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FOREWORD

It is my pleasure to launch this Field Guideline 

to Watershed Management. The Eastern Nile 

Watershed Management Project has been one of 

the earliest projects countries agreed upon when 

they launched the Integrated Development of 

Eastern Nile (IDEN).

The project has already introduced a number of innovations, but also reorienting the 

entire philosophy and approach to doing sustainable watershed management where land, 

water and people interface. This guideline synthesizes the last eight years of Eastern Nile 

experience in Integrated Watershed Management.

I trust this Guideline will be of assistance to policy makers, planners and above all to our 

practitioners at the grassroots community watershed levels.

 

H.E. Mutaz Musa Abdalla Salim

Minister, Water Resources and Electricity, Sudan

ENCOM Chair
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PREFACE

The Eastern Nile Watershed Management 
Project has been one of the seven earliest 
Projects jointly identified under the IDEN, 
the Integrated Development of Eastern Nile. 
IDEN has been the flagship project of ENSAP, 
the Eastern Nile Subsidiary Action Program, 
which  Egypt, Ethiopia and Sudan cooperatively 
launched soon after the establishment of the 
Nile Basin Initiative. 
Since its launch the Eastern Nile Watershed 
Management Project has embarked on a series 
of activities that brought together the three 
sisterly countries of Egypt, Ethiopia and Sudan; 
identified and prepared investment projects 
capable of demonstrating the benefits of cooperation to watershed communities and transboundary 
value addition by providing immediate and tangible benefits on the ground. The Projects identified 
and thus prepared have been taken up by the countries and are under implementation (80,000 
hectares in the Lake Tana Watershed, Ethiopia; some 60,000 hectares in the Upper Atbara, 
and Dinder watersheds, Sudan and in the Lake Nasser-Nubia, Egypt).  The innovative aspect 
of the Watershed Management Projects has been its reorientation of the philosophy underlying 
formulation of intervention strategy - i.e. recognition of endemic poverty as the key or root driver 
of natural resource and land degradation and thus the imperative of addressing communities' 
livelihood concerns as the foundation for sustainable management of watersheds. 
The project also undertook what is known as the Cooperative Regional Assessment, the CRA, 
which conducted a "no-borders" analysis of the watershed situation, taking the entire Eastern Nile 
sub-basin as its unit of analysis. Through the CRA process 13 critical watersheds -  hotspots - 
that need immediate management intervention to protect current and future water infrastructure 
investments have already been identified and delineated. 
The Eastern Nile Watershed Management Project has also been at the forefront of building the 
capacities of relevant institutions of Eastern Nile countries. So far, the Project has organized 
seven knowledge and study exchange visits as far as China, India, Rwanda, Tanzania and within 
the Eastern Nile in Ethiopia. Over 500 Sudanese and Ethiopian participants have undergone 
training in a number of watershed management technologies, which need further replication 
across institutions and watershed communities.  We found it worthwhile to document and make 
readily accessible the key technologies, methods and approaches provided in these trainings.  This 
Guideline has been prepared with this in mind. 
I hope Eastern Nile watershed management practitioners in Egypt, Ethiopia, Sudan and South 
Sudan will find this guideline useful and of continued relevance. I urge them to make the best use of 
it! I would like to recognize the Watershed Management Coordinator and the Social Development 
Officer at ENTRO for guiding the production and  ENSAP governance and National Watershed 
Management Coordinators for reviewing the document and providing valuable comments. 

Fekahmed Negash Nuru
Executive Director, ENTRO
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Part 1:
PRINICIPLES AND PRACTICES 

OF WATERSHED MANAGEMENT
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1. Introduction

Watersheds and landscapes throughout the Eastern Nile basin are under increasing pressure from human 
activities of all types – development, resources extraction, recreation, and environmental changes such 
as drought and climate change. In the absence of integrated watershed management soil erosion and 
degradation and deforestation will continue at accelerating rates, reducing agricultural productivity 
and increasing the number of households "churning" at and below the poverty line. In a bid to reverse 
the situation, concerted efforts were made by governments and development partners in the last four 
decades.  However, these large scale efforts did not produce the desired results. Watershed degradation 
continued unabated. , No wonder environment managers of all levels and disciplines are seeking a 
greater understanding about what works best, about steps to be followed for planning and selection of 
most effective technologies that enable sustainable management of watersheds. . 

Appreciation of the huge challenge and recognizing the need for a joint effort to address the challenge, 
the Eastern Nile countries identified and agreed on a joint Eastern Nile watershed management project. 
The objective of the Eastern Nile watershed project is to establish a sustainable framework for the 
management of Eastern Nile Watersheds in order to improve the living conditions of the people, enhance 
agricultural productivity, protect the environment, reduce sediment transport and siltation. The primary 
objective of integrated watershed management in the Eastern Nile Basin is to arrest natural resource 
degradation, alleviate poverty and support more sustainable livelihoods for the peoples of the basin. 

Integrated watershed management and its impact in enhancing agricultural production is a key element 
in developing any multi-purpose program, given its potential to break the vicious cycle of poverty and 
resource degradation. The overriding regional significance of integrated watershed management  is its 
contribution to enhanced food security and poverty alleviation in the region and its long term contribution 
to arresting degradation of the natural resource base. Another regional benefit of integrated watershed 
management is erosion control which leads to  to decreased siltation and sedimentation in downstream 
river;  increase in reservoir life, improvement in hydropower production and irrigation efficiency, as well 
as protection of critical aquatic habitats.  

Towards meeting its objective, the Watershed project undertook two sets of activities in parallel between 
2004 -2008: preparation of investment ready projects for national implementation (fast track projects) 
and a Regional Cooperative Assessment (CRA) study. Both sets of activites were successfully completed. 
Currently implementation of eight  projects prepared in the 1st phase is ongoing  at national level. 

A key output of the Watershed Management Cooperative Regional Assessment (CRA) was a long term 
program for watershed management in the Eastern Nile. The program identified four major components 
including preparation of watershed investment projects in hot spot areas  and capacity building across 
a wide range of disciplines and subjects . Capacity building was recognized as a key gap, but also 
a pre-requisite for effective trans-boundary watershed management. To address this gap, the Eastern 
Nile Watershed Management Project formulated a Regional Capacity Building The objective  has been 
to strengthen the knowledge base and human resource capacity for cooperative action. To this end 
ENTRO organized and conducted various regional and national training workshops on a number of  
themes and facilitated knowledge and experience exchange visits within and outside the basin.  These 
capacity building efforts have resulted in enhancing the  technical capacity of national institutions to 
undertake  effective planning, monitoring & evaluation of watershed management interventions. The 
impact of the capacity building workshops has been demonstrated  in the increasingly improved quality of 
work observed in project implementation. In the process the Eastern Watershed Management Project has 
produced a series of training materials, field visit reports highlighting lessoned learned and documentary 
films. These have served as reference materials for watershed management professionals.  Nevertheless, 
while these materials contain a lot of useful information, they focus only on limited range of  topics;  
illustrative materials lacked quality and did not clearly show a step by step planning approach. This 
said though, there still remain technical capacity gaps among Eastern Nile watershed management 
professionals that need to be addressed.  This field guide is therefore a response to overcome technical 
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problems which were observed in the last few years in the area of planning and selection of appropriate 
watershed management intervention. The Field guide is also an outgrowth  of decades  of experience 
in watershed management and soil and water conservation in  Eastern Nile Countries, particularly in 
Ethiopia, 

The purpose of the guideline is to serve as a reference document for field technicians working in natural 
resources management. It is expected to contribute to the upgrading of the technical contents and scope 
of planning and management of watershed management interventions in Eastern Nile countries.  

The preparation of this guideline has been preceded by taking stock and review of the experiences of 
different countries in watershed management in general and soil and water conservation in particular. 
Thus  gaps have been assessed and analyzed. The results of the review indicated limited knowledge in 
principles of  watershed management, its scope and objectives; gaps in understanding the planning steps 
to be followed; gaps in understanding and being familiar with technological options for rehabilitating 
watersheds. In putting together this Guidelineseful lessons have been  drawn from decades of experiences 
in  Eastern Nile countries, particularly Ethiopia, 

It is anticipated that experts at national, provincial/regional and district/locality/woreda levels and those 
working with development partners will be the main users of the field guide. The field guide is prepared 
to  serve both as a broad field guide and a more focused reference manual. It provides guidance 
on the overall watershed planning process and clarifies parameters to be considered for selecting 
natural resources management practices. As a manual it clearly describes the detail design, layout and 
construction procedures to be considered in applying biophysical soil and water conservation and water 
harvesting technologies for restoring and enhancing productivity of degraded watersheds. 

Watershed management is a vast and broad concept which cannot be fully dealt with the limited scope of 
the current work. This guideline is intended to inspire organizational motivation and personal commitment, 
and support a shift toward participatory and result based watershed management.
 
The guideline is structured into two sections. Section I provides a brief introduction to principles 
of watershed management; detailed description of planning steps for effective watershed 
management. Section II deals with selection of particular technologies for watershed interventions. 
The section provides information on general characteristics of a technology; the suitable  
agro-ecology and land use preference; technical design requirements; layout and construction 
procedures (whenever it is  necessary);  appropriate time period for implementing the technology; cost 
elementsandmanagement requirements to be considered,; expected benefits to accrue to the community 
and limitations if any. The field guide also includes Annexes taht provide detail explanations on some 
aspects of watershed management approaches and soil and water conservation technologies. Various 
formats, assessment and data collection tools to be used in materializing the different parts of this 
guideline are included in the annex section. 

Attempt has been made to make the  field guide as handy as possible. At the same time it should be noted 
that the guide cannot address very specific and particular areas readers might be interested in.. Hence, 
it is assumed that interested users will refer to other related literatures as a complement. It is hoped that 
this manual will prove useful for extension officers and technicians in government services as well as 
professionals working in nongovernmental organizations. Efforts were made to  to use simple language 
to the extent possible. However,  of necessity some of the topics, especially those involving engineering, 
had to be explained in more technical language. It is equally important to note that some parts of the 
manual may not be suitable for every individual reader and may require explanation by more qualified 
experts. In this regard, it is thought that training sessions  be organized to facilitate such interactions.
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2.  Watershed Degradation in the Eastern Nile

According to the reports of the Eastern Nile Technical Regional Office (ENTRO) 2008, different forms of 
land degradation are evident in the Eastern Nile sub basin. These include  sheet and rill erosion; gully 
erosion; stream bank erosion; sedimentation of reservoir dams, lakes, and irrigation canals; wind erosion 
and sand dune; degradation of wetlands and loss of biodiversity, all of which result in degradation of 
watersheds. Degradation is also manifested in the form of physical, chemical and biological deterioration 
of the soil and water resources. Sedimentation is also a threat to power houses i.e. increasing the wear 
and tear of turbine blades, water pumps, water purification plants, etc, thus increasing operational and 
maintenance costs. Major types of degradation in the Eastern Nile Basin are summarized in Table 1. A 
detailed characterization of the sub-basin is provided in Annex 11. 

Table 1: Major types of degradation and affected areas of the Eastern Nile Basin

Source: Watershed Management in the ENB, constraints and opportunities, ENTRO, 2008 and its 
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No Sub Basin and Area Major type of 
Degradation

Affected areas

1
The Abbay-Blue Nile 

- 311,465km2

Sheet, rill, gully, 
river bank erosion; 
dams and reservoir 
siltation;

The Ethiopian Highland erosion hot spots such as 
Mount Choke, Mount Guna, Molle, Upper Jamma, 
Upper Didessa Valley, Dinder valley, Beles Valley; 
Amhara, Benishangul, and Oromiya Regions; gully 
erosion in both Ethiopia and Sudan (Kerib lands and 
Khor)

Sedimentation/
reservoir siltation

In Sudan: Roseires, Sennar, Jabel Aulia dams, and 
the irrigation canals within the Geizera-Managil 
and Rahad Irrigation Schemes. In Ethiopia also 
dams such as Fincha, Tekeze, Chara Chara and the 
GRDE; Lake Tana;

Wetland/ biodiversity 
degradation

ahad and Dindir river systems; including Dinder and 
Alatish National Parks, etc.

Flooding Fogera plains; Khartoum state, Umdurman city; Al 
Amirya locality; Jebel Awlia; and Sennar State.

2
The Tekeze-
Setit-Atbara - 
227,128Km2
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degradation;

The Ethiopian Highlands and Kerib lands of Tekezze-
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3

The Baro-Akobo-
Sobat-White 

Nile Sub-basin 
468,215km2

Wetland degradation Sudd and Machar wetlands
Flooding Gambella plain (Gambela, Itang, Abobo, Gog, Jor, 

Jikao, Akobo areas)

4
The Main Nile 
Sub-basin - 

659,398Km2

Sedimentation Lake Nasser/Nubia; High Aswan Dam, Old Aswan 
1; New Aswan 2; Esna; and New Naga Hamady 
dams in Egypt and Meroewe dam in Northern Sudan

Wetland degradation Lake Burulus
Wind erosion and 
sand dunes

All the areas of the Sub Basin
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2.1 The root causes of watershed degradation in the basin (the poverty-watershed degradation  
 vicious causation linkage)

According to Abate et.al, 2006, land degradation in the form of de-vegetation, soil erosion 
and especially loss of nutrients, overgrazing and exhaustion of soils, desertification and sand 
encroachment – have been rated as number one common environmental threats in the Eastern 
Nile Basin countries (ENB). In all the countries of Eastern Nile (i.e. Egypt, Ethiopia, South Sudan 
and Sudan) the root cause of land and watershed degradation is massive endemic poverty   
threatening e livelihoods of rural households that depend on agriculture.

