainfall pattern 

in the Siri Toi Watershed could be different. However, the proposed strategy could be 

adopted. 

 

5.9 Monitoring and Evaluation        
 

This section proposes a methodology for participatory planning, monitoring and assessment 

including an operational procedure. The proposed participatory planning, monitoring and 

assessment adds action planning and target setting to the usual monitoring and evaluation 

(M&E) process. It can be integrated with M&E conducted by implementing agencies (and with 

Management Information Systems - MISs). Objectively verifiable indicators are proposed. It 

should be noted that, in the context of the current organizational or institutional strength and 

the level of literacy at the community level in a typical arid and semi-arid watershed, the 

proposed activities cannot be started immediately. It should be a planned intervention. 

Feasibility studies needs to be conducted and awareness creation and facilitation (by a 

“change-agent”) would be required. Watershed communities need to be “graduated” stepwise. 

Two integrated methods are defined, and the implementation process will be elaborated: 

Participatory M&E integrated into watershed action planning.  This will be conducted jointly by 

the resource users, implementers, facilitators (maybe involving NGOs). Participatory 

Performance Assessment and Target Setting would be the major method.  

In-depth M&E conducted by implementers (project staff): This mode involves M&E of 

watershed management interventions using objectively verifiable indicators as much as 

possible. The method and process will focus on “how” the watershed management 
interventions can be evaluated in respect to four broad areas. A few examples are given.  
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a) Effects of land and water use (conservation-related indicators are separated): 

vegetation cover (including forest), Canopy Stratification, water use efficiency and 

improving practices index. 

b) Effects on production, income, and profits: cropping index, yield, profit per unit of land, 

labor and water.   

c) Effects on soil and water conservation: e.g., Index based on: Soil Moisture Depletion 

Ratio, Soil Moisture Drying Coefficient, in-situ soil loss, soil fertility, decrease in 

resource degrading practices index, water quality (surface and groundwater).    

d) Effects on organizational and institutional aspects: Organizational Performance Index, 

Organizational Financial Viability Index, Membership Satisfaction Index, Collective 

Action: input services by (value, member, year) and marketing (e.g., profit, member, 

year).  

 

Participatory Performance Assessment and Target Setting, PPATS 

 

This is probably the most valuable tool for strengthening WUOs, and it is essential to support 

WUOs to internalize Participatory Performance Assessment and Target Setting, PPATS. It is 

also a powerful mechanism for spread effects or “horizontal expansion”. WUOs would reflect 

at the last quarter or month, assess and identify learnings, and set targets for the next quarter 

or month. PPATS needs to be organized and conducted in a participatory way. If organized 

and conducted in a participatory way and if objectively verifiable indicators are used, PPATS 

can be a powerful tool in accelerating CA.   

 

The PPATS process 

It is suggested that, initially, multi-disciplinary teams conduct Participatory Performance 

Assessment and Target Setting (PPATS), which can also be utilized to monitor and assist 

watershed and WUO activities. With maturity, WUOs can internalize a “Self M&E system”.  

The Facilitating Team, FT (including Facilitators, multidisciplinary supporting Teams providing 

technical assistance and mentors, consultants, and the relevant government staffs) would 

“look back” and reflect at the previous quarter (just at the end of that quarter), assess and 

identify learnings and set targets for the next quarter. Carefully selected and well-trained 

catalysts or change agents, mobilizers, proper guiding and mentoring, participatory target 

setting and assessment, and transparent reward and punishment (based on participatory 

performance assessment) would be the key elements contributing to the success of 

participatory watershed management. Mobilizers are the key change agents and educators 

(the experiential method). 

Monthly PPATS at micro-watershed level: WUO (similarly the Facilitator) prepare “Monthly 
Activity Plans” and conduct PPATS monthly with the Facilitator. The performance of WUO (or 

Facilitator, the entire Facilitating Team and, if aggregated up to watershed level, the 

performance of the entire watershed management process) would be “measured”. This is 

based on outputs or “what is achieved in the field” (and not just based on inputs like the 

“number of formal trainings” conducted). They will collectively examine the progress. 
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Individuals who underperform would have an opportunity to improve. Comprehensive 

“PPATS” workshops covering the entire project can be held quarterly. 

Indicators for Planning, Monitoring and Assessment 
 

A sample of “objectively verifiable indicators” are listed below. As suggested earlier, a detailed 
operational guide would be useful where the planning, monitoring and assessment indicators 

are clearly defined, and the process is elaborated. 

 

Soil and Water Conservation Related Indicators 

• Soil moisture drying pattern, Soil Moisture Depletion Ratio 

• Water balance at different levels (e.g., sub-watershed, watershed) 

• Changes in Time of Concentration (TC) 

• Water quality, surface, and ground 

• Water productivity, soil fertility (an index can be developed) 

• Soil fertility Index 

• In-situ soil loss  

• Vegetation cover, Species composition Index 

• Forest-specific indicators including % area covered (out of the potential) 

• Diversity of canopy and Canopy Stratification Index (CSI) 

• Reforestation, enrichment, and protection including WUO adherence to agreements 

• WUO adherence to operation and maintenance of infrastructure 

• Decrease in resource degrading practices index, conservation farming 

• Land and water use efficiency improving practices index 

 

Institutional and Organizational  

• Organizational Performance Index 

• Organizational Financial Viability Index 

• Membership Satisfaction Index 

• Organizational Sustainability Index 

• Constitution (Qualitative) 

• Level of Involvement of organizations in key interventions (qualitative and qualitative) 

• Level of WUO involvement in input-output services  

• Arrangements for collaboration and integration 

• Technology Knowledge index of conservation farming 

• Attitude index 

 

Users’ Living Standard 

• Annual Total Income per Household 

• Input use efficiency 

• Cropping Intensity 

• Change in labor demand 

• Degree of output disposal 

• Value addition (profit per person) 
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6. Scaling-up of Siri Toi Integrated Watershed Management Plan  

 

6.1 The Strategy  

 

Adopting and Adapting the Siri Toi Experience in Zhob and Mula Areas 

This chapter proposes methodologies for extrapolating and upscaling the Siri Toi Integrated 

Watershed Management Plan experience to the Zhob and Mula river basins.  

The objective of this chapter is to provide methods of extrapolating the Siri Toi Integrated 

Watershed Management Plan experience and process to the greater areas of Zhob and Mula 

River basins (and even beyond):    

1) Identification of key degraded land areas and spots for rehabilitation, land suitability 

and the types and sites for watershed infrastructure. 

2) Method and process of intervening and implementation:  A holistic approach with 

watershed water users’ participation in local-level (e.g., in the sub-watersheds) 

planning, implementation, and self-monitoring is provided.  