The incidence of poverty is high, and with high population growth rates, the pressure on the natural 
resource base and ecological systems is enormous and increasing. Poverty is identified both a 
cause and a effect or consequence of natural resource degradation. Poverty reduction efforts 
are constrained by processes of depleting resources such as land degradation, high sediment 
loads and consequent sedimentation of dams and irrigation canals, the loss of products and 
services provided by forests and wetlands, overgrazing of rangelands and declining biodiversity. 
Overarching these are the threat of climate change and the potential negative impacts on rainfall 
(amount, distribution and reliability) and the consequences of these on the vulnerability of peoples' 
livelihoods. The gravity of the threat posed by watershed degradation on the livelihood of millions 
of people residing in the ENB and its negative impact on the efforts being made to reduce poverty 
and ensure sustainable development in the region has been realized at the outset by the Eastern 
Nile countries.

2.2 Impacts of watershed degradation

Assessment of the Eastern Nile Basin clearly shows that land degradation is severe and widespread 
and is the trend is likely to continue unless a concerted effort is taken to reverse it through 
implementing Integrated Watershed Management (IWM). According to ENTRO, 2008, cost of 
degradation of watersheds in the ENB, in monetary terms, was estimated to be USD 670 million/yr 
and  this cost is projected to reach USD 4.5 billion/yr in 25 years, unless appropriate interventions 
are taken. In the absence of remedial measures, crop losses from soil erosion accumulate until 
such time the soil profile is reduced to a depth where no production is possible. For example, the 
current annual crop grain production (for Abbay-Blue Nile Sub-Basin only) is 4.35 million tons. 
The annual loss due to soil erosion as a proportion of total production is 0.6%. However, after 
10 years this figure will rises to 6% and after 25 years to 15% of annual crop production (ENTRO 
Website).

2.3 Future Rehabilitation and Development Interventions

The deep-rooted problems of land and watershed degradation will be tackled if holistic, and 
comprehensive land management interventions of Watershed Logic are applied. The Watershed 
Logic or Ridge-to-Valley Approach emphasizes the sequencing of interventions following natural 
land contours, starting from the highest points to the valleys, from micro to macro watersheds. The 
Watershed Logic will make it possible to sustainably improve the livelihood situations prevailing 
in the Sub Basins and the EN countries..  Reduced erosion in the Ethiopian Highlands and lower 
sediment loads in the Abbay-Blue Nile and Tekeze-Setit-Atbara river systems will bring down 
downstream costs in Sudan of dredging power intakes, irrigation canals and the loss of power 
generating potential due to the need for reservoir flushing. These reductions will also contribute to 
reductions in costs that could not be quantified, of pump and turbine damage and the removal of 
sediment for domestic and industrial water supplies.
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A sustainable and integrated watershed management program is thus a critical element in 
enhancing sustainable livelihoods and reducing poverty. Integrated watershed management is a 
system-orientated concept with a holistic approach to problems and potentials. For this reason 
it is necessary that interventions complement each other synergetically. Given the cross-sectoral, 
sustainable livelihoods and poverty focus of integrated watershed management, with its stated 
objective of tackling the underlying problems of natural resource degradation in the Eastern Nile 
Basin, many of these interventions, among others, will comprise technological components. 

Intervention in watershed management creates multiple shared benefits that range from global 
and regional to national, downstream, community, household and onsite benefits. Generation 
of sufficient onsite benefits is critical to make investment by individual farmers in the watersheds 
worthwhile. Onsite benefits include direct income increase, increased employment and productivity, 
increased food security and improved overall livelihood, and natural resources protection and 
creation of long term income opportunities. The application and scaling up of best-bet technological 
practices or interventions measures, as it suites the niche, is therefore, vital and important.

Figure 1: The four basins in the Eastern Nile

3. Principles and Practices of Watershed Management

3.1. Definition of a Watershed and Its Delineation

3.1.1 Definition of a watershed

A watershed is commonly defined as any surface area from which runoff resulting from rainfall is 
collected and drained through a common confluence point (Figure 2). A watershed may be only 
a few hectares as in small ponds or hundreds of square kilometers as in rivers. All watersheds can 
be divided into smaller sub watersheds. As each watershed or sub watershed is an independent 
hydrological unit, any modification of the land use in the watershed or sub watershed will reflect 
on the water as well as sediment yield of the watershed. 
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Figure 2: A sketch map of a watershed

The terms watershed , drainage basin or catchment area are often used interchangeably. All refer 
to an area of the landscape that collects and drains water to the same place. The place where 
the water comes together is called outlet or confluence point. A watershed is a topographically 
limited area from which all water is drained by a common water course/outlet. The boundary of 
a watershed is defined by the highest elevations surrounding the stream. Watersheds come in all 
shapes and sizes. They cross National, Regional, district and community/village boundaries.

Most of the land surfaces are divisible into watersheds. Watersheds are biophysical units with 
a high degree of functional units’ integrity and are relatively homogeneous systems even when 
upper, middle, and lower sections have different conditions and human activities. Watershed 
boundary is completely different from political-administrative boundaries as it centers the stream 
while the administrative boundaries are in most cases bordering the streams. As a result in most 
cases a watershed lies between two or more administrative boundaries. 

Each watershed is unique, but there is enough commonality of hydrological, geomorphologic 
and ecological characteristics for them to serve as widely applicable, non-ephemeral, operational 
landscape units for planning and management, and for maintaining environmental quality and 
pursuit of sustainable development.  Based on the range of sizes, watersheds are named as basin, 
sub-basin, major watershed, critical watershed, sub-watershed and micro-watershed but all have 
common and similar components i.e. outlet, drainage network and boundary/ridge. 

If sustainable and integrated area development is a goal, it is more likely to be achieved through 
working with coherent regions such as watersheds. Watershed uses need to be coordinated to avoid 
problems and it is logical to use resources development as an integrating theme and development 
tool for improving social, economic and environmental conditions throughout a watershed. 
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A watershed is also defined as a geographical unit in which the hydrological cycle is complete 
and its components can be analyzed. It is also considered as a biological, physical, economic and 
social system. A watershed is thus a natural framework and logical unit for resources conservation, 
development and utilization.

3.1.2 Watershed delineation

The boundaries of a watershed where planning and management is to be undertaken can be 
easily delimited with which land use types can be identified and a development map can be 
prepared. To delineate watersheds different techniques can be applied. Some of these are:

•	 Using	topographic	maps	(commonly	used	at	field	level)
•	 Aerial	photographs;	better	delineation	can	be	done	(with	scale	larger	than	1:15000)
•	 Field	mapping	using	GPS
•	 Digital	elevation	models	and	use	of	GIS	software	to	delimit	the	watershed	boundary

Use of Topographic maps for watershed delineation: This technique is useful to enhance 
participation of the community, but it is somewhat a slow technique and has certain limitations 
to provide accurate information. In order to successfully delineate a watershed boundary it is a 
prerequisite to visualize the landscape as represented by a topographic map. It is not difficult to 
delineate a watershed using topographic maps once the following basic characters of contours 
are understood.

 The interval between successive contours remains constant on any map
 Contour lines can never cross one another, because no point on the ground can be at two  
 different heights above the mean sea level
 Numbers should be written on the contour lines to show the height of the relief
 Closer contour lines express steep slopes while those far apart show the gentle slopes.
 The spacing between contour lines indicates the land form and the slope gradient type
•	 A	slope	that	has	regular	vertical	interval	is	called	an	even	slope.
•	 If	the	gradient	is	close	to	the	top	of	the	slope	and	then	smoothens	out	near	the	foot	it	 
 is called a concave slope
•	 When	the	gradient	at	the	foot	of	the	mountain	is	steep	and	gradually	decreases	towards	 
 the top it is called a convex slope

 If the elevation of the successive contours increases inwards it shows a summit. Whereas,  
 if the elevation of successive contours increases out wards it shows a depression.

Figure 3: Contours showing summits (left) and depression (right)
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 The watercourse connects contour line bends pointing uphill, i.e., the “nose tips” are 
 directed towards the summit.
 The water dividing line (sloped ridge) follows contour line bends pointing downhill, i.e., 
 the “nose tips” are directed away from the summit.

Figure 4: The location of water courses (left arrow) and the ridge line (right) in a contour map

The following procedures and example will help practitioners to locate and delineate a watershed 
as far as topographic maps are available. After visualizing the landscape represented by the 
topographic map one should follow the procedures mentioned below to complete the delineation.

1. Draw a circle at the outlet or downstream point of the watershed in question 
2. Put small "X's" at the high points (break points) along both sides of the watercourse, working 
 your way upstream towards the headwaters of the watershed. 
3. Starting at the circle that was made in step one, draw a line connecting the "X's" along one 
 side of the watercourse. This line should always cross the contours at right angles (i.e. it 
 should be perpendicular to each contour line it crosses). 
4. Continue the line until it passes around the head of the watershed and down the opposite 
 side of the watercourse. Eventually it will connect with the circle from which you started. 

            Figure 5: Delineating a watershed boundary

5. After completing the delineation process on the topographical map, the watershed will be 
 enlarged and prepared on a poster map to be used for preparing base maps, 
 development maps and any other watershed planning related interventions.



10

Figure 6: A watershed delineated using a topographical map

At this point we have delineated the watershed where we are going to do planning and 
implementation. The delineation (boundary) appears as a solid line (left) and broken line (right) 
around the watercourse.  The drainage line is indicated as blue in the above figures and runs from 
top to bottom crossing the contour lines. Watersheds sometimes have what are termed as sub-
watersheds within them. The larger the water-body you are examining, the more sub watersheds 
you will find.  A watershed map can be further divided into smaller sections or sub-watersheds if it 
helps to organize planning and implementation better. 

The size of a watershed varies from place to place and should be based on the community or 
village depending on that particular watershed. A suitable size is required for effective planning for 
conservation and maximum production. Efficient management of watershed resources is possible 
through an appropriate unit so that resources are managed and handled effectively, collectively 
and simultaneously.  As per the experiences from Ethiopia, the maximum size of a watershed that 
should be taken as a planning unit ranges from 250 to 500 ha. Lower size than 250 ha may 
occur and may be considered in few cases but usually these smaller units are to be included as 
sub-watersheds within community or village watersheds. It is understood that a watershed size of 
500 ha creates homogeneity in most aspects and facilitates greater planning and implementation. 

However, in flat parts of the Eastern Nile like Sudan, South Sudan, and plain areas of Ethiopia, it 
is difficult to find smaller size watersheds/planning units. In such scenarios, the planning process 
should focus on community/village landscapes with due attention to basic watershed principles 
(comprehensiveness, community participation and integration of resource management to socio-
economic development). The involvement of concerned stakeholders like farmers, pastoralists, 
semi-pastoralists, nomads, big commercial farms, national parks, etc in any steps of decision 
making is of paramount importance. 

Watershed development can be applied in almost all contexts but needs to be tailored to local 
conditions. The approach can be adapted to suit different sizes of watersheds and accommodate 
community and/or village administrative boundaries. It can also be adapted to accommodate 
relationships between communities and watersheds as well as the application of the various 
technologies under different conditions.
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3.2  The need for Watershed-Based Development 

Watershed development refers to the conservation, regeneration and judicious utilization of all 
resources – land, water, and vegetation, animal and human – within a particular catchment. 
Watershed development seeks to bring about an optimal equilibrium in the eco-space between 
natural resources, man and animals. A watershed is then both a demographic and a spatial unit. 
It is also the area of survival of the community living within it and drawing its sustenance from it.
The intensification of land use in the traditional agricultural setting is self defeating because it is 
exploitative and results in greatly increased runoff and soil erosion, reduced groundwater recharge, 
downstream flooding of agricultural lands and cities as well as an accelerated sedimentation 
of reservoirs that negates irrigation and power investments. Consequently the land resource 
base is shrinking and its productive capacity diminishing. It is a fact that the degradation of 
natural resources is the greatest constraint to sustainable agricultural development in most of the 
developing countries. The solution to these problems lies in evolving development programs that 
recognize the natural topography and the drainage patterns of the land. It is also accepted that 
the sustainable use and management of the land resources could only be achieved by adopting 
a system of improved land, water and vegetation use based on an integrated approach for land 
resource development with direct involvement and participation of the different actors. 

In many areas, it is not unusual to experience significant quantities of runoff at one time of the season 
and serious drought at another time. The collection of excess water and its utilization to provide 
greater stability to rain-fed agriculture appears to be a viable development alternative in such 
areas, particularly if soils are shallow. Thus, the watershed, or catchment, is the natural framework 
for resource development in relation to crop production systems and resource conservation and 
utilization. 

The watershed-based management provides a way to consider a wide range of issues along 
with the community’s vision for the future of the watershed under a single framework. Working in 
watersheds rather than political boundaries, can address community and habitat issues beyond 
the scope of single jurisdiction like district administration or municipality. 

3.3  Integrated Watershed Management Approach

A watershed is made up of the natural resources in a basin, especially water, soil, and vegetative 
factors. Watershed management is the integration of technologies within the natural boundaries of 
a drainage area for optimum development of land, water, and plant resources to meet the basic 
needs of people and animals in a sustainable manner. The approach integrates various aspects 
of forestry, agriculture, hydrology, ecology, soils, climatology and other sciences. But it is more 
than natural science methods and tools. Rather, watershed management is a continuous and 
participatory process that involves people and aims to improve their livelihoods.

A watershed approach thus can be a coordinating framework that attempts to focus public and 
private, community and individual efforts toward addressing high priority land and water related 
issues within a logically defined (hydrological) geographic area. Watersheds are being considered 
as a unit of management for many natural resources related issues including land degradation, 
water conservation, non-point source pollution, etc. 

Watershed management is simultaneously a technical and social undertaking. From a technical 
perspective, it involves reducing soil erosion, promoting vegetative cover, and harnessing rainwater 
resources. From a socioeconomic perspective, it involves coordinating the actions of numerous land 
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users in a watershed who may have multiple, conflicting objectives. In the previous times watershed 
management was treated largely as a technical problem, but lack of attention to socioeconomic 
complications undermined numerous efforts because people refused to go along with technical 
plans that conflicted with their other diverse interests. Realizing the importance of upland areas 
conservation, great efforts were undertaken, all over the world, to reverse watershed degradation 
and to reduce its effects on land resources management. However, the desired objectives were 
not achieved in most of the cases as a result of inappropriate concepts and approaches. These 
concepts and approaches had the following major short comings:

•	 Overemphasis	on	technical	aspects	(natural	resources	conservation)
•	 Little	focus	to	socio-economic	and	livelihood	issues
•	 Expert	based	options	and	decisions	with	little	emphasis	to	people	priorities	and	needs
•	 Neglecting	beneficiaries’	involvement	and	contribution	in	the	planning	and	implementation	
 of the watershed management interventions.

These days, there is a paradigm shift; watershed professionals pay more attention to the 
socioeconomic aspects of watershed management. It is now recognized that local people need 
to be involved in decision-making so that they can use their land, animals and other natural 
resources in a productive way without causing harm to water and soil resources in the upland 
watershed or downstream. The intention is to ensure that environmental objectives are well 
integrated with local economic, social and cultural goals. Thus effective watershed management is 
considered as an appropriate approach for addressing food security and poverty alleviation. This 
implies that watershed management is an inter-disciplinary field which requires the performance 
of different disciplines and the cooperation and coordination among all concerned stakeholders 
and development partners. 

Box 1: Watershed management has evolved and passed through several developmental stages. 
In the initial stage, it was a subject of forestry and forestry-related hydrology. The involvement 
of people was not an issue. It was solely an affair of government forest departments. During 
the second stage, it became land resources management-related, including activities with an 
eye on economic benefits. At this stage, the focus was on beneficiaries. It is now “participatory 
and integrated” watershed management, with involvement and contribution from local people.

Currently, many government and non-government organizations have understood the 
comprehensive nature of watershed development and are trying to address the environmental 
and socio-economic issues in an integrated way. There is already a paradigm shift in thinking by 
concerned officials and experts to go from a piecemeal individual approach to a more holistic 
and stakeholder based joint venture. In this regard, more focus is given to ensuring ownership and 
participation of community members targeting long-term impacts than short-term effects.
 
The focus areas of the past generation in watershed development and the issues to be considered 
for the present and next generations are comparatively described in the table below.
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•	 Neglecting	beneficiaries’	involvement	and	contribution	in	the	planning	and	implementation	
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socioeconomic aspects of watershed management. It is now recognized that local people need 
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The focus areas of the past generation in watershed development and the issues to be considered 
for the present and next generations are comparatively described in the table below.
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3.4 Watershed Development Principles 
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partners support. Integrated conservation and development of the natural resources base is the 
guiding principle for watershed development together with the optimum use of social resources. 

Table 2: Paradigm shifts in watershed management

Past generation Current and next generation

Integration of socio-economic issues within 
watershed management programs

Emphasis on watershed natural resource 
management as part of local socio-economic 
development process

Focus on “people’s” or “community” participation, 
with an emphasis on bottom-up participatory 
planning

Focus on multi-stakeholder participation, linking 
social, technical and policy concerns in pluralist 
collaborative process

Rigid program design that overestimates central 
government’s capacity to enforce policies, and 
lacks adequate institutional/organizational 
arrangements at the local level. Short term 
planning and financing

Flexible program design that adjusts to local 
governance processes. Long term planning and 
financing

Implementation responsibility entrusted to “heavy 
watershed authorities” institutions, such as donor-
assisted programs, or government 

Implementation responsibility entrusted to “light 
institutions such as consortiums and associations, 
with programs and authorities playing a facilitating 
and subsidiary role.

Focus on on-site, short-term effects. Small-
scale projects with little watershed or basin-level 
coordination

Focus on upstream-downstream linkages 
and long-term impacts. Local-level processes 
coordinated at the watershed or basin level

Quick-and-dirty participatory assessment and 
evaluation (e.g. PRA), with little or no linkage to 
natural and sociological evidence

Dialogue between local and scientific knowledge 
in “fairly-quick-fairly –clean” action research 
processes, involving a variety of stakeholders. 

Belief that access, tenure and social conflicts in 
watersheds can be solved by technically sound 
interventions

Awareness that most access, tenure and social 
conflicts in watersheds are rooted in society 
and politics and should be managed through 
continuing negotiation



14

To the extent possible watershed development activities should provide tangible and quick benefits 
to households. This is possible if measures are designed to accommodate both production and 
conservation requirements. Some measures, however, need some time before the full benefits can 
be achieved. In this case, combination of measures with short and longer term benefits is essential. 
This can be achieved if quality criteria and integration aspects of the interventions are met.

Holistic: Watershed development planning and implementation should follow holistic approach 
that consider the entire watershed system for the whole projected lifespan of the development 
activities, and examines how components, people, planners, and mangers interact at all levels. 
Holistic approaches extend beyond integrated to deal with strategic levels of planning and 
management. According to holistic approach, the whole is greater than the sum of its parts since 
everything is interrelated.

Comprehensive: Watershed development is a planned, complex, continuous and interdisciplinary 
process, which is controlled on a system analysis basis. It considers both land and water resources 
development and how they interrelate, the goal being optimal development of resources. 

Watershed logic and potential respected: Adoption of ridge to valley approach, of manageable 
size, and focused on interactions between land uses and their capability. Simple land use and 
features descriptions would help to find suitable range of technical options to optimize existing 
land use or changing it for the better in respect of both biophysical and social requirements. 
Due emphasis will be placed on production enhancement activities by optimizing productivity per 
unit area, per unit time, and per unit of water for both land owners and landless families. In this 
regard, the role of quality physical structures, vegetative cover and biological measures will be 
emphasized. Reclamation and rehabilitation of degraded and marginal lands, including gullies, 
through alternative and productive land-use systems will be promoted as a main activity in most 
areas. In semi-arid and arid areas, great attention will be provided for water harvesting in situ and 
off site. 

The need for flexibility at different levels: Flexibility is key criteria required in participatory watershed 
development projects to fit in local conditions. Flexibility is needed during the selection of community 
watersheds, their size (slightly smaller or larger than the ranges agreed) and clustering and during 
the steps of the procedures. Similarly, flexibility is essential when considering the choice and design 
of measures within the agreed criteria of quality and integration. 

Cost-sharing and empowerment/ownership building: Cost-sharing by stakeholders contributes 
to the sustainability of a project for establishing the responsibility of various stakeholders in the 
management of the resources. Various forms of local contributions are possible based upon social 
networks and group formation mechanisms. 

Mainstreaming of cross-cutting issues (health, education, and others): To the extent possible, 
watershed development planning will incorporate additional elements related to basic services 
and social infrastructure. These activities will all benefit from participatory watershed development 
framework.

3.5  Benefits of Watershed Development

Integrated watershed management aims to improve the livelihood of community by increasing 
their earning capacity through offering improved facilities required for optimum production. It also 
helps to design a land use system that utilizes the natural resources of the area to the maximum 
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sustained benefit of the inhabitants and to improve living standard of the community. Improved 
watershed management offers many potential benefits for the farmer, the local community and the 
larger cross section of society.

Table 3: Benefits of watershed development

3.6  Phases in Watershed Development

Watershed development/management is not a onetime exercise. It requires the involvement of 
many stakeholders with various concerns and considers different aspects of development and 
hence passes through different stages as indicated below:

 Recognition phase: Under this phase, the recognition of watershed problems, their probable 
 causes and development of alternatives for them are described. These can be carried out 
 by conducting several surveys on topics related to soil, land capability, agronomic 
 parameters, forest land survey, engineering survey, socio-economic survey, etc.

 Restoration phase: This phase covers the tasks of selection of best solutions and their 
 applications for watershed management and comes after recognition phase, in which 
 treatment measures are applied to the critical areas for the recognized problems, identified 
 earlier during the recognition phase.

 Protection phase: It is the phase in which general health of the watershed is taken care-
 off and its normal working situation is also ensured. In addition, the protection of watershed 
 against all factors which cause deterioration is also carried out under this management 
 phase.

 Improvement phase: Under this phase, the overall improvements made during management 
 of watersheds are evaluated for all the lands covered. Attention is also given to make 
 improvements on agricultural land, forest land, forage production, pasture and socio-
 economic status of the people. 

For the farmers For the local community For the larger cross section of 
society

•	Increased	production	and	
   higher profits
•	Improved	water		availability	
    for crop production
•	Improved	soil	quality	and	
   better drainage
•	Improved	livelihoods

•	Lowers	the	land-	development	
   costs
•	Reduced	flooding	and	water	
   logging
•	Reduced	soil	erosion	and	land	
   degradation
•	Increased	productivity	of	
   agricultural crops and 
   other biomass
•	Improved	livelihood	options
•	A	more	dependable,	clean	
   water supply for domestic 
   and industrial use

•	Less	danger	from	floods	to	
   downstream farmlands and 
   infrastructure
•	Reduced	sedimentation	of	
   costly irrigation projects
•	Better	conservation	of	
   natural resources
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3.7 Integrated Watershed Management Plan Preparation

An integrated watershed management plan (IWMP) is a document developed cooperatively by 
government and stakeholders (watershed residents, interest groups) that outlines actions that need 
to be done to manage land, water and related resources on a watershed basis. Plans contain 
shared goals and a list of actions that work towards those goals over time. The purpose of IWMP 
is to identify priority land and water-related issues in the watershed, determine projects or policies 
targeted to address the issues, and identify how land and water management programming will 
be cooperatively carried out throughout the watershed. IWMP is a road map of the community for 
managing the resources for the future. Watershed plan preparation has a long list of economic, 
administrative, and ecological benefits, including:

•	 Identification	of	the	felt	needs	of	the	people	
•	 The	empowerment	of	local	disadvantaged	groups
•	 Accountability	in	local	governance
•	 Helping	local	boards	to	prioritize	limited	resources
•	 Giving	community	members	an	active	voice	in	protecting	and	restoring	watershed	resources	 
 that are important to them
•	 Ensuring	 groups	 with	 good	 watershed	 plan	 to	 have	 a	 greater	 access	 to	 a	 number	 of	 
 resources for project implementation
•	 Targeting	activities	and	programs	to	areas	that	need	greater	protection,	or	where	limited	 
 resources will be more effective
•	 Setting	a	baseline	for	measuring	the	success	of	management	efforts
•	 Reducing	costs	of	remedial	actions	by	preventing	future	problems

3.8  Community participation in IWMP

3.8.1 Definition and concepts of participation

Different scholars and development partners have given various definitions for the word participation. 
The major technical and functional descriptions given are summarized here below as:

1.  Participation is the involvement of insiders and outsiders actively both in decision-making and  
 at all stages of program implementation.

Figure 7: Participation and the project cycle

Participant

Needs Assesment

PlanningEvaluation

ImplimentationMonitoring
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2.  Participation means local people taking initiative, independent of external institutions to change 
 systems. They develop contacts with external institutions for resources and technical advice they 
 need. But retain control over how resources are used (IIED, 1995).
3 Participation is a process through which stakeholders influence and share control over 
 development initiatives and the decisions and the resources which affect them (FAO, 1995). 
 Stakeholders collaboratively do the diagnosis and analysis (of problems /resources/
  potentials), seek solutions, design strategy, implement, manage and monitor and evaluate 
  development projects/programs.

4 Participation includes people’s involvement in decision-making process, in implementing 
 programs and their involvement in the efforts to evaluate such programs (P.Oakley & D 
 Marsden, 1990).

Box 2: The key points which could be scrutinized from the above definitions are:

a.  Active involvement of the local people in decision making
b.  The complementary role of outsiders and insiders
c.  Participation is a process: local people should be involved at all stages of the project 
  cycle.
d.  Self initiative of the local people, independent of the external institutions, but seeks external 
  support when required and appropriate.

Overall; Participation is the Primacy of People: whatever the purpose or ultimate goal of the project, 
people’s interest, their needs and their wishes must be allowed to underpin the key decisions 
and actions relating to that project. It is not a question of including people as and when it is felt 
by the project management to be convenient; people must sit centre-stage and their interests 
taken into consideration during the whole course of the project life. People’s knowledge and 
skill must be seen as a potentially positive contribution to watershed development. A watershed 
management which does not seek to make use of local knowledge and skills may not only be less 
effective but will also be squandering a useful resource. A participatory watershed management 
should seek every possibility to base its activities upon local resources, both to avoid situations of 
dependence on external ones and also to help develop local capabilities, which will be important 
if the development is to be sustained. Participation is to do with developing people’s capacities 
and this can best be achieved by building on and strengthening their existing knowledge and 
expertise. 

People’s participation must empower WOMEN: participatory development should seek to improve 
gender inequalities through providing a means by which women can take part in decision 
making. Women’s participation must be transformative, not be merely tokenistic; while there are 
often enormous social and cultural barriers which hinder women’s participation, participatory 
development should seek to bring about change and to create the circumstances where women’s 
voices can also be heard. This is a sensitive and critical issue, but efforts to involve women in an 
appropriate manner must be central.