In data analysis, extrapolation could be interpreted as “predicting values for points outside the 

range of available data”. Extrapolation over a broader range (or being too far from the available 

data range) would not be accurate unless the variables and the concerned relationships 

continue over the entire range. This fact should be considered when extrapolating the Siri Toi 

land degradation spots and watershed infrastructure to cover Zhob and Mula28.  

In this context, the extrapolation or upscaling would be a combination of “adoption” and 
“adaption” of the Siri Toi process and experience to Zhob, Mula and other similar areas.  

The methodology developed for identifying degraded land areas and spots for rehabilitation, 

land suitability, and the types and sites for watershed infrastructure in the Siri Toi Watershed 

has been adopted for the greater Zhob and Mula basins as well.  Similar to Siri Toi, settlers 

and migrants are utilizing the resources in the greater Zhob and Mula River basins. Therefore, 

it is proposed to examine the location-specific conditions and adapt the “participatory 

integrated implementing process” including community-driven Nature-based Solutions (NbS). 

The participatory strategy is a fundamental principle beneficial to watershed management. 

However, the process could be adapted to suit the specific conditions. For example, the 

implementing mechanisms, including the utilization of existing community-based 

organizations or other institutional and organizational mechanisms can be adapted in 

collaboration with the beneficiaries to suit the specific local conditions of a sub-watershed in 

Zhob and Mula. Differences in conditions may include socioeconomic aspects as well.  

 

The Flexibility of the Siri Toi Watershed Planning Method and Model 

The Model used to identify watershed infrastructure and land suitability are flexible and could 

be adjusted, for example, by modifying the “weights and influence” assigned to the 

parameters. Moreover, as demonstrated in the previous Chapter, a considerable degree of 

flexibility is considered in developing the methodology (and the final Model) for identifying 

 
28 practically we can take random points from the maps and use them to predict unknown values for any geographic “point 
data”, but as there are no actual data to support, there is a high degree of uncertainty 
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watershed infrastructure. The georeferences for four levels of infrastructure are also available. 

Therefore, actual planning and implementation at the community level can use the database 

and conduct detailed spatial planning and assessment; if the scale of the map or space 

permits, the lower levels of infrastructure can also be selected.  For example, at the micro-

watershed level, lower classes of different infrastructure types are selected (see Chapter 5).  

In this context, the following process is presented in this Chapter:  

(i) Applying the same Model for identifying watershed infrastructure and land suitability by 

taking the entire basins of Zhob and Mula. This is the best method given the available 

data and information (illustrated in Figure 30).  

(ii) After running the Model and preparing the maps for Zhob and Mula (taking Zhob as an 

example) 

(a) Demarcate sub-watersheds (similar to the procedure followed in Siri Toi) 

(b) “Rank” sub-watershed sites for integrated watershed management by 

adopting the same transparent criteria, namely:  

• Degree of land degradation 

• Density of population (as an indicator of “human activity” including the 

impact of their animals) 

• The final Composite Index combining the two scores   

This is proposed as a transparent methodology for sub-watershed selection (refer 

to Section 5.2 and 5.3 of Chapter 5 for details). An outline is given in Section 6.2 

below, where the “Ranking” of micro-watersheds (MWs) is also presented.  

(iii) Based on the Siri Toi Watershed planning strategy and process, develop a “Knowledge 
Product” including:  

a). An outline of the concept and strategy adopted in developing the Siri Toi 

Integrated Watershed Management Plan, including the identification of 

infrastructure types and sites, land suitability and the “mix” of engineering and 
non-engineering solutions, and the multidisciplinary participatory approach.  

b). The detailed process of community-managed Nature-based Solutions (NbS). 

c). Special “spread mechanisms” to extend the Siri Toi integrated watershed 

management model to Zhob, Mula, and similar areas and basins. Relevant 

policy proposals and institutional arrangements too would be provided although 

detailed analysis of policy is beyond the scope of this report.  

 

6.2 Identification of Watershed Infrastructure and Land Suitability in the 

Zhob and Mula basins  

 

To identify watershed infrastructure and land suitability, the methodology used for Siri Toi has 

been adopted for the Zhob and Mula river basins. The adoption of the Siri Toi Model in these 

basins is illustrated in Figure 39. Similar to Siri Toi Watershed, for Zhob and Mula basins too, 

the primary outputs of spatial analysis included the following: 

i. Maps indicating present status, including the terrain characteristics, land cover, and 

the extent of deterioration. These were the inputs for the next step. 
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ii. Land use suitability, the types of bio-physical infrastructure for sediment management, 

water harvesting, conservation and groundwater recharge (Section 6.3).  

 

Following the procedure adopted in identifying watershed infrastructure, Multi-Criteria 

Decision Analysis (MCDA) and Analytic Hierarchy Process (AHP) were employed to identify 

watershed infrastructure types and sites in the spatial analysis. The most suitable geo-

referenced locations were identified based on the multiple topo-hydrological and other factor-

influenced judgments, and the multi-layer integration for appropriate infrastructure selection. 

Weighted Overlay models were used in weighting the multiple parameters and assigned the 

influence for the layers. Different land suitability and Hydrological parameters were evaluated, 

and subsequently integrated using a sequence of logical operations to generate land suitability 

maps. The Model developed can be used by adjusting parameters and adjusting the weights 

and influence assigned. 

 
Figure 39: Extrapolating Siri Toi Model (Watershed infrastructure) to Zhob, Mula and others 

 

Note: TRI= Terrain Raggedness, TWI=Topographic Wetness Index Stream Order (SO), 

SPI=Stream Power Index, STI=Sediment Transport Index, DD=Drainage Density, 

NDVI=Normalized Difference Vegetation Index. 

The results are shown in the following figures and arranged as follows: 

• Suitable sites for watershed infrastructure: most suitable and the next level (Top 

two classes, 4 and 3 out of 4)  

• Land suitability 

• Infrastructure sites with LULC & Land suitability   

• Sub-watershed demarcation and ranked for interventions 

• Infrastructure within sub-watersheds together with land suitability 

Population distribution is also shown in selected figures. 
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           Figure 40: Proposed sites for watershed infrastructure – Zhob basin 
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          Figure 41: Land suitability – Zhob basin (with stream network) 
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           Figure 42: Population distribution and stream network – Zhob basin 
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                     Figure 43A: Proposed sites for levels 4 (most suitable) and 3 (next level) watershed infrastructure with LULC – Mula basin (with streams).  