Since participation is an empowering process where people are empowered to make decisions, 
donors, governments, and other players have to relinquish power and control. Increased expectation 
due to involvement of the local people may not always be accomplished though the advantages 
of people’s participation are many and sound. Participation can ensure effective utilization of 
available resources. In real terms, community participation means voluntary sharing by the users 
group their time, energy and money on the program and adopt the recommended measures and 
practices on a sustained basis. 
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Table 4: Typology of participation (level of intensity)

Typology Characteristic features
Passive •	 People	participate	by	being	told	what	is	going	to	happen	

•	 No	consultation	of	people’s	views
•	 The	information	being	shared	belongs	to	the	external	professionals

Participation 
by giving 
information

•	 People	participate	by	answering	question	posed	by	extractive	researchers
•	 People	don’t	have	the	opportunity	to	influence	the	findings
•	 The	findings	are	neither	shared	not	checked	for	accuracy	with	local	
     people

Participation by 
consultation

•	 People	participate	by	being	consulted	for	their	views
•	 External	professionals	define	both	problems	and	solutions
•	 Local	people	have	no	share	in	decision	making
•	 The	outsiders	might	not	‘take	on	board’	people	views

Participation 
for material 
incentive

•	 People	participate	by	providing	resources	(e.g	labour)	in	return	for	food,	
      cash or other material incentives
•	 People	have	no	stake	in	prolonging	the	activities	when	incentives	end

Participation in 
providing cheap 
labour

•	 Community	provides	free,	unskilled	labour	and	donates	local	material
•	 The	thinking	part	(Surveying,	planning,	designing,	etc)	is	done	by	 
      outsiders 
•	 Benefit	derived	from	this	arrangement	is	the	lowering	of	costs.
•	 Believed-labour	contribution	increase	the	people’s	identification	with	the	
      system being built (pride of ownership increased)
•	 Criticism-	if	the	construction	project	is	not	a	priority	for	the	community	
      members, labour may be contributed under coercion (NOT voluntary); if 
      so, then the interest in using and sustaining the facility may die after a 
      while.

Participation in 
cost sharing

•	 Believed	-	people’s	willingness	to	invest	a	part	of	their	meagre	resources	
      is an indication that they value the service and are therefore committed  
      to keeping it in good condition.
•	 Contested-agreements	to	maintain	a	system	may	NOT	in	them	be	 
      a reliable indicator of local commitment.
•	 If	“average”	community	members	particularly	women,	have	not	been	
      involved in decision making concerning the system, they will not be  
      committed to making contributions in the future towards the cost of repair

Functional 
participation/
contractual 
obligation

•	 People	participate	in	joint	analysis	which	leads	to	action	plans
•	 people	have	a	stake	in	maintain	structures	or	practices,	sustainability	of	
      initiatives is increased
•	 The	participation	that	is	important	is	not	the	participation	in	cash	or	
      labour but the participation in decision making

Self- mobilization •	 People	participate	by	taking	initiative	independent	of	external	institutions	
     to change systems
•	 They	develop	contracts	with	external	institutions	for	resources	and	technical	
     advice BUT retain control over how local resources are used
•	 The	initiative	leads	to	ownership	of	the	program	
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If the objective of the watershed management is to achieve sustainable development, nothing less 
than functional participation will suffice (Pretty, 1995).

Box 3: Community participation is the lifeblood of any community-based rural development 
project. It supplies the essential element to empower people, shape community vision, mobilize 
resources, improve relationships and strengthen community solidarity and partnership.  

3.8.2 Features of effective participation:

A realistic participation which focuses on full involvement of the community will have the following 
three characteristics which will be observed throughout the development endeavor. :
 
i) Partnership:

•	 Insiders	and	outsiders	see	themselves	as	equal	partners	in	development
•	 Both	have	a	role,	both	contribute	something	unique	that	the	other	does	not	possess
•	 Insiders	 are	 the	 managers,	 implementers	 and	 decision-makers	 while	 outsiders	 play	 a	
 supportive role
•	 Bothe	recognize	the	value	of	each	other’s	contribution
•	 Joint	analysis	of	problems	and	solution	seeking
•	 Together	they	accomplish	what	neither	alone	can	do
•	 Knowledge	sharing	between	outsider	and	insider

Box 4: The River Analogy
“Think of the community as a river which flows on and on. It has flowed for generations, 
and will continue to flow. As outsiders, we enter the flow of the river (community) at a certain 
point, and exit at another point. Hopefully, we leave something positive and lasting with the 
community.
That is sustainable development!

 
ii) Empowerment: The primary purpose of participation is to encourage community’s self 
    determination, and hence;

•	 Foster	sustainable	development,	
•	 Build	on	existing	local	skills	and	knowledge
•	 Encourage	and	support	insiders	to	take	control	of	decisions	that	affect	their	environment
•	 Help	 insiders	 develop	 certain	 skills,	 contacts	 and	 confidence	 that	 are	 necessary	 to	
 continue after the outsider leaves.

iii)  Plan for exit of the outside agency (phase-over/phase-out):

•	 There	should	be	a	clear	plan	from	the	outset	for	the	exit	of	the	outside	agency
•	 Insiders	should	eventually	take-over	the	entire	management	of	the	program

 Box 5: As a summary, Participation: 
•	 Is	about	power,	the	power	to	make	one’s	own	decisions;
•	 Is	the	organized	effort	on	the	part	of	women	and	men,	and	marginalized	groups	to	
 increase control over resources and structures/organizations;
•	 Results	 in:	 a	 sense	 of	 “ownership”	 on	 the	 part	 of	 the	 target	 group,	 increased	
 commitment to the outcome and objectives, longer-term social sustainability and 
 empowerment of the target group.
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3.9 Integrated Watershed Management and Sustainability

Sustainability, equity and participation are the three basic elements of participatory watershed 
management. Sustainability involves conservation and enhancement of the primary productivity 
of the ecosystem, the main components of which are land, water and biomass. Equity has to be 
seen in terms of creating an equitable access to livelihood resources for the watershed community. 
Sustainability of participatory watershed management can be highlighted under three heads: 
socio-cultural indicators, economic indicators and the environmental/ecological indicators.

Figure 8: Indicators of sustainability

Each of the above three pillars of sustainability have their own specific parameters as described 
in the table below.

Table 5: Parameters for the three sustainability indicators

So, to justify the sustainability of integrated watershed management activities, all interventions 
have to be examined with the above indicators of sustainability. Table 21 of annex 7, can be used 
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4. Planning Steps to Effective Watershed Management

4.1 Planning Methodology: General

Local farmers, pastoralists and other land users and the wider community who depend on the land 
must be involved from the very beginning of the planning process since they are the ones who will 
live with the results. Watershed management includes the treatment of land by using appropriate 
biological and physical measures in such a manner that the results are economically, environmentally 
and socially acceptable. Various participatory techniques are used to promote local participation 
and to carry out watershed planning. They originate from different methodologies widely applied 
throughout the world. In Ethiopia, they originate from Local Level Participatory Planning Approach 
(LLPPA), Participatory Rural Appraisal (PRA), Farming System Development (FSD), Participatory 
Land Use-Planning (PLUP), and the like. These techniques are designed to ensure involvement of 
the whole community in the exercise. The aforementioned tools can also enable to obtain as much 
information as possible within the limited time available. Additionally, participatory watershed 
planning is designed to be as simple, interactive and practical as possible. An integrated watershed 
development plan will be developed with full participation of communities, require team work, 
requires integration between activities, and requires good facilitations. The planning facilitators 
should be open to learn from the communities and share their experience to community members. 
But it should be done systematically in a view to build confidence and trust of communities without 
raising any expectations. The whole exercise of the planning process should focus on changing 
attitudes of the communities and stakeholders. 

4.2. Planning Steps and Procedures

To ensure participatory watershed development planning, there are steps and/or techniques to 
be applied which facilitates information exchange and motivates communities to involve and 
contribute in the process. Considering the experience of different countries and development 
projects, there are NINE planning steps which are comprised of various tools for data collection, 
analysis and presentation. The steps for integrated watershed development planning and the 
techniques to be employed in each step are described below.  

Figure 9: Watershed management planning steps
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Step 1: Getting started at woreda/district level 

The first step in watershed planning process is to 
carry out the required preparation/organizations 
which should be executed at district/project 
level. The very nature of working at a watershed 
level means there will be local stakeholders and 
other partners who have a stake in the overall 
development endeavour. Hence for successful 
planning and implementation process, it is 
important to start with good organization and 

establish rapport with all concerned which enhances the willingness and involvement of stakeholders 
and increases the probability of long-term success through trust and commitment. 

Identify key stakeholders: Stakeholders are those who make and implement decisions, those who 
are affected by the decisions made, and those who can assist or impede implementation of the 
decisions. Key stakeholders also include those who can contribute resources and assistance to the 
watershed planning effort and those who are working on similar programs that can be integrated 
into a large effort. It is important to remember that stakeholders are more likely to get involved if 
they are showed about the clear benefit to their participating. 

In general, there are at least five categories of participants to be considered when identifying 
stakeholders:

•	 Those	who	will	be	responsible	for	implementing	the	watershed	plan	(farmers,	pastoralists)
•	 Those	who	will	be	affected	by	implementation	of	the	watershed	plan	(communities…)
•	 Those	who	can	provide	information	on	the	issues	and	concerns	in	the	watershed
•	 Those	who	have	knowledge	of	existing	programs	or	plans	that	you	might	want	to	integrate	
	 into	your	plan	(government	institutions,	community	based	organizations…)
•	 Those	who	can	provide	technical	and	financial	assistance	in	developing	and	implementing	
 the plan (development partners, academic and research institutes, etc).

In order to undertake a stakeholder analysis, the tables attached in the annex part of this document 
(annex 12, table 1 and/or table 2) can be used.

Organize district level planning team: Participatory watershed planning requires the involvement 
and commitment of various disciplines. This is not only logical but also advantageous as different 
activities are mutually reinforcing. For example; treatment of watersheds with specific conservation 
measures and the consequent replenishment of water-tables are essential for small-scale irrigation 
and the enhancement of soil fertility. This is a key factor for the introduction and expansion of 
horticulture and integrated pest management, marketing and numerous other activities. 

Taking into account practical factors, there should be a group of experts comprising different 
disciplines forming a “District level planning team” who will be assigned to support and follow-
up participatory watershed development planning work and related technical issues. The team 
should include representative professionals of the different disciplines: soil and water conservation, 
forestry/agro-forestry, crop, horticulture, livestock, socio-economics, irrigation, water supply, rural 
road, etc.
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The district/woreda level planning team will have the following functions:

1) Participate in the selection and prioritization of community watersheds 
2) Identify major interactions and ensure coordination between community watersheds. 
3) Organize orientation, experience sharing and training for development agents (community  
 facilitators) and community representatives in watershed planning and implementation
4) Provide technical support to community facilitators during watershed plans preparation
5) Collect and review watershed plans, prepare district/woreda level aggregated watershed  
 plans,
6) Assist in mobilizing and coordinating resource requirements (from the community,  
 government, external support, and others) for implementation of watershed plans
7) Coordinate additional technical support from various levels and partners as required
8) Prepare proposals for linkages/synergies/networking with other institutions
9) Ensure timely result-based monitoring using participatory approaches 
10) Assist in proper documentation and dissemination of watershed development activities

Preparatory activities at district level: In view of the functions described above, the foremost task 
that the planning team has to undertake is to finalize the pre-planning tasks which should be 
accomplished at district level. The major preparatory works which should be accomplished by the 
planning team are: 

•	 Identification	of	major	watersheds	in	the	district	where	planning	need	to	focus
•	 Preparation	of	maps	of	watersheds		proposed	for	planning	
•	 Undertake	training	of	development	agents/community	facilitators	on	watershed	planning
•	 Prepare	required	materials	and	equipments	which	will	be	used	for	surveying/planning	work	

Reconnaissance visit to communities: The first visit to communities and villages is targeted to 
validate the activities accomplished during the pre-planning work. This task is undertaken by the 
district/woreda level planning team together with community facilitators/development agents (if 
they are assigned in the community). The planning team will visit the already proposed watersheds 
and check the validity of the selection and prioritization based on criteria like: location of watershed, 
level of degradation, level of food insecurity, existing potential for change, intended objectives and 
resources availability. During this field visit, the delineation/boundary of the micro-watersheds will 
be verified and corrected accordingly. 

During the reconnaissance visit, the district level planning team members (all together or 
representatives) and the community facilitators introduce and explain about watershed management 
principles to community leaders and village representatives. The level of watershed degradation 
and the need to undertake watershed development interventions will be dealt and consensus 
will be reached to organize a community watershed committee which facilitates the watershed 
planning and implementation process. After establishing agreements on the need of watershed 
planning, the district level planning team will agree on watersheds to be prioritized and discuss 
on next steps to be executed with the community leaders. Once the agreement is made on the 
watershed to be included in the planning, the district watershed planning team will leave a copy 
of the watershed map with the community facilitators and/or community leaders. 

Set preliminary goals: A fundamental step in prioritizing and selecting watersheds is to agree on 
the long-term goals for the watershed. The goal/s will be refined throughout the planning process 
to represent shared goals among stakeholders. Concrete objectives with measurable targets 
and indicators to measure progress will then be developed through consecutive discussions with 
communities and other stakeholders. 
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Step 2: Getting started at community Level

Call for general assembly: The development 
agents (community facilitators) in collaboration 
with the community leaders and village 
representatives will organize a general assembly. 
During this community gathering, the public will 
be given an introduction on the level of land 
resources degradation (low productivity, flood 
damages, drying of springs, deforestation, etc) 
in the area and the relevance of watershed 

principles and management issues. The discussion will then lead towards explaining the objective 
and importance of watershed planning in broad terms; which includes water harvesting, bio-
physical soil and water conservation measures, forestry, livestock development, improved 
agronomic practices, infrastructure development, and others. In this case the explanation to be 
given should be within the range of activities and problems that can be in the mandate area of the 
participants, in order to avoid unnecessary expectations and promises.  It is important to clarify 
to the land users (men and women) that they will be the final decision makers and that selection 
of measures will take place together with them based on feasible solutions and local constraints.

Organizing community watershed team: Once interest has been raised, discuss the need to form 
a representative community watershed team (CWT). Each community (watershed) should select a 
planning team that will deal with watershed planning and implementation within the community 
boundaries. The community watershed team should be comprised of both men and women, 
including representatives from the youth, community leaders and other stakeholders of relevance. 
The CWT is expected to provide constant communication between the development agents, the 
community and the target group. 

The CWT members can be about 10 people representing active members of each of the main 
social groups. Out of the 10 members of the CWT, five or more should be women who are 
influential and outspoken. The key considerations to be taken during the election of CWT are:

•	 Gender:	should	be	a	composition	of	men	and	women.	It	could	be	one	or	two	teams
•	 Wealth:	it	should	have	representatives	from	the	three	major	wealth	categories,	i.e.,	better-
 off, medium and poor. If necessary, wealth ranking exercise could be done.
•	 Geographical	 location:	 make	 sure	 that	 the	 team	 has	 representatives	 from	 villages	 in	
 upstream, middle and downstream parts of the watershed.

Box 6: The following are recommended members to be elected for CWT:

 Four male-headed households representing different social groups (including vulnerable) 
 and living in different parts of the community
 Five female-headed households representing different social groups (including vulnerable) 
 and living in different strata of the community 
 One youth representative 
 One religious representative 
 Others as required by the community (innovative farmers, respected people, women's 
 group, and others).
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The CWT has the following functions: 

•	 Serve	as	a	permanent	contact	with	the	community	facilitator,	the	rest	of	the	community/
 target group and local leaders during planning, implementation and monitoring and 
 evaluation 
•	 Responsible	 for	 identification	 of	 problems,	 opportunities,	 priority	 setting	 and	 plan	
 preparations   
•	 Responsible	 to	 ensure	 the	watershed	 liaison	with	 other	 communities	 located	within	 the	
 broader watershed unit    
•	 Coach	and	aware	colleague	farmers	in	all	steps	of	planning	and	implementation

Agree on timing for planning: After the CWT is elected, try to have a short separate meeting with 
available members and set a time to start planning: problem identification, socio-economic and 
biophysical surveys and follow-up actions. Ask the CWT members if they have any opinion on how 
to proceed (give them the ownership and responsibility).

Step 3: Characterizing the watershed

Characterizing the watershed, its problems, and 
potentials provides the basis for developing 
effective management strategies to meet the 
intended goals. The characterization and analysis 
process helps to focus management efforts on the 
most pressing needs within the watershed. 
 
Bio-physical and socio-economic survey: This is 

very important exercise which enables the watershed planning team to clearly understand the social 
and economic setup and development potential of the planning area/watershed. To undertake a 
successful bio-physical and socio-economic survey, the planning team need to apply the various 
Participatory Rural Appraisal (PRA) tools and techniques efficiently. The most important PRA tools 
which can be used to understand the watershed, peoples’ needs, strengths, people’s interactions 
with the environment, opportunities and limitations are: Semi-Structured Interview (SSI), Village 
mapping/Resource map, Transect Walk, Seasonal Calendar, Venn Diagrams, Flow Diagram, 
Historical profiles/Time lines and proportional piling or pie chart, etc. It is not the scope of this 
manual to provide detail descriptions about the various PRA tools, but for the benefit of watershed 
planners the most common data collection tools are described here below.

a) Resource map/village map

A resource map includes natural resources related information, such as village land area, land 
use (farm, forest, settlement, grazing, etc), catchment/watershed, water sources (e.g ponds, rivers, 
springs), etc. In PRA, a resource map is used to establish dialogue between different groups of 
the community and between the community and the PRA team; to construct a picture of different 
groups of the local environment; to document access to and control over resources; to create a 
baseline reference for use in further discussion; and to identify problems, resources and potentials 
of	a	given	area.	Village	mapping	exercise	promotes	interaction	and	helps	visualize	the	‘mental	
map’ of villagers.
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    Box 7: How to produce a village map?

 Choose appropriate site where the CWT could see most of their area
 Decide what sort of map should be drawn (social, natural resources, farms, etc.), 
 Ask the CWT to sketch on the ground or on a flip chart: the map of the community and 
 major watershed units, recording the main features related to land use and their value in 
 terms of productivity, and basic community assets based on their perception. Eg: drainage 
 lines, villages, cultivated lands, grazing land, bush land, waterlogged areas, woodlots, 
 homesteads, schools, religious places, input stores, health post, road, foot path, market, 
 mountain peaks, lake, streams, etc. 
 The simplest way for the CWT is to draw a map to the very bare soil by using sharp sticks 
 and other simple materials such as stones, pebbles, straws, etc. 
 Select a volunteer who knows the area and the topic of the mapping exercise, & willing 
 to share his/her knowledge, 
 Choose a suitable place (ground, floor, paper) and medium (sticks, stones, seeds, pens, 
 pencils, chalks) for the maps, 
 Help the people get started but let them draw the map by themselves. Be patient and 
 don’t interrupt them. It is their map! Sit back and watch but facilitate the process.
 Allow men and women to do their own map, even if they belong to the same planning 
 team. 
 After the map is finished stand around and discuss about it 
 Make sure you appreciate the work and trigger discussion around resources, assets, 
 access, degradation level, institutions, etc.

b)  Transect Walk 

A transect is a systematic walk which takes the survey team through the different areas of a village. 
The walk rarely follows a straight line, but more often zigzags resulting in cross-sectional maps or 
transect diagrams. The maps/transect lines compare main features, resources, uses and problems 
of different zones of a particular watershed (to be captured using annex 6). 

The objectives of walking transect are:

•	 To	further	familiarize	with	the	community	and	the	environment	
•	 To	investigate	differences	within	the	area	(e.g	land	use,	vegetation,	crops,	soil)	by	direct	
 observation and by using local knowledge.
•	 To	visit	remote	areas,	which	are	not	usually	visited	by	outsiders.
•	 To	contact	community	members	(which	are	not	participating	in	meetings)	during	the	walk
•	 To	cross-check,	information	gathered	from	previous	tools	(e.g	resource	map)	

Box 8: Procedures of a transect walk exercise:

1. Divide the watershed into three parts as upper, middle and lower. If it is small and 
 homogenous dividing into two parts may suffice.
2. Make sure the cross-section captures greatest diversity, land use, and other features that 
 helps you observe more biophysical diversity in a short distance
3. Divide the group (planning team) into two or three and add some knowledgeable people 
 of the village to join the walk
4. Ask the group to finalize their drawing after completing their walk
5. Ask each group to make a short presentation about the transect
6. Make sure you the facilitator take appropriate note and proper drawing of the transect 
 (helps to understand the biophysical conditions)
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7. Brainstorm about what they observe in each land unit and ask them solutions and 
 opportunities
8. This will help you to internalize the problems and priorities
9. Also helps to foresee the development options for each land unit
10. It helps to understand the different components of land resources and processes
11. Helps to interlink process of land degradation, productivity, and land management
12. Helps the planning team to discuss different opportunities and to realize types of land 
 management activities that need to be done under different set of conditions (what could 
 be done where?)

a) Upper part

 b) Lower part

Figure 10: An example of a transect walk exercise
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c) Seasonal Calendar

Seasonal calendar deals with temporal variations of activities over the year. Seasonal calendar is 
useful to explore linkages/connections, and identify problems and opportunities in development 
works. It is also helpful in identifying slack periods of the community and hence in preparing 
activity action plans for watershed development interventions. 

d) Historical profiles/Time lines

This tool reveals important information for understanding situations in a community (e.g the causal 
link between land rights and deforestation and erosion). It provides a summary overview of the key 
historical events in a community and their importance for the present situation.

e) Proportional piling or pie chart

Useful to quantify proportions of a whole, particularly where: absolute values of the whole may be 
difficult to calculate (e.g household expenditure) or participants may be unwilling to give quantities 
(e.g numbers of livestock). It is useful to investigate the division or relative importance of various 
components e.g crop grown Vs total land, soil types Vs total land, land use Vs total land, income 
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•	 Ask	farmers	to	make	a	list	of	all	organizations	that	they	know.
•	 Now	ask	farmers	to	draw	a	large	circle	to	represent	their	area
•	 Ask	farmers	to	prepare	a	circle	for	each	organization
•	 And	ask	them	to	lace	the	organization	circles	near	the	circle	representing	their	area,
•	 When	farmers	have	finished	the	drawing,	ask	questions.	Why	do	some	organizations	have	
 a strong link? Why are some organizations important? Is the development agent/
 community facilitator represented? What is their relationship with the community, etc.

g) Vision of change exercise

•	 Dream:	This	is	the	exercise	where	the	planning	team	is	allowed	to	dream:	what	would	they	
 like their village to be if there are no limitations?

•	 Realization:	This	is	the	exercise	where	the	planning	team	select	those	activities	that	they	can	
 handle within the existing set of conditions out of their dreams. At the end it will allow you 
 to identify priority intervention areas and major problems 
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Table 6: Advantage of dream and realization

Participatory Problem Identification (PI) and Ranking: The next step following the ground mapping 
and transect walk is to conduct problem identification exercise together with the CWT in order to 
identify the most important problems facing farmers and possible solutions. Watershed management 
is a problem-oriented approach. It is important that major problems be carefully defined at the 
beginning (the first step) of the planning process. Generally problems are recognized as related to 
crop and livestock production (e.g pest and animal disease), physical (water logging, land slide), 
environmental (drought, deforestation, soil erosion), economic (lack of credit, limited purchasing 
power, low incomes, etc), infrastructure-related (access roads, access to basic service such as 
health and education), institutional, social or cultural factors, and the like.

In defining problems, pay attention to the following three issues:

•	 Distinguishing	problems	from	causes	and	solutions
•	 Distinguishing	between	symptoms	and	problems
•	 Interactions	between	problems.

Problems in a watershed can be categorized as follow:

•	 Physical	 problems:	 these	 problems	 are	 usually	 not	 difficult	 to	 detect	 or	 identify.	 Steep	
 slopes, badlands, slide-prone soils, weak geological formations, and others can be 
 identified by observation.

•	 Resource	use	problem:	problems	such	as	shifting	cultivation,	forest	destruction,	poor	road	
 construction, uncontrolled mining, and others, should be identified if possible with their 
 causes.

•	 End	problems:	 the	 final	 effect	 of	watershed	degradation-soil	 erosion,	 landslides,	 heavy	
 sedimentation, flood, disappearance of springs, low productivity, higher risk of drought 
 and related increased fragility of the ecosystem, must be identified.

•	 Socio-economic	 and	 other	 problems:	 serious	 socio-economic	 problems	 can	 be	major	
 obstacles in carrying out watershed development works. These may include land tenure, 
 conflict over land and water resources, low incomes and off-farm income generation, 
 acceptance of innovations, gender, seasonal shortage of labor, and others.  

 

Dream Realization

•	 Helps	communities	to	imagine	the	
      impossible but possible
•	 Opens	their	mind	for	change
•	 It	makes	them	creative
•	 It	helps	for	good	participation

•	 Helps	to	develop	mutual	trust
•	 Helps	to	understand	opportunities	and	
     major constraints
•	 Helps	to	assume	the	different	intervention	
     areas (or development options)
•	 Helps	to	set	priorities	and	understand	
     entry points
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       Box 10: Procedure  to be followed for problem identification and ranking

 After the vision of change exercise split the group into two: Women and men
•	 		Beware	by	now	the	group	is	familiar	and	has	certain	degree	of	recognition	to	each	
  other

 Built on what has been agreed during the vision of change exercise
 Allow the group to express major problems in their area
 If you feel the group missed major constraints focus on what opportunities they have and 
 how can they exploit it. Then coin that to a problem.
 Help them to distinguish between actual problems and causes
 Use problem matrix (table below) to make clear analysis and distinguish:

o Between causes and problems, 
o Identify level of severity
o Suggest development options

 Ask them to rank problems, it could be through consensus, simple voting or pair-wise
o Allow healthy conversation if they disagree each other
o Finally take what they agree upon
o Help them to build an argument but make sure not to influence their decision
o Make sure some members are not left out and the process is not influenced by few 
 members, since there are differences in social status (very important)

 Bring the two groups together
 Allow each group to present their case

o This will help to see the different perspectives
o Will also give chance for each group to value their priorities 
o Gives more clarity to the complexity of problems
o Allows to see the inter-linkages of many of the problems

 Use the problem matrix to merge problems (you will find many common problems)
 Make sure the women group is not dominated by the men group

Table 7: Problem matrix table

Problems Major causes
Degree of severity Proposed 

solutions
Severe Medium Low
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Once the problems are identified, they have to be ranked as per their priority to the community. 
Ranking, or scoring means placing something in order. Ranking can be used as part of an interview, 
or as analytical tool by itself. Ranking reveals differences in priorities, and help to understand 
the criterion used in doing so. This exercise can be undertaken after or simultaneously with the 
PI. Ranking also helps to compare priorities and discuss opportunities for community members 
of different social status. Ranking differ from poorest to better-off members in the community. 
However, understanding the priorities of the different groups is very useful as it allows finding 
common interests and relationships between those groups and avoids potential conflict. For 
example poorest members may be interested in getting a share of an area closure to increase 
their asset base while farmers cultivating fields below such closure may agree on such a share if 
they perceive it as a flood control mechanism that avoids damage to their cropland. There could 
be also additional agreements on sharing benefits. 