                                        See Section 6.1- “The flexibility of the Siri Toi Watershed planning method and the final Model” and possible reasons for “clustering”) 
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                  Figure 43B: Proposed sites for level 4 (most suitable) watershed infrastructure with LULC – Mula basin (with streams). 
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                     Figure 44: Land suitability –Mula basin (with stream network). Note: dark patch on the left is a low-lying area 

 



 

     92 

 

 

 
                         Figure 45A: Infrastructure, levels 4 and 3 sites and land suitability with stream network– Mula basin 
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                      Figure 45B: Infrastructure, level 4 (only the most suitable level”) and land suitability with stream network– Mula basin 
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6.3 A Transparent Methodology for Selection of Sites  
 

This section provides a brief account of the methodology developed and used in Chapter 5 

(Sections 5.2 and 5.3) for selecting sites for rehabilitating degraded areas for rehabilitation 

and adopting a process similar to the proposed Siri Toi Integrated Watershed Management 

Plan. 

Selecting sites from large river basins for rehabilitation and watershed improvement programs 

would be a formidable task.  Chapter 5 addressed this issue and a “transparent site selection 

process” has been developed using objectively measurable key Indicators, namely the 
“degree of land degradation” and “human activity”. This transparent selection method is 

proposed for selecting areas (from Zhob, in addition to the Siri Toi Watershed, and Mula River 

basins) for integrated watershed management. Objectively verifiable and measurable 

indicators, namely, the current status and degree of land degradation and the population 

density (as a “proxy” for human action) have been used. This METHOD is illustrated using Siri 

Toi as a sample.  

First, sub-watersheds were demarcated (Section 5.2 described the process). Next, a scoring 

system has been designed and the sub-watersheds have been “ranked” using the scores 

(Section 5.3).  The development of indicators and assigning scores and the results of sub-

watersheds demarcation and ranking for the selection for rehabilitation of degraded areas and 

integrated watershed management is given in this Chapter.  

This method can be extended to lower levels such as “micro” or “mini” -watersheds. This has 

been extended to Micro-Watersheds (MWs) level, and the MWs of a selected sub-watershed 

(SW) of Siri Toi has been demarcated. Subsequently, population distribution, land suitability 

as well as the types and sites of watershed infrastructure have been indicated (Tables 17 to 

22 and Figures 43-45). This was done to illustrate the community management of watersheds 

at the MW level.  

 

A). Zhob basin 

 

Table 17: Computation of Population (density) Index for sub-watersheds - Zhob basin    
                             

ID Population 

sum 

No of 

Points 

Average Population 

Index (%) 

1 11672 2263 5.16 1.76 

2 2659 706 3.77 1.29 

3 35902 1084 33.12 11.33 

4 10640 666 15.98 5.46 

5 154441 659 234.36 80.16     
100.00 
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Table 18: Computing the Index for land degradation  for sub-watersheds - Zhob basin   
  

ID Land D. 
sum 

No of 
Points 

Average Land D. Index 
(%) 

1 3789 2263 1.67 25.00 

2 1070 706 1.52 22.63 

3 1130 1084 1.04 15.57 

4 861 666 1.29 19.31 

5 772 659 1.17 17.49     
100.00 

 

As indicated in Section 5.2, the “units” of scores computed for these two indicators are in %, 

(for each sub-watershed) therefore, the SUM of scores (i.e., land degraded + population) is 

taken as the score for ranking. 

 

         Table 19: Final Ranking of Zhob basin sub-watersheds 

SW ID Final 

Index* 

Rank 

1 26.77 3 

2 23.92 5 

3 26.89 2 

4 24.77 4 

5 97.65 1 

 

 

B). Mula basin 

 
Ranking of the sub-watersheds of Mula Basin was done using the same method. 
 
Table 20: Computation of Population (density) Index for sub-watersheds - Mula Basin    
 

ID Population 
sum 

No of 
Points 

Average Population 
Index (%) 

1 8017.00 1704.00 4.70 6.89 

2 36991.00 1801.00 20.54 30.08 

3 1846.00 1454.00 1.27 1.86 

4 20995.00 1020.00 20.58 30.14 

5 4226.00 962.00 4.39 6.43 

6 3463.00 732.00 4.73 6.93 

7 27521.00 2280.00 12.07 17.68 
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Table 21: Computing the Index for land degradation  for sub-watersheds (SWs) - Mula Basin   

 

ID Land D. 
sum 

No of 
Points 

Average Land D. Index 
(%) 

1 4324.00 1709.00 2.53 14.31 

2 4345.00 1799.00 2.42 13.66 

3 3672.00 1454.00 2.53 14.28 

4 2775.00 1020.00 2.72 15.39 

5 2390.00 962.00 2.48 14.05 

6 1754.00 732.00 2.40 13.55 

7 5930.00 2274.00 2.61 14.75 

 

 

ID=sub-watershed ID, Land D. is Land degradation Score 

          

Table 22: Final Ranking of Mula basin sub-watersheds 

SW ID Final 

Index* 

Rank 

1 21.20 4.00 

2 43.74 2.00 

3 16.14 7.00 

4 45.53 1.00 

5 20.48 5.00 

6 20.48 6.00 

7 32.43 3.00 

 

For Zhob and Mula River basins, the sub-watersheds with respective ranking as well as sub-

watershed-wise spatial distribution of infrastructure, land suitability, and population, together 

with Stream Network, are shown in the following figures.   

 

As mentioned in Section 5.3 of this report, a considerable degree of “flexibility” is considered 
in developing the methodology and the final Model for identifying watershed infrastructure. 

The georeferences for 4 levels of infrastructure are available in the database. Therefore, 

planning and implementation at community level can make use of the database and conduct 

detailed spatial planning and assessment. 
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           Figure 46: Zhob basin – Sub-Watersheds (SWs), ranked based on population intensity and the degree of land degradation 
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           Figure 47: Zhob basin-sub-watersheds (with Population distribution, stream network and proposed sites for watershed infrastructure) 
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                             Figure 48: Sub-watersheds-Mula River Basin  
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                         Figure 49A:  Infrastructure, levels 4 and 3 sites and land suitability with stream network within sub-watersheds– Mula Basin 
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                        Figure 49B:  Infrastructure, (only) level 4 and land suitability with stream network within Sub-watersheds– Mula Basin 
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                 Figure 50: Population distribution within sub-watersheds – Mula Basin 
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                    Figure 51:  Population distribution within Mula Basin sub-watersheds, together with sites for infrastructure (and streams)
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6.4 Enabling Policy, Institutional and Organizational Arrangements 
   

The Government of Balochistan adopted the Integrated Water and Resource Management 

policy in 2006 with ADB’s support. The policy provides a comprehensive framework for the 
province to address water management and development using the basin approach, with 

water harvesting and groundwater recharging an integral part of watershed management 

(ADB-Transaction Technical Assistance, Climate-Resilient Water Resources Management, 

August 2018). This section presents a few suggestions to strengthen the policy, institutional 

and organizational arrangements required for integrated participatory watershed management 

for larger scale watershed such as for Zhob and Mula. 