There are a variety of situations that should lead to solutions and mutual benefits in contrast 
to conflict. In case of the area closure example, it may occur that part of the community would 
disagree in closure as some farmers may see it as less space available for their animals to graze. 
In this case the closure should be undertaken in phases, benefits shown and livestock management 
improved (tethering, fattening, and others). 

Ranking methods are also useful to deal with some sensitive information, especially for income or 
wealth. Informants tend to be more willing to provide relative values regarding their wealth than 
absolute figure. For instance, it is easier to ask a farmer to rank his income sources by importance 
rather than asking him how much he earns. Note that ranking scores are easier to obtain than 
absolute measurements. There are four type of ranking commonly used in participatory planning: 
preference ranking (ranking by voting), direct matrix ranking, pair wise ranking and wealth ranking.

While undertaking any ranking exercise:

•	 Let	people	do	it	their	own	way
•	 Use	people’s	own	unit	of	measurement
•	 Use	local	names	and	materials
•	 Be	pertinent,	probing	and	eager	to	learn

Preference ranking implies voting for selecting priorities. Use card sorting or tally people’s preference 
by vote. In watershed development planning ranking problems should be participatory but simple. 
Land users may get easily irritated by complex procedures for ranking as they are usually clear 
about their utmost problems and priorities. This exercise should also be undertaken with tact as it 
often occurs that specific households would not appreciate being placed in specific categories and 
signaled to others as destitute or extreme poor. There should be a general consensus about the 
importance of specific issues and problems but the focus should be on the solutions and means to 
reverse negative trends. All groups (not few individuals) should feel they are part of the solutions.

Wealth ranking (WR) is an exercise used to assess and understand household profile in terms of 
assets and income levels, thus related to capabilities, resilience to shocks, food security and other 
socio economic parameters. Further, wealth ranking is used to understand and address factors 
determining vulnerability, WR is also used to have fair representation in planning teams, i.e. select 
members of different wealth groups so as to voice every categories needs and aspirations.



32

Collection of additional/secondary data:  The PRA techniques applied so far will provide information 
which can be measured or observed at watershed level or information which can be collected 
through interviewing community members and resource persons. Nevertheless, there may be data 
sources which will serve to fill the gaps in data acquisition. In this regard the collection and 
analysis of secondary data are paramount important. 

Secondary data sources refer to information available for use. The major secondary data sources 
are:

 Maps, photographs, images
 Government records and official reports
 Media reports, research publications
 Anthropological and ethnographic studies

The purpose of collecting and analyzing secondary data is to:

 Summarize existing information 
 Identify information gaps
 Tentatively identify social strata
 Tentatively identify problem & development potentials

Analysis of survey results: The identification of the existing potential in the watershed and analysis of 
the opportunities and limitations for future development lies on the study, transect walk, mapping 
exercise and inventory of resources carried out above. The development agents and the CWT 
should then analyze the relationship between the identified problem and socio-economic survey 
results, as well as the biophysical resources assessed. The result of this analysis will help to identify 
what existing opportunities are available to solve the socio-economic and watershed problems 
able to change the livelihood of the community and attain food security at a faster rate. Moreover, 
analysis will show which areas should be focused as a key and priority needs. Through such 
analysis it would be possible to fulfill short, medium, and long-term objectives. 
At the end of this exercise, a BASE MAP is produced with sufficient scale to place all the information 
stated above. Suitable scale could range from 1:2000 to 1: 5000 for community maps. Farmers’ 
maps/village maps and transects should be also reported on paper for reference and for comparing 
these maps with base maps.

At this stage, it is important to stop and arrange/organize a general meeting with all community 
members to present the results of the work achieved so far. The presentation should be made by 
the CWT (s) and the whole community should be encouraged to participate in the discussions. 
During this time, it is also possible to revise the problems identified and their rank when identified 
at earlier stages. 

The general assembly meeting at this stage is useful to:

 Finalize the problem identification and the preliminary solutions proposed by the watershed  
 planning team (s) in the order of priority
 Agree on overall community’s acceptance of the planning work achieved so far
 Check if the work results of the planning team represent the idea(s) and aspirations of the  
 different community groups
 To involve as many people as possible in the planning exercise so as to ensure greater  
 community empowerment and encourage active participation of the community
 To sensitize the women and gender issues in the watershed development programs.
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In order to finalize the collection and analysis of socioeconomic data and information, the tables 
and formats attached from annex 6 - 13 need to be used.

Step 4:  Identification and Prioritization of interventions 

Now that the watershed is characterized 
properly and gathered considerable amount 
of information from the community, key 
informants, focal groups, field surveys and 
mapping work. This has made the planning 
crew (community facilitators and the CWT) 
to be more aware of the constraints faced 
by the community and the potentials and 
opportunities for development. The next 
task is to relate the various socio-economic 
issues with bio-physical elements within and outside the community watershed to select the different 
interventions that bring change. The possible interventions need to be planned in an integrated 
manner. The watershed logic has to be followed during planning. The plan to be prepared shall 
include activities/interventions that consider the existing potential and constraints of the various 
land use types in the watershed.  In addition in this step, the planning teams will also need to refine 
the preliminary goals and develop more detailed objectives, measurable targets, and indicators. 

Identification of development interventions: This is the step where different activities and 
technologies are selected to address major problems (socio-economic and biophysical problems) 
and to utilize existing opportunities. To properly select from the different measures, particularly 
those related to natural resource development and productivity enhancement, the community 
facilitators    (development agents) and the CWT should carefully look at the land use, soil, 
slope and vegetation features. They should identify those measures most suitable under different 
agro-ecological conditions based on the problems and demands or priorities expressed by the 
community. 

During this time, the planning teams need to give due emphasis to traditional knowledge, 
experiences of farmers/land users, technical packages formulated by concerned institutes and 
those technologies which are observed working well in other similar watersheds. Shopping of 
technologies from research and higher learning institutions should be considered as an option. 
In this regard, it is important to integrate technologies/practices/approaches which can fit to the 
specific ecological conditions of each watershed and can address the social and economical 
requirements of the communities. The technological options and approaches which will be 
recommended should address women’s needs and aspirations (reducing their workloads and 
environmental hardship). 

Box 11: Here, it is important to note that solutions to some problems are beyond the mandate of 
the development agents and CWT. At this stage, it requires to undertake cooperation with other 
concerned organizations. Support of the district level planning team is also crucial. Problems 
tackled by a multidisciplinary and coordinated team would be better addressed and resolved. 
The CWT shall reject or postpone solutions to problems that are unlikely or impossible for them 
to solve. Even within their mandate there could be activities they will not select because of lack 
of skills and resources that are unlikely to be made available. In such cases it is important to 
be supported by the district level planning team to resolve such problems and amend the plan 
in a reasonable manner.

  

Step 4: Identification and prioritization of 
options 

• Identification of development interventions 
• Integration of interventions 
• Sequencing of interventions following watershed 

logic 
• Set goals and management objectives 
• Set preliminary goals  
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Integration of interventions: It is already said that watershed is a comprehensive approach which 
involves many actors and demands the amalgamation of various technologies and approaches.  
Each technology has its specific design, layout, implementation and management criteria. 
Furthermore, each technology in a watershed and land-use system is not applied in isolation and 
needs to be integrated with other measures in order to: further strengthen the measure and improve 
its efficiency, improve its productivity, reduce maintenance costs, and generate multiple benefits. 
There is no absolutely perfect technology which can stand by itself. Every technology demands the 
application of the other measures to stay stable and perform properly. Hence, planners need to 
seek the proper integration of technologies and approaches to ensure sustainable and relatively 
quick changes as a result of development interventions in a watershed. The following examples 
will describe the need of technology integration:

 Box 12: Examples of activity integration
 Soil or stone bunds on steep slopes: These measures will benefit from vegetative 
 stabilization with grass and legumes, application of compost (particularly close to the 
 bund area where the soil is deeper and the moisture is high), contour plowing, a correct 
 crop rotation, relay cropping, intercropping and other soil management and agronomic 
 measures as per the agro-climatic conditions and farming system of the area.
 A check-dam or an SS (sediment/soil storage) dam in a gully is supplemented by plantation 
 of various species (including cash crops) on soil deposit, vegetative reinforcement along 
 the check-dam embankments, gully side reshaping, filling and planting with tree, shrub 
 and grass species 
 A water pond needs to be provided with a silt trap and spillway, fenced with a tree/ 
 fodder belt, acting as windbreak and as source of vegetation and flowers (for instance, 
 pond surroundings are suitable areas for bee-keeping). The pond should also have a dry 
 thorny fence to keep out children and animals from entering the area, particularly during 
 the first few years until the vegetative fence is sufficiently thick.
 Trenches constructed for tree planting are measures that need to be integrated with 
 proper pitting, provision of few handfuls of manure/compost and mulching of grass after 
 the rainy season, and stabilization with productive shrubs and grass.

The integration should be ensured at watershed level too. The interventions to be implemented in 
different land uses of a watershed need to be integrated and supported each other. For, example: 
Gully control needs to be integrated with treatment of upper reaches (closure area), side lands 
treatment if crossing cultivated areas (bunds), and sharing and management arrangements. If 
treated with large structures, a gully can also be integrated with shallow wells dug below series 
SS dams and small scale irrigation technologies. A community water pond needs to be integrated 
with upper catchment protection (closure) and gully control to avoid excess siltation and pollution 
of the pond. Trenches are an integral part of closure which can be designed in various forms 
based upon the type of soil of the area. Trenches can be integrated with eyebrow basins and other 
structures on the upper steep slopes. The interactions and integration requirements at watershed 
level are essential to guide the sequence of activities and increase the range and quality of 
conservation and development opportunities that can be generated from systematic treatment 
within and between sub-watershed and broader units. Other development requirements such as 
health, school, etc, should be taken as an integral part of watershed development in a broader 
or critical watershed. These issues need to be addressed and handled in consultation with the 
respective district/woreda and higher level institutions.
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Sequencing of interventions following watershed logic: In one big watershed there are many 
community watersheds which are located at different positions. Definitely, there are positive and 
negative linkages and interactions between the watersheds. During planning, it should be assumed 
to undertake interventions following a logical continuum. The upper community watersheds should 
be managed in parallel or before the lower watersheds are treated. If that is not the case, whatever 
is implemented in the lower catchments will be affected by the influence of the upper watersheds.  
Even in one watershed, though it is called as a homogenous unit, there is the upper part, middle 
part and lower parts which will have some specific landscape characters. The watershed planning 
process and hence development interventions should follow a logical sequence, and starts in the 
upper part of the watershed and proceeds further down until all sections are covered. 

Set goals and management objectives: The preliminary goals and associated indicators are 
identified earlier in step 1, together with stakeholders. But now, the planning crew will refine those 
goals on the basis of the data analysis. It will also be possible to establish objectives and targets 
that will guide the development of the management strategies. The box below gives an example 
on how to develop goals and formulate indicators.

Box 13: A preliminary goal developed during step 1 of the watershed planning process might 
have been to “restore aquatic habitat.” Based on the information collected during data analysis, 
in step 3 of the watershed planning process,  it might be determined that the causes contributing 
to poor aquatic habitat include upland sediment erosion and delivery, stream bank erosion, 
and near stream land disturbance ( livestock, construction). Linking the preliminary goal to the 
source and impacts of pollution will help the planners define management objectives. In this 
case, the appropriate management objectives could include (1) reducing sediment loads from 
upland sources and (2) improving riparian vegetation and limiting livestock access to stabilize 
stream banks.

Step 5:  Getting the options discussed and approved 

The planning team will make presentation 
of their plan (including problems, priorities 
and recommended measures) to the general 
assembly (what, where, when and how to 
implement should be explained properly). At 
the same time, the technical feasibility of the 
recommended measures will also be discussed based on the various options, adopted and/or 
adapted to local conditions and community priorities. At this stage, the development plan would 
be at draft level. Hence, it is a prerequisite to call a general assembly of the whole community to 
reach consensus on the measures proposed and to approve the plan consequently.

Plan validation by the community: The community watershed planning team representatives (CWT) 
would present and discuss each section of the plan to the community. During the presentation, 
the CWT should encourage people to express their opinions and raise questions and facilitate the 
process to keep gender balance. Here some changes and more suggestions would come which 
were not thought by the CWT during the initial planning. Even some individuals and interested 
groups may change their mind or add more ideas and suggestions. In this regard, enough time 
should be taken to discuss and agree on the possible measures to be implemented in different 
parts of the watershed. Moreover, the willingness and preparation of the communities to contribute 
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• Plan validation by the community 
• Discussion among the planning team members 
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labor and local materials during implementing planned activities have to be described and agreed.
Discussion and plan finalization by the planning team: After completing the general assembly, the 
CWT will have a separate meeting among themselves to see the possibilities on how to address the 
concerns of the community in the planning document.  In addition, the CWT need to consult and 
agree with communities located upstream, downstream or adjacently about common measures 
based on watershed interactions. This step is essential as these measures often are the entry 
point for multiple benefits. In this regard, the role of the community facilitators and of the local 
administrative bodies is very important to decide the sequence and priority of specific activities of 
mutual benefit for more than one community. To complete this exercise, the CWT has to revise the 
plan according to the final agreement reached with the community. 