 

Institutions and Organizational Arrangement 

(i) A multi-level organizational structure for watershed resource users: Watershed 

management involves functions and decisions at multiple levels, ranging from 

watershed resource users to national policy; hence an appropriate organizational 

arrangement is required and elaborated. The watershed management activities cutting 

across micro-watersheds (or the WUOs) are discussed in this section. 

 

(ii) Watershed user level: As described in the previous Chapter “Watershed (land and 
water) Resources Users” can be organized for Collective Action. At the base-level, the 

community involvement would be on the basis of “micro-watersheds”. These would be 
the “building blocks” of the future institutional framework.  These would be federated 

upwards to sub-watershed-based organizations and finally up to watershed level. This 

will lead to the formation of a strong Network of WUOs. 

 

(iii) Institutions and organizational arrangements for implementing, regulating, supporting 

(including service provision) at different levels: A parallel institutional and 

organizational arrangement is proposed for strengthening the agencies responsible for 

watershed management and for better coordination. This institutional structure and the 

organizational arrangement are defined and explained in this chapter. The agency 

primarily responsible for watershed management will function as the “institutional 
home” for the WUOs. For this, a supportive institutional mechanism is proposed with 

groups of multidisciplinary professionals and an experienced cadre of “catalysts” or 
change agents at different levels. The catalysts together with a small group of 

multidisciplinary professionals can form “Watershed Task Forces” at watershed or sub-

watershed levels, depending on the area covered, population, expected functions, and 

similar factors.  

 

Policies would focus on promoting, regulating and monitoring participatory or ”shared 

management”. This would include, but not necessarily limited to the following: 

   

• Rules, regulations, and by-laws for resource use rights to watershed users and to 

ensure natural resources conservation. Watershed resource users need collective 

security to utilize outputs (e.g., from agroforestry) and derive income while protecting 

the environment. Conservation-based production could be under legal agreements. 

• Strengthening of institutional capacities. 

• Coordination and networking. 
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• Mechanisms and adequate allocation of resources to implementing agencies to 

gradually enhance the skills of watershed resource users to benefit from information 

technology (as suggested earlier at the beginning, educated youth can be involved in 

GIS-supported mapping with the project and NGO staff). 

 

 

WUO - government agency links 

 

Government agencies providing services to watershed users need to be linked with WUO 

Network to reach more watershed users. Similarly, WUO network needs to be linked with the 

private service providers, for example through mutually beneficial partnerships. In addition, 

the responsibilities and the tasks assigned to the agency undertaking the responsibility for 

monitoring and implementing regulatory mechanism need to be defined.  

Improving links between WUOs at different levels, e.g., the highest level WUO (federated 

WUOs at watershed level), sub-watershed WUOs, and micro-watershed WUOs. WUOs’ 
involvement in Operations and Maintenance (O&M) of infrastructure would be defined. This 

requires that the respective responsibilities of WUO and government agency would be agreed 

upon. A Memoranda of understanding or similar binding procedure would also need to be 

established. Once such mechanisms are established, the partnership could be monitored 

jointly. With maturity, major part of PPATS would be on WUO-managed CA including O&M. 

As for other services to members, while the lower level WUOs may focus on “retailing” (e.g., 

purchasing inputs from higher level WUO and selling outputs to members), implying that, 

watershed level WUO to focus on “wholesaling” (buying from open market competitively and 
selling to lower level WUOs) and, similarly, buying produce from lower level WUOs and selling 

to Private Sector or consumers’ societies and groups in bulk quantities. Such transactions 

may extend to value-added goods as well. Value-chain specialists, if recruited, may advise, 

and be involved in demonstrating this approach to enhance WUO-managed input-output 

services. 
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7. The Way Forward: Stepwise Implementation of IWMP focusing 

on Pilots  

 

7.1 The Holistic Management Strategy  

 

The holistic management strategy of the Siri Toi Catchment area blends four crucial 

approaches: 

• Hydrological units as the primary planning, implementing, and coordinating entities  

• Biophysical conservation measures (a mix of both engineering and non-engineering)  

• Agroecological production system aimed at “conservation-based production” 
• Social capital focusing on community Collective Action as the primary driving force 

 

This strategy or the Way Forward is illustrated in Figure 52. 

The analysis revealed the need for ensuring a sustainable strategy for watershed 

management focusing on profitable natural resource conservation29. The critical 

mechanisms required to plan and implement interventions and achieve sustainable watershed 

management include the following:  

• A strong network of WUOs with a joint action plan with government agencies for 

ecological land and water use.  

• WUO-managed collective and coordinated interventions, especially at micro-watershed 

level, through a participatory process. 

• Stabilize planned ecological land use zones with adequate soil and water conservation 

measures: e.g., managed Rangelands, Forest Department managed forests in steeper 

slopes, social forestry (with fruit trees, medicinal plants, and the likes), and ecological 

seasonal crops (short season legume species including food and cover crops).  

• Stabilize improved livestock feeding system (e.g., managed Rangelands with fodder, 

perennials coupled with rotational and zero-grazing practices in dry months with planned, 

and processed feed storage system). 

• Establish mutually agreed watershed resource use patterns with (regular) nomadic 

migrant groups to avoid overgrazing resulting in soil erosion and decline in soil fertility and 

to avoid conflicts.  

• Experiential capacity building based on Farmers (or watershed users’) Field Schools 
(FFSs) and similar approaches focusing on erosion & sediment control, rainwater 

harvesting, ecological methods of production with soil management will help manage 

impacts of increasing weather variability and climate change.  

• Institutionalized links with Balochistan agriculture knowledge system including action 

research, extension, credit, and banking. 

• Technology-led growth, including information systems related to input-output prices, 

markets, enhancing storage and transport facilities, expanded renewable energy 

generation within watersheds.  

• Linking WUO network with downstream Water User Association (WUA) network; “A 
dialogue between the Siri Toi Watershed and the command area” to develop a mutually 
beneficial plan, reach consensus and adhere to mutually beneficial action. 

• Diversified (but ecosystem resilient) activity for watershed communities.  

 
29 for present and future generations 
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• Gender and social stratification sensitive approaches to reach all the community 

members. E.g., income-generating activities for women, diversified income-generating 

opportunities like agroforestry with usufruct rights (irrespective of social or land ownership 

status). 

• Continuous collaboration between WUO network and relevant government 

agencies e.g., Forest Department-guided social forestry, seedling nurseries for a 

continuous supply of seedlings, collaborative mechanisms with the Department of 

Irrigation for operation and maintenance of watershed infrastructure.   