Step 6:  Organizing the watershed plan 

This is the step whereby the CWT and district level 
planning team prepare the development map 
of the community watershed, identify required 
inputs, set time frame for implementation, 
establish interim milestones and report the plan 
to the concerned bodies.
 
Development map preparation:  The CWT must be able to locate on the ground where the 
various watershed development interventions are to be implemented. The development map is 
an essential instrument that shows the actual placement of sites of development interventions 
in type with respect to land use types. This map will be used during implementation of the plan. 
Furthermore, the map is essential to the planners for determining the extent of the areas and the 
volume of inputs required.

Points to be considered when preparing a development map:

 The scale should be the same as that of the base map.
 It should show compartments of the development blocks in accordance with phasing.
 Any major community asset and development works that have been previously implemented 
 should be transferred to the development map.
 Proposed development works, including maintenance or rehabilitation of existing measures 
 should be indicated.
 Symbols should be used to show the development interventions and other necessary 
 information.
 The map should be provided with standard legend so that user can easily understand it.

An enlarged copy of the Development Map should be prepared and kept at the community and/
or village levels for monitoring and ownership building purposes. Once implementation starts, 
the community and village dwellers can fill that part of the plan is already completed and get 
encouraged.

Inputs for planned interventions: Once the preparation of the development map is completed, the 
next work would be estimation of inputs required to implement the planned activities and prepare 
action plan indicating the period of supplying the inputs. The inputs include labor, surveying 
equipment, construction materials, seeds, seedlings, etc. The volume of inputs required for 
implementing the plan is dependent upon a number of factors, and only a very general estimate 
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may be obtained. The extent of the work (area), specification, degree of slope, soil texture and 
condition (wet or dry), and the working pattern, are all factors that influence the amount of labor 
and material inputs. For convenience, both during planning and implementation, it is helpful to 
complete the input requirement action plan with the consent of the communities. 

Action plan preparation: The overall watershed plan is used as a foundation document for 
preparing work plans, which will outline the activities in 1 – 5 years time frame. Think the multiyear 
watershed plan as a strategic plan for long-term success and annual work plans as the specific
to do lists to achieve that vision. The action plan should be carefully and accurately developed 
on the basis of what has been agreed upon with the community for the implementation of the 
proposed measures. It should show a multi-year plan with first year activities being prepared in detail 
(quarterly and monthly). For other years; second, third, and more years are strategic projections, 
to be adjusted and/ or modified after the first year implementation and results. The action plan or 
schedule should be arranged in consultation with the community but also with concerned experts 
who may know more about external supports on resource supply and availability. Moreover, a 
plan of action should also embrace the training needs for land users (both men and women) and 
development agents. The action plan/schedule should include a timeline of when each phase of 
the step will be implemented and accomplished, as well as the agency/organization responsible 
for implementing the activity.

Establishing interim milestones: When designing an implementation schedule, it is important to 
establish interim milestones that will help to measure the implementation of activities included 
in the watershed plan. The milestones are usually indicated against relevant time scales like the 
following: short-term (1 to 2 years), mid-term (2 to 5 years), and long term (5 to 10 years or 
longer). 

Reporting the prepared plan:  The development plan prepared by the community in collaboration 
with the community facilitators should be reported to the responsible organization in the district 
and then to other higher bodies in the hierarchy. The contents to be included in the preparation 
of the watershed plan document shall contain issues indicated in the box below. If the watershed 
development plan is in the form of a project, a standard project report format should be used for 
reporting the watershed development plan preparation. At this stage, a report can be completed 
which includes problem identification, socioeconomic survey, biophysical assessment, base map, 
development measures identified,  development map, input tables and schedule for implementation. 

Box 14: A watershed development/management plan document has to include the following

 Basic and/or general information about the watershed
 Detail description on the characteristics of different land use types (limitations and 
 potentials) of the sub-watershed
 Description of proposed interventions for each land use type
 Detail activity plan with the corresponding budget for input, labor, community contribution 
 and transport cost
 Institutional mechanisms for implementation of proposed interventions
 Community organization system or user groups for the implementation of the activities 
 and managing the results
 Description of expected outputs and outcomes 
 Detailed mapping exercises (present land use and development maps) 
 Clear roles and responsibilities of stakeholders
 Determination of training and other capacity development needs
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 The list of community, and district/woreda watershed team members 
 Land use concept note with regard to the utilization and management arrangement of the 
 land during and after rehabilitation
 Hence, the planning document will be prepared considering the aforementioned topics. 
 Nevertheless, planners have to see all possibilities to shorten the document so that it will 
 be very handy to be used by implementers at field level.

Step 7:  Environmental and Social Management Framework (ESMF)

The watershed development plans prepared 
by the community need to be scrutinized before 
implementation in case they have any drawbacks. 
Community watershed interventions may not 
require a full scale environmental and social 
impact assessment. However, environmental and social analysis is necessary and appropriate 
environmental and social management plan has to be prepared to prevent, minimize, mitigate 
or compensate for adverse impacts. Thus, to ensure that any undesirable impacts are avoided 
or mitigated in watershed development projects, environmental and social issues have to be 
mainstreamed. The implementation of environmental and social management framework 
(ESMF) or initial environmental examination (IEE) for watershed development helps to sustainably 
manage our natural resources by integrating proper environmental management into watershed 
development planning and implementation. ESMF/IEE checklist is used for different activities: small 
scale projects like water harvesting, small scale river diversion, irrigation activities, community 
road construction, catchment treatment, etc.

 Identification of impacts of intervention: The various development measures which could 
 be implemented in a watershed may have side effects on the environment and social 
 stability of the community. Therefore, it is always mandatory to scrutinize each intervention 
 properly and identify the possible impacts which will come as a result. Those interventions/
 projects with no or insignificant potential impacts can be directly approved and implemented. 
 Whereas, those interventions likely to have low to moderate to high adverse impacts and 
 unknown impacts should be tagged as projects/interventions of environmental and social 
 concern before referring the plan for approval. 
 Design mitigation measures: After analyzing the intervention measures properly and 
 understanding the level of impacts they will have on the environment and the watershed 
 community in general, possible mitigation measures have to be identified. The mitigation 
 measures proposed have to be again included in the watershed plan document.

The overall procedures to be followed and formats to be used in order to identify impacts of 
intervention measures and planning for mitigation measures are included as annexes for detail 
understanding and for day to day application (Annex 10 shall be used for this purpose).

Step 8: Design Implementation strategies

Resources identification and mobilization: A critical 
factor in turning the watershed plan into action is 
the ability to fund implementation. Funding might be 
needed for multiple activities, such as management 
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practice implementation, information sharing, capacity building, monitoring, and administrative 
support. Rural communities have key role to play in contributing labor and local materials towards 
implementing watershed management activities. There are a number of activities that are within 
the reach of the land users to design and implement. Various forms of participatory mobilization 
and solidarity schemes (social networks) are available in rural areas where communities used to 
implement labor demanding tasks. In most rural settings, traditional work parties with varying 
degrees of sophistication and purpose carry out specific activities in a specific period of time. The 
arrangements often involve significant number of people even from relatively distant places. The 
basic principle that draws people together in such an arrangement is the presumption that working 
close together increases per capita labor efficiency and ensures quality output. 

Therefore, to implement watershed management activities, it is necessary to identify the type of 
materials that can be collected and/or supplied from the local community and need to mobilize 
the existing labor potentials. During planning, particularly during the community discussions, 
the type and amount of local material and labor that can be contributed from the community 
have to be discussed and agreed upon.  The preparation of project proposals and submission 
to the development partners in search of funding for watershed interventions that require huge 
investments is the other option to be coordinated by the district level watershed planning team in 
consultation with the communities. 

Organizational arrangement at watershed/community level: As it is seen already, the watershed 
development process needs a large investment in terms of time, finance and labor. It is expected 
that all the watershed users (who are living in the watershed and or who have land in the watershed 
territory) are expected to participate during planning, implementation, monitoring and evaluation. 
Looking into the number of people participating and the occasions to have discussions and 
consultations, it is a necessity to have organizational arrangement which brings them together. The 
community members have to be organized in watershed users associations and/or user groups 
so that they can develop a bye-law which could serve as a binding document among community 
members. The bye-law will have various articles with respect to the rights and responsibilities of 
watershed communities in relation to watershed development and utilization. 

Capacity building for implementers: Building the capacity of local communities and extension 
workers is an important component in watershed management. Different people will have different 
roles and responsibilities in watershed project’s implementation and there is a need to train people 
involved in the watershed development program/project at various levels: villagers, community 
based organizations, extension staff, and others. The purpose is to achieve sustainable village/
community-based development with integrated watershed management serving as a tool. The 
trainings can enhance knowledge, attitude and skills of participants and enable them to be capable 
of shouldering technical and managerial challenges facing during implementation of various 
activities. In addition to trainings on various subject matters, community members, development 
agents and experts have to get a chance to visit (sharing experiences) some other areas where 
exemplary watershed management interventions are undertaken.
 
Facilitate implementation process: Once the watershed plan preparation is completed and 
other necessary arrangements are made, then it is time to start the implementation process. 
Before embarking into the implementation process, one should make sure that all the necessary 
materials and equipment are procured and transported to the respective watershed. The overall 
implementation follows the action plan/schedule prepared in consultation with the community. 
At watershed level, the task of facilitating the implementation process is on the shoulder of the 
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watershed committee members and the community facilitators with an administrative support from 
the local government bodies. As the task of watershed management is multifaceted, it is important 
for watershed committee members to share the tasks among themselves. The regular technical 
support by community facilitators and district level subject matter specialists is crucial. On top 
of that the administrative bodies at various levels have to visit the watersheds periodically and 
provide managerial coaching and support.   

Step 9:  Participatory Monitoring and Evaluation 

Participatory monitoring and evaluation (PME) 
is different from conventional monitoring and 
evaluation in its focus on participation. Being 
an organized method, by which information is 
documented and available to all, planning is 
also an essential part of the monitoring and 
evaluation (M&E) system. The planned list of 
activities, targets, technical designs, reasons 
for selection, maps, and others, should be considered as benchmarks, which allow field staff 
to compare achievements and their impact against original purposes. PME is an essential tool 
for financiers, government, local leaders, beneficiaries and other stakeholders. The watershed 
management activities need to be periodically reviewed and compare the results with the interim 
milestones prepared, provide feedback to stakeholders, and determine whether it is necessary to 
make corrections. Regular supervision, as part of a monitoring and evaluation exercise, should 
be made at all levels of implementing agencies of watershed development program. PME has 
multitude of benefits of which the most common ones are the following:

 Increases consensus on project goals, objectives and activities
 Creates ownership over evaluation results
 Increases cost-effectiveness for information sharing 
 Provides timely and reliable information for decision making
 Enhances learning by local stakeholders and utilizes local knowledge
 Enhances skills and confidence of local people on management of development projects

Monitoring and evaluation have differences, the difference between the two concepts are 
mentioned in the table below.

Table 8: The difference between monitoring and evaluation
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Figure 11: The need to monitor and evaluate

Participatory monitoring: Monitoring is a management tool which facilitates continuous learning 
and provides quality information on which to base evaluation. Participatory monitoring is the 
systematic recording and periodic analysis of information that has been chosen and recorded 
by insiders with the help of outsiders. The main purpose of participatory monitoring is that it 
provides information during the life of the project, so that adjustments and/or modifications can 
be made if necessary. The adaptive management approach is not linear but circular; to allow you 
to integrate results back to your program (as shown in figure 12). For monitoring, to be successful, 
it has to be participatory. This means that each stakeholder is involved in identifying the indicators 
and in measuring them. Participation will ensure that those indicators will be chosen which are 
meaningful to them. This means that the community, the experts and other stakeholders should 
undertake the review of the indicators jointly. Decision to make any modifications in the project/
program being implemented must also be taken jointly based on review.

Figure 12: Monitoring and adaptive management process

A number of participatory monitoring tools are currently exercised for reporting and re-planning. 
The process of participatory monitoring should be RESULT-BASED, to enable communities to 
assess changes against initial stage, learn from best practices and apply corrective measures as 
required. Furthermore, it also tracks level of participation and equity in decision-making. Result 
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based monitoring and evaluation (RBME) is a process in which representatives of agencies and 
stakeholders (including beneficiaries) work together in designing, carrying out and interpreting both 
the monitoring and the evaluation programs and projects. The inclusion of a monitoring system 
within a watershed plan is instrumental to evaluate the effectiveness of the implementation efforts 
overtime and measure successes against the criteria established earlier. Monitoring programs can 
be designed to track progress in meeting watershed development goals. 

Participatory Evaluation: Evaluation is a process in which judgments on success and failures are 
made. Some evaluation can be made from regular result-based monitoring activities (process 
and outputs), but data can also be collected for evaluation purposes (outcomes and impact). 
Evaluation is where the learning occurs, questions answered, recommendations made and 
improvements suggested. There are two primary reasons to evaluate a watershed program. First, 
stakeholders want to be able to demonstrate that by implementing the management measures, 
they are achieving their watershed goals. Second, they want to be able to continually improve 
their program in terms of efficiency and quality.  There are three types of evaluations: (1) Process 
evaluation; (2) Outcome evaluation; and (3) Impact assessment.

(1)  Process evaluation measures the implementation of activities and how effectively this is done.  
 It enables the stakeholders to develop a better understanding of the functioning of the  
 program. In particular, it allows the stakeholders to understand the links between resource  
 use, program activities, the intended and unintended immediate effects of those activities,  
 the predetermined objectives, which are pursued, and the contribution of the program to  
 some long-term vision.