• Mutually beneficial partnerships between WUOs and private sector business 

partners and service providers. 

• Supporting policy and regulatory mechanisms. 

Scientific evidence-based monitoring and assessment: Participatory Performance 

Assessment and Target Setting (PPATS) based on objectively verifiable indicators linked 

with government agency-managed monitoring and assessment. Monitored 

demonstrations of upscaling the Siri Toi strategy (extension of the Siri Toi integrated 

watershed management strategy and process), learn and document lessons, progress, 

and impact. Modify through continuous learning – “A learning process approach”.   
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Figure 52: Major intervention areas for integrated management” – An illustration 



 

     108 

In summary, the proposed Siri Toi Integrated Watershed Management Plan and strategy is 

primarily based on a “mix of engineering and non-engineering interventions”. The latter 
includes management interventions to reconcile production and conservation goals 

using production and conservation technologies. The strategy proposes an ecologically 

sound resource use pattern to maintain ecological integrity of the degraded watersheds 

and internalize a mechanism to sustain human-environment relationship. Considering the hilly 

terrain associated with dendritic drainage pattern and the heavily degraded condition of the 

Siri Toi Watershed, government involvement in designing and constructing certain heavy 

watershed infrastructure in critical locations would be an urgent need. Such efforts and the 

community-led watershed bio-physical infrastructure are considered to be complementary to 

each other. 

 

A participatory collaborative process is also proposed, and its importance highlighted. It is 

suggested that watershed users should be convinced of the need for sustainably managing 

natural resource bases to ensure the continuous flow of nature’s benefits. Therefore, they 
would be motivated towards conservation-based production. It is equally important to enhance 

the capacity of implementing agencies, establish efficient implementation and coordination 

mechanisms and supporting the environment policy, including the legislature, for the Siri Toi 

Integrated Watershed Management Plan to succeed.  

 

As a feasible “entry point” a stepwise IWMP implementation process is proposed. 

 

7.2 Pilot Demonstrations in Selected Sub-watershed(s)   

 

Developing an integrated Watershed Management Plan (IWMP) for the Siri Toi Reservoir’s 
catchment is an important part of the Balochistan Water Resources Development Sector 

Project (BWRDSP). Based on the study and the investigations of the previous Chapters, a 

stepwise implementation strategy is proposed here. 

The rationale 

Watershed-wide interventions are more effective and the IWMP proposes a “mix” of 
engineering and non-engineering interventions. An integrated planning and implementing 

process involving the hierarchically nested hydrological units and a "matching network" of 

users' organizations would be the “perfect” way.  However, watershed communities are not 

organized and, as the IWMP implementation does not fall under any single government 

agency, it would be difficult to launch watershed-wide at once.  To capture the full benefits of 

IWM, it is proposed to identify (or establish) a dedicated implementing agency with a 

supportive organizational arrangement. Watershed Resources Management “Teams” or “Task 
Forces” with multidisciplinary professionals would be planned within such an agency (Chapter 

6). In this context, while emphasizing the importance of adopting a watershed-wide integrated 

approach, it is proposed to select one or more sub-watersheds of the Siri Toi Watershed and 

demonstrate the key interventions of the IWMP on a Pilot basis30.  it is proposed to begin 

with a few interventions which could yield quick results and, at the same time, pave the 

way towards a holistic program. If the entire landscape of one or more sub-watersheds is 

selected, it could be an effective demonstration which would accelerate the wider adoption.    

 
30 As emerged from discussions with the project management, the proposed IWMP contains implementable 
“pieces” or “small sub-plans”. 
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To a certain degree, a sub-watershed or even a micro-watershed could be treated as an 

independent system. It is a hydrological unit where water drains to a single point. Hence, the 

adoption of IWM in one or more sub-watersheds (SWs), covering all the micro-watersheds 

(MWs) within them, will demonstrate how the sediment flow can be reduced. Consequently, 

the siltation of Siri Toi Reservoir could be minimized and prolong the lifespan of infrastructure 

such as the Siri Toi Dam. If “pilots” are effectively managed, the spread effects would be 
significant and should be able to pave the way in maintaining ecological integrity and 

reconciling upstream and downstream demands in the Siri Toi Watershed. Therefore, it is 

proposed to select one or more SWs as “pilots” and cover all MWs.  

 

7.3 Stepwise implementation  

 

The following stepwise strategy, focusing on piloting IWM strategy in selected sub-

watershed(s) of Siri Toi Watershed is proposed. A package of time-bound quick-yielding 

interventions needs to be planned. This “package” can include a mix of engineering and non-

engineering activities. Such a strategy can be adopted in sub and micro -watersheds. This 

methodology and the process have been spelled-out in Chapter 5. Examples of key 

interventions, including watershed infrastructure and Nature-based Solutions (NbS) have 

been already proposed in Chapters 4 and 5.  

A field guide with detailed action plans would be developed.  

The IWMP consist of a wide range of interventions. Certain interventions can be completed 

within a short period and are capable of producing “quick” results. For example, construction 
of most appropriate watershed infrastructure at best suited critical locations would generate 

quick results. Similarly, organizing small groups initially for collective action in such practices 

as water harvesting, managed grazing or planting fruit trees in collaboration with Forest 

Department would demonstrate good results in the short-term. Gradually, “demonstrated initial 
experience” can be extended. Leaders would emerge and this would help in organizing WUO 
at the micro-watershed level. The “pilot” process would be progressively graduated to the 

formation of a watershed-wide Network of WUOs. Establishing a sustainable ecologically 

sound soil and water conservation system fully integrating conservation concerns with 

production benefits will take time. Hence, stepwise implementation, initially focusing on “pilot 
sub-watershed(s)” is proposed as the Way Forward. 

 

Step -1: Select Pilot Projects 

Pilots would be sub-watersheds and/or micro-watersheds. Selection will be based on the 

methodology proposed (using the Index based on intensity of land degradation and 

population). One alternative is to select sub watershed 2 of the Siri Toi watershed. A 

transparent methodology has been adopted in the selection of sub-watersheds for watershed 

management improvements (Chapter 5). Infrastructure and Land Suitability have been 

identified. Community consultations adopting Focused Group Discussion (FGD) method have 

been conducted. The relevant government agencies as well as the communities participated 

in the FGDs are aware of the IWMP and expressed willingness to implement  of the IWMP. 
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Step -2: Select a Facilitating Team 

Advantages in engaging a Facilitating Team, FT: As explained in the main text, it is more 

effective if an external facilitating or mobilizing team (like an NGO) is employed even at the 

initial piloting stage. Awareness on mutually beneficial natural capital conservation measures 

can be created. Mobilizing communities and developing the Future Vision are key start-up 

activities.  Small groups (for example, the cluster of households shown in Figures 31 and 32 

in Chapter 5 can be mobilized for in-situ water retention and water conservation measures 

(see examples of quick-yielding community-driven interventions below).  

If only one or two sub-watersheds are selected as pilots it may not be necessary to recruit a 

large Facilitating Team, few experienced Facilitators with proper guidance and mentoring 

could handle the task. 

Role of a catalytic Facilitating Team would be an interim measure at initial stages (until the 

WUO and government capacity and the required coordinating mechanisms are developed).   

Providing capacity building opportunities to develop “in-house strength” for Integrated 

watershed management at central and district levels has been emphasized in Chapter 6.   

 

Step - 3: Select Quick-yielding, Low-cost and Simple Interventions Pilot Projects   

For the pilots, especially at the “infant stages of community involvement in watershed 
management, it is beneficial to select quick-yielding, low-cost and simple interventions that 

will accelerate the “demonstration and spread effects”. Organized formal or informal groups of 

beneficiaries can undertake the construction of small infrastructure as well.  

Watershed infrastructure is considered as a priority intervention. 

As mentioned above, adopting a GIS/RS-based methodology, Watershed Infrastructure and 

Land Suitability have been identified. Ground truthing survey has been conducted for a sample 

of sites (georeferences are available and the design team may conduct further investigations 

and decide on appropriate infrastructure and select feasible locations).  

While the project would construct heavy structures, it is proposed to identify small 

infrastructures which could be developed by the communities once the WUOs are organized. 

Suitability of infrastructure is “ranked”, and more than one “level” of infrastructure (check dams, 
percolation tanks and storage tanks) have been already identified. Organizing small groups 

and a formal or informal WUO can be included as an important activity of the “pilot”.  The 

proposed mobilization process, outlined in Chapter 5, may be initiated in parallel to the design 

and construction of heavy and urgently required Watershed Infrastructures.   

As suggested by the PMO, Watershed Infrastructure development would be integrated into 

the National Program for Improvement of Watercourses in Pakistan where a major scope of 

work is within Balochistan. 

Community-driven water saving and water harvesting in pilot micro and sub-watersheds can 

be facilitated. Contour planting (and contour bunds), farm-ponds and efficient on-farm water 

management can be adopted which could reduce the risk of crop failure. This would lead to 

efficient run-off management. 

Gradually, such groups could be (combined) and “graduated“ themselves into WUOs.  
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Identify a few special programs for different Zones in the Sub-watershed (covering the entire 

landscapes of all the micro-watersheds). Few examples are listed below (see also Chapter 5): 

- Watershed infrastructure: Many of the small structures would be constructed by the 

communities, while the government undertakes the responsibility for heavy structures  

- Forest Department-managed productive and protective forestry 

- Community Forestry focusing on collective agroforestry  

- Conservation-based production. Ecological seasonal crops (short season legume 

species including food and cover crops). System of Crop Intensification (SCI) coupled 

with contour-based planting and other conservation methods, as much as possible. 

SCI as the major focus in “production with conservation” 
- Home gardens (focusing on home garden agroforestry, integration of animal 

husbandry, and other micro-enterprises, nutrition programs) 

- Water harvesting and solar-powered (precise) pressurized water-saving irrigation and 

matching cropping pattern, improved on-farm management  

- Enhancing Baseflow through Community Action 

- Low-cost Renewable Energy Sources 

- Linking routine extension programs, existing projects and other government and non-

government programs.  

 

Step-4: Develop “Action plans” – A participatory “Mini project” 

A participatory “mini project” would be developed for each micro-watershed (and all the micro-

watersheds of the selected sub-watershed will be covered). The proposed methodology 

including the process are given in Chapter 5 under “micro-watershed level planning and 

implementation process”.  

A detailed Field Guide and/or Manual is useful for implementing the integrated watershed 

management strategy and process in pilot watersheds and expanding to other (similar) areas. 

It should be a learning process where adjustments could be done “on the way”. Participatory 
Performance Assessment and Target Setting (PPATS) can be introduced and internalized in 

selected pilots.  

The main features of the mini project that illustrate the elements of the proposed strategy are 

elaborated in Section 8 of Chapter 5. The “mini project” contains an action plan that covers 

the entire geographic area of the micro-watershed subdivided into “zones” for different land 
uses, crops, grazing (including Rangelands), agroforestry and the likes. The pilot effort can 

benefit from on-going programs like the “10 billion Trees Tsunami Program, the olive plantation 

project (Zhob area) and NGO activities. Conservation-based cash cropping coupled with a 

strategy to maximize the utilization of limited rainfall as well as Rangeland development and 

managing animal husbandry are elaborated in Chapter 5. 

7.4 Monitoring and assessment    

Chapter 6 presented a methodology for “Participatory Performance Assessment and Target 

Setting (PPATS)”. PPATS can be strengthened (and becomes more beneficial) with GIS. For 

example, assessing the spatial and temporal variations (refer to GIS with communities in 

Chapter 5). This will be helpful in sharing experiences and learning from each other and 

bridging the gaps. GIS is helpful in convincingly presenting situations. 
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7.5 Steps to Introduce at Later Stages  

These interventions can be planned and initiated at later stages (to be continued beyond pilot 

stage) in the long run: 

i) Capacity building: In addition to farmers’ capacity building, the pilot effort can include 

specific mechanisms for building the capacities of other stakeholders like government 

agencies including Forest and Irrigation Departments. In the long-run, this component 

of the project would include short, medium, and long-term academic training, support 

to participate in exchange-programs, national and international conferences and/or 

workshops and study tours to name a few. The capacity of local universities needs to 

be developed especially for “Participatory Action Research” (PAR). 

ii) Focus on watershed-based approach for climate-smart agriculture. 

iii) Usufruct rights (Chapter 6). This is useful as a mechanism toward better distribution 

of income. 

 

iv) Building the capacities of WUO leaders as “change agents”. 

v) Incorporating interventions with extension and other programs and projects.   

vi) Watershed users’ exchange visits, “seeing is believing” and learning-from each 

other. 

vii) Research on location-specific adaptation of interventions. 

viii)  Digital agriculture and the use of Internet and mobile applications (elaborated 

in Section 4.3 in Chapter 4). Rather than requesting government to assist in 

marketing, small farmers may be assisted and facilitated to organize collective action 

in cooperation with the private sector. 

ix) Mutually beneficial agreements between watershed communities (WUOs) and the 

nomadic migrants. 

x) Supporting policies and regulatory mechanisms. 

xi) From Micro-watershed Plans to Watershed Plan: As discussed in Chapter 5, the 

aggregate of all micro-watershed plans (or the WUO Plans) would be the watershed 

plan. 