 (2)  Outcome evaluation measures the effect of the activities that have been undertaken, mainly  
 the more immediate, tangible or observable changes. It enables the participants to apply  
 the understanding, which they developed in the process evaluation to assess which of  
 their goals are being achieved, and how well this is being done. Examples of outcomes are  
 runoff level; availability of animal feed, woodlots established, crop production levels,  
 stabilized structures, etc. 

(3)  Impact assessment measures the long-term widespread consequences of the interventions.  
 Comparison is made between the situation at the beginning of interventions and the  
 situation after few years of interventions. It is also made by comparing the intervention  
 area with an area, which did not receive any intervention during the period under  
 observation. Examples of parameters to be measured include changes in income level,  
 changes in poverty levels, and changes in productivity of land, improvement in fuel wood  
 supply, animal productivity, reduced food gap, improved resilience to climatic shocks, and  
 others. The impact to be determined depends on the indicator outlined at the beginning of  
 interventions. As the ultimate beneficiaries of all natural resources are people, it  
 is always wise to see the impact on the livelihood of people. However, the impact on the  
 natural resources base is also critical for watershed development activities and its impact on  
 sustainable livelihoods. In general, the evaluation team will evaluate three major components  
 of the watershed implementation program: Inputs, outputs, and outcomes. The evaluation  
 framework should include indicators to measure each component. A brief description of  
 each component is included below. 
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 Box 15: Components to be covered during evaluation

 Inputs – the elements of the process used to implement the watershed program (i.e.,  
 resources)
 Outputs – the tasks conducted and the products produced (i.e., installing management 
 practices)
 Outcomes – the results or outcomes realized from implementation efforts ( i.e., 
 environmental improvements, income increment)

 Remark: Evaluation starts by assessing inputs, proceeds to outputs and then analyzes 
 outcomes. Whereas, the planning process begins by having a clear understanding about 
 expected outcomes, draws outputs and then reach to the required inputs. The explanations 
 given above indicate that the processes of planning and evaluation follow opposite 
 directions.

Steps in participatory monitoring and evaluation: There are some steps that the stakeholders to 
follow to realize a participatory monitoring and evaluation (PME).

 PME plan: Monitoring has to be done against a plan and expected results. In the context of 
 watershed program, watershed development plan that is developed in a participatory 
 manner will form the basis for developing a monitoring system. PME plan should be 
 developed at the beginning of implementation of watershed development interventions. 
 The objectives and the roles of stakeholders (in the monitoring and evaluation process) 
 should be clearly defined.
 Formation of PME team: Though it is not always a full time job, PME requires consistent time 
 inputs for regular data generation, analysis and evaluation. It is important that a small team 
 consisting of community members and experts, which is responsible for the PME of 
 watershed development, be established.
 Orientation to team: Orientation should be provided to team members on the concept of 
 PME.
 Determine information needs and develop indicators and key PME questions: Information 
 related to the intended outcomes and changes, outputs and activities have to be identified 
 and agreed. Indicators need to be set first and information needs and collection methods 
 developed.

Changes can only be measured if appropriate indicators are set at the beginning of interventions. 
The indicators should be objectively verifiable, meaning they can be assessed by anyone and 
should come up with similar outcomes. These indicators should be precisely defined in terms of:

•		 When	the	change	should	be	expected
•	 	Where	the	changes	are	taking	place
•		 Who	is	going	to	benefit	at	the	end	of	the	interventions
•	 	What	has	to	be	changed
•	 	How	much	change	is	expected.

For example, indicators such as “the living conditions of the people will be increased by 50%” are 
vague and unacceptable. The indicator did not define accurately all parameters indicated above. 
An example of a good indicator is “the income level of 75% of the households living in x watershed 
increased by 25% by year 2018". The indicator defined when (2018), where (x watershed), whose 
(75% of the households), what (income level) and how much (25%) change is expected because 
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of the interventions. The indicators for a given watershed have to be determined based on the 
reality of the area. However, there are some universal indicators for watershed development. Effort 
should be made to select indicators that can be measured without so much investment in time and 
cost.

Reporting and documentation: Reporting is one important aspect of PME. Regular reporting system 
should also be designed to channel information to those involved in analysis and evaluation 
of the data. Documentation of impact assessments should be carried out at regular intervals. 
Documenting the knowledge and experience of the overall watershed development intervention is 
one of the other key issues to be addressed properly.

Box 16: Prepare action plan for watershed planning

After a clear understanding of the planning steps, the most important task that should be 
accomplished before embarking into the planning process is preparing an overall action plan 
which can be used as guiding document throughout the watershed management planning 
steps. The action plan to be prepared includes all steps of planning, the core tasks to be 
accomplished in each step, indicators which show the accomplishment of each core task, 
time of implementation of each task and the responsible bodies who will take part in various 
stages of watershed plan preparation. The action plan can be a one page tabular format 
which will serve for planners to assess the progress of implementation and to monitor the 
planning tasks which are accomplished or pending. That means it can be a useful tool to see 
accomplishments of the planning process and design appropriate actions to be taken for tasks 
which need further improvement. In addition, it also shows how each stakeholder is handling 
the tasks under its responsibility and hence helps to take supportive actions. This particular 
action plan can be prepared using the table below.

No Planning steps Core tasks
Indicators/
milestones

Implementation 
time

Responsible body
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of the interventions. The indicators for a given watershed have to be determined based on the 
reality of the area. However, there are some universal indicators for watershed development. Effort 
should be made to select indicators that can be measured without so much investment in time and 
cost.

Reporting and documentation: Reporting is one important aspect of PME. Regular reporting system 
should also be designed to channel information to those involved in analysis and evaluation 
of the data. Documentation of impact assessments should be carried out at regular intervals. 
Documenting the knowledge and experience of the overall watershed development intervention is 
one of the other key issues to be addressed properly.

Box 16: Prepare action plan for watershed planning

After a clear understanding of the planning steps, the most important task that should be 
accomplished before embarking into the planning process is preparing an overall action plan 
which can be used as guiding document throughout the watershed management planning 
steps. The action plan to be prepared includes all steps of planning, the core tasks to be 
accomplished in each step, indicators which show the accomplishment of each core task, 
time of implementation of each task and the responsible bodies who will take part in various 
stages of watershed plan preparation. The action plan can be a one page tabular format 
which will serve for planners to assess the progress of implementation and to monitor the 
planning tasks which are accomplished or pending. That means it can be a useful tool to see 
accomplishments of the planning process and design appropriate actions to be taken for tasks 
which need further improvement. In addition, it also shows how each stakeholder is handling 
the tasks under its responsibility and hence helps to take supportive actions. This particular 
action plan can be prepared using the table below.

No Planning steps Core tasks
Indicators/
milestones

Implementation 
time

Responsible body
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5. Selection of Technologies for Watershed Management 

Watershed is a system where various interrelated technologies work together. The impact aimed at 
can only be achieved by joint functioning of all technologies related to rehabilitation of degraded 
areas, water conservation, crop and livestock productivity enhancement, income generation, etc. 
The different technologies are often positioned in a sequence in the landscape (topo-sequence, 
defined by water flow, up-/downstream). As a result, the technological selection for a watershed 
need to ensure that the recommendation is made based on the biophysical characteristics and 
potential of a given watershed. In addition, it is essential that the technologies selected need to be 
well integrated to each other. 

There are a range of watershed management technologies and approaches which are tested in 
different parts of the world and proved to be working. Technical guidelines and manuals are also 
available for some of the technologies. Nevertheless, the existing technical materials are either too 
broad which includes all sorts of theoretical details or very shallow which gives only a very short 
highlights. Even some of the technologies are new enough for many areas and do not have any 
background information yet.  

With this understanding, an information-kit (toolkit) is prepared for selected watershed management 
technologies. The toolkits are meant to serve as an information, extension and communication 
materials prepared to assist experts at different levels and community facilitators/ development 
agents for their day to day professional service. 

Box 17: The watershed management measures/technologies for which the toolkits are prepared 
are grouped under major headings as:

•	 Physical	soil	and	water	conservation	measures
•	 Biological	soil	and	water	conservation	measures
•	 Moisture	harvesting	measures
•	 Structural	rainwater	harvesting	measures
•	 Drainage	management	structures
•	 Gully	treatment	measures
•	 Forestry	and/or	agro-forestry	practices
•	 Wind	erosion	control	measures

The toolkits provide information on general characteristics of a technology, the suitable agro-
ecology and land use preference, technical design requirements, layout and construction 
procedures (whenever it is  necessary),  appropriate time period for implementing the technology, 
cost elements to be considered, management requirements, its benefit to the community and 
limitations if any. 

The main purpose of the toolkits is to guide field staff to follow correct and quality oriented technical 
standards in respect of local conditions of soils, slopes, vegetation, and rainfall patterns. The 
toolkits are action-oriented summaries of different measures and technologies commonly applied 
in various situations. They can be used within the context of ongoing projects and programs on 
natural resources and watershed development supported by governments and various development 
organizations.
Most of the toolkits also suggest various integration requirements and modifications to standard 
design necessary to accommodate various local conditions. In this regards, flexibility in design is 
essential to provide sufficient adaptability to local conditions within the quality standards proposed.
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The toolkits are developed to be as brief and descriptive as possible by including pictures and 
drawings which can elaborate the contents mentioned. In this regard they should not be seen as 
comprehensive and sufficient for all situations. They are simple guidance notes on major activities 
based on the previous experiences. Accordingly, additional technical references and materials 
(and expertise) should be consulted whenever necessary. The toolkits are organized based upon 
the works undertaken by various stakeholders and the experiences acquired from development 
partners. 

All the technologies which are mentioned in this guideline may not be equally applied in every 
situation. The techniques have to be selected and adapted considering the local contexts. 
Consequently, some technologies may be applied in some areas and conditions and not in others. 

Hence, the selection of intervention measures should be made based on the following criteria:

•	 Existing	potential	and	constraints	of	a	particular	area
•	 The	need	and	priority	of	the	community
•	 Simplicity	of	the	technology	for	further	scaling-up
•	 Availability	of	resources
•	 Existing	local/indigenous	knowledge
•	 Integration	requirements	to	address	all	sustainability	indicators	(environmental	management,	 
 livelihood, social safeguards, ecotourism, climate change mitigation, etc)

The format used for compiling the information of each technology is not in a definitive form 
and can be adapted and further modified and improved by users based upon local conditions 
provided that basic principles and standards are maintained and followed.

During the preparation of the toolkit it was assumed and agreed to have two pages summarized 
information for a technology which can be used by development practitioners during field work 
and training as quick references. With appropriate translation to local languages, the toolkit can 
be used by watershed committee members and the community at large.

For some technologies which have detail design steps (like drainage structures), it was not possible 
to exhaust everything within two pages. Hence, for interested readers annexes are given at the 
back of the field guide to serve for further reference.

Box 16: Prepare action plan for watershed planning

After a clear understanding of the planning steps, the most important task that should be 
accomplished before embarking into the planning process is preparing an overall action plan 
which can be used as guiding document throughout the watershed management planning 
steps. The action plan to be prepared includes all steps of planning, the core tasks to be 
accomplished in each step, indicators which show the accomplishment of each core task, 
time of implementation of each task and the responsible bodies who will take part in various 
stages of watershed plan preparation. The action plan can be a one page tabular format 
which will serve for planners to assess the progress of implementation and to monitor the 
planning tasks which are accomplished or pending. That means it can be a useful tool to see 
accomplishments of the planning process and design appropriate actions to be taken for tasks 
which need further improvement. In addition, it also shows how each stakeholder is handling 
the tasks under its responsibility and hence helps to take supportive actions. This particular 
action plan can be prepared using the table below.
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General:

An agricultural drainage system is a system by which the water level on or in the soil is controlled 
or regulated before the frequent water-logging occurs on the soil surface so that agriculture can 
benefit from the subsequently reduced water levels. The system can be made to ease the flow 
of water over the soil surface or through the underground, which leads to a distinction between 
‘surface	drainage	system’	and	‘subsurface	drainage	system’	 (including	 the	 tube	well	or	vertical	
drainage system).  Both types of systems need an internal and field drainage system which lowers 
the	water	level	in	the	field	and	an	external	or	‘main	drainage	system’,	which	transports	the	water	to	
the outlet. The main drainage water sources are surface water including rainfall runoff, irrigation 
water, and sub surface water source or ground water.  By applying various drainage systems, the 
water coming from the different sources will be removed or disposed-off safely before it creates 
water-logging and reduces agricultural benefits.  

Draining agricultural fields and removing the excess moisture has the following major benefits: 

•	 Controls	erosion	and	hence	reclaim	and	conserve	land	for	agriculture
•	 Controlled	removal	of	surface	water	(by	keeping	the	required	moisture	and	removing	the	 
 excess amount)
•	 Increases	crop	yields	and	vegetation	biomass	through	improving		the	health	of	soil	
•	 Reduces	the	cost	of	crop	production	in	otherwise	waterlogged	land
•	 Prevents	structural	damage	to	different	infrastructures	and	residences
•	 Provides	increased	aeration	in	the	root	zone
•	 Deepens	the	root	zone	in	drained	soil	and	etc.

In general terms, soil and water conservation structures can be designed either to retain or 
discharge runoff. They can also be designed so that part of the runoff is retained but the excess, 
during heavy storms, is discharged. In areas where there is a risk of water-logging at certain times 
because of the amount of rainfall, slope of the land and/or properties of the soil, it is usually 
necessary to design structures to discharge runoff. However, it is a mistake to design structures 
to discharge runoff if there is no suitable outlet such as a natural waterway, artificial