. 
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APPENDIXES 

Appendix-1: Methodology adopted in developing Land Use Feasibility and the 

types and sites for Watershed Infrastructure 

This Appendix provides a brief account on the computations, a detailed account on the 

“rationale” for the methodology used is given in a separate report of the Balochistan Water 

Resources Development Sector Project (BWRDSP). 

As mentioned in the main Text, this exercise was mainly to identify different types of watershed 

infrastructure and their spatial distribution and land suitability in the Siri Toi Catchment to 

develop an Integrated Watershed Management Plan.   Topo-hydrological factors were used 

to find suitable locations for Check Dams (CD) and WHSs. Slope, Terrain Raggedness (TRI), 

Topographic Wetness Index (TWI), Stream Order (SO), Stream Power Index (SPI), Sediment 

Transport Index (STI), Drainage Density (DD) were used (Ref. Tables below). SVM LULC, 

NDVI, and Degraded Land Layer, DEM, Slope, Contour data provided by GIS/RS Expert 

were extensively used throughout the computations, locating sites and Map 

generation. 

Multi-criteria decision analysis (MCDA)  was employed to develop judgment Matrix (JM) such 

as the Analytic Hierarchy process (see Appendix-1). For example, the JM determined the 

suitability of CDs and WHSs. “The analytic hierarchy process (AHP) provides the objective 
mathematics to process the inescapably subjective and personal preferences of an individual 

or a group in making decision” (Thomas L. Saaty, Luis Gonzalez Vargas, 2001, Models, 
Methods, Concepts & Applications of the Analytic Hierarchy Process) 

Based on that definition the Judgment matrix was developed using weighted overlay tool 

using Arc GIS spatial analysis. 

Weighted Overlay model used multiple parameters and assigned the “judged influence” for 
the layers. Rasterization and Reclassification of all the raster layers processed along with the 

provided scale value of each unit. Different land quality parameters and Hydrological 

parameters of the Siri Toi were evaluated and subsequently all of them were integrated using 

a sequence of logical operations to generate land suitability maps with help of Arc GIS spatial 

analysis Map Algebra. As indicated earlier, different weights or scores have been assigned in 

the “influence matrix”. (Table 8, which is based on a web-based pair-wise comparison matrix). 

Finally, based on the classified weights and the influence: a) Suitable/ Potential area for Land 

Use, and b) Watershed Infrastructure are generated as outputs of the Model(s). Finally 

weighted overlay function has been processed for identification the suitability of the Land Use 

(LUs).  Table A1 describes the match making layers for the Land use suitability map. 

Sediment Transport 

One major objective of managing Siri Toi reservoir catchment is to minimize sediment flow 

and associated undesirable contaminants / pollutants like hazardous chemicals to the 

reservoir (As stated in the Main Text, it should be noted, however, that, Sediment Control 

structures would not “prevent” pollution completely. In our watershed management strategy, 

we rely much on Watershed Resources Users’ Collective decision making and 
Collective Action in environment-friendly use of the Watershed). Sediment Transport 

Index (STI), that considers the effect of topography on erosion, is used to estimate the 

sediment transport in the stream Network. Pollution cannot be controlled by sediment control 

alone. Integrated watershed management intends to organize users to minimize the use of 

hazardous chemicals and adopt ecological farming 
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Table-A1: Watershed Infrastructure – Ranking Sheet (Description of Layers and weights assigned) 
(Infrastructure includes Check Dams (CD) / Percolation Tank (PT) / Stop Dam (SD) / Storage Tank (ST)), as marked Map 7. 
Note: - High ranking associated with a high suitability 

 
Layers / 
Indicator 
/Index 
 

Layer Type Description Assumption Value Rank 
Check Dam Percolation 

Tank 
Storage Tank 

Degraded 
Land Layer 
 

 
 
Raster Layer 

Non degraded soil   0 0 0 
Low degraded soil   1 2 1 
Moderately degraded soil Moderate Vegetation   2 3 2 

High degraded soil Low Vegetation  High 
 

3 2 2 

     
NDVI  

Raster Layer 
Others 
Rangelands 
Sparse vegetation 
Forest 

- 
Erosion - 
Erosion - 
Erosion - 
 

 
Erosion - 
Erosion - 
Erosion - 
 

 
Not 
Considered 

0 
1 
2 
3 

0 
2 
1 
2 

Soil Raster Layer We don’t have descriptive soil 
layers 
 

  Constant 
(details not 
available) 

  

SVM (LULC 
developed 
using SVM) 

Raster Layer Vegetation 
 
High land bare soil 
Low land bare soil 
Agriculture 
Water bodies 
Built-up 

Assume that human 
activity in progress 

Vegetation, little 
erosion 
Erosion ++ 
Erosion + 
Erosion + 
Erosion - 
Erosion - 

3 
 
4 
2 
0 
0 
 

3 
 
1 
4 
3 
0 
0 

3 
 
2 
1 
4 
2 
0 

Rainfall Raster Layer  Assumed as 
“homogenous” (same 
value for whole 
catchment) 

 Constant 
(data not 
available on 
spatial 
variation) 

  
 
 
 

Stream 
Network 

Raster Layer Calculation of debris/sediment 
transportation 

Intensity of 
Sedimentation with the 
distance (Vegetation 
pattern /Soil behavior) 

 1 
2 
3 
4 
0 

3 
4 
5 
4 
0 

1 
4 
3 
2 
0 
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Layers / 
Indicator 
/Index 

 
 

Layer Type Description Assumption Value  Rank 
Check Dam Percolation 

Tank 
Storage Tank 

Topographic 
wetness Index 
(TWI) 
 

Raster Layer 
Index: developed 
using the following 
Indicators: 
 
(I) Slope (percent 
Rise) 
 
(ii)Flow 
Accumulation 
(Flow accumulation 
derived by using the 
DEM which is send 
by the Project) 
See text for 
methodology 
 
 

 
TWI used to quantify 
topographic control on 
hydrological processes. The 
TWI controls the spatial pattern 
of saturated areas that directly 
affect hydrological processes 
within the watershed. Assumed 
that, TWI represents the spatial 
pattern of wetness and upslope 
contributing areas. 
 
 
 

 
 
TWI=ln⟨α ∕ tan b⟩  - 9.12 to - 5.22 

 - 5.22 to - 2.76 
 - 2.76 to - 2.81 
   2.81   to   5.78 
   5.78   to 12.49 
 
 
 

1 
2 
3 
4 
5 
 
 

1 
 
2 
 
3 
 
Note: 
Low 
(-9 to -2) =1 
Moderate 
(-2 to 5) =2 
High  
(5 to 12) =3 

1 
 
2 
 
3 
 
Note: 
Low 
(-9 to -2) =1 
Moderate 
(-2 to 5) =2 
High  
(5 to 12) =3 

Terrain 
Ruggedness 
Index (TRI) 

Index: developed 
using the following 
Indicators: 
(I) Dem 
(ii) Maximum focal 
Statistics (Derived 
by Dem) 
(iii) Minimum focal 
Statistics (Derived 
by Dem) 
(iv) Mean focal 
statistic  
(v) Map algebra 
Result =TRI 
 
 
 
 
 

The TRI, in turn, is one of the 
main factors which affects 
Stream Energy, surface 
storage capacity, runoff_ 
velocity, and routing at the 
watershed scale. The TRI 
expresses the amount of 
elevation difference between 
neighboring cells where the 
differences between the focal 
cell and eight neighboring cells 
are calculated. 

 
 𝑇𝑅𝐼= 𝑌 [∑(𝑥𝑖𝑗 − 𝑥00)2]12

 

0.1 - 0.36 
 
0.36 - 0.45 
 
0.45 - 0.53 
 
0.53 - 0.62 
 
0.62 - 0.88 

1 
 
2 
 
3 
 
4 
 
5 

1 
 
2 
 
3 
 
3 
 
0 

 
 
 
 
Not considered 
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Layers / 
Indicator 
/Index 
 

Layer Type Description Assumption Value  Rank 
Check Dam Percolation 

Tank 
Storage Tank 

        
Sediment 
Transport 
Index (STI) 
 

Index: developed 
using the following 
Indicators: 
(I)DEM 
(ii) Flow Direction 
derived by using the 
Dem 
(iii)Map Algebra 
(iii)Power*Flow 
accumulation raster 
(iii) Power*Slope in 
percent rise raster  
See text for 
methodology 
 
 
 

One of the main functions of 
check dams in Sri Toi 
watershed is to reduce 
sediment yield and transport of 
sediment associated 
contaminants to Sri Toi 
Reservoir. The STI can provide 
vital information on the 
potential of sediment transport 
in the stream network of a 
given watershed. It takes into 
account the effect of 
topography on erosion and is, 
as such, used for 
characterizing erosion and 
deposition Processes. 

 𝑆𝑇𝐼=  (𝐴𝑠/22.13)0.6× (sin 𝛽/0.0896)1.3 
 
Range of STI values 
 
0 - 14 
 
14-71 
 
71 -185 
 
185-364 
 
364-590 
 

 
 
 
 
 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
 

 
 
 
 
 
 
 
1 
 
2 
 
3 
 
4 
 
5 

 
 
 
 
 
 
 
5 
 
4 
 
3 
 
2 
 
1 

 
 
 
 
Not 
considered 

Slope 
 

 
 

Obviously, Slope is one of the 
most significant topographical 
factors influencing water flow. 
Higher slope implies greater 
flow speed and water 
accumulation, and therefore 
makes the terrain more 
susceptible to flooding and 
sediment transport. Slope is 
also an informative factor in 
deciding the location of check 
dams, as higher slopes are 
more suitable for check dam 
construction. 
 
 
 
 
 

0 – 9.3 
 
9.3 – 22.13 
 
22.13 – 63.57 
 
 

Assumed that 
CD will be in 3- 4 
stream order. 
Gentle &sloping 
and moderate 
sloping is better  
 
 
 
 

1 
 
2 
 
3 
 
 

3 
 
2 
 
1 

1 
 
2 
 
3 
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Layers / 
Indicator 
/Index 
 

Layer Type Description Assumption Value  Rank 
Check Dam Percolation 

Tank 
Storage Tank 

        
Stream Power 
Index (SPI) 
 

Index: developed 
using the following 
Indicators: 
((I)DEM 
(ii) Flow Direction 
derived by using the 
Dem 
(iii)Map Algebra 
(iii)Power*Flow 
accumulation raster 
(iii) Power*Slope in 
percent rise raster  
 
 

The SPI that reflects stream 
power. It is the product of the 
catchment area and slope and 
measures the erosive power of 
overland flow. 

 𝑆𝑃𝐼 =  𝐴𝑠 tan 𝛽 
 
Range of SPI values 
 
 00   –  3.84 
 
3.84 – 19.47 
 
19.47-33.81 
 
33.81-44.57 
 
44.57-65.33 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
 

 
Not 
Considered 
 
(Assigned 
“influence” at 
the next level) 
 

 
Not 
Considered 
 
(Assigned 
“influence” at 
the next level) 
 
 
 
 
 

Drainage 
Density (DD) 
 

(i) Delineate 
Watershed and area 
(ii) Extract Stream 
network in the 
watershed and line 
stream density 
DD is the aggregate 
length of all the 
streams (including 
the river) in 
then drainage basin 
Watershed divided 
by the total area of 
watershed 

DD affects the magnitude of 
peak flow by changing the 
concentration time; therefore, it 
can provide useful information 
for site selection of Check 
dams. The DD value is 
calculated by dividing the total 
length of all rivers in a 
watershed by the watershed 
area. 

Range of DD values 
 
0 – 31.6 
 
31.6 - 60.77 
 
60.77- 88.82 
 
88.82- 120.65 
 
120.65- 195.08   
 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
1 
 
2 
 
3 
 
4 
 
5 

 
 
1 
 
2 
 
3 
 
4 
 
5 

 
 
1 
 
2 
 
3 
 
5 
 
4 
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Computation of Indicators 

 
 

 

 

 

 

 

 
 

TWI

DEM

Flow Accumulation

Flow Direction

Slope DEM

(“slopeDEM”*1.570796)/90

Slope

(“FA”+1)*cell size 

fasscalled Ln(“fasscalled”/”tanslope”)

tanSlope

TWI

Raster Calculation

Inputs/Outputs

TRI

DEM

MIN DEM

(“MEAN DEM”-”MIN DEM” /”MAXDEM”-”MIN DEM”)

Raster 

Calculation

Inputs/Outputs

MAX DEM MEAN DEM

TRI Focal Statistic
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STI
DEM

Power("FA"/22.13,0.6) *Power (Sin("slope")/0.0896,1.3)

Raster 

Calculation

Inputs/Outputs

STI

Flow 

Accumulation

Flow Direction Slope

SPI
DEM

"FA"*CELL SIZE *Tan("slope"*0.017453)

Raster 

Calculation

Inputs/Outputs

SPI

Flow 

Accumulation

Flow Direction

Slope
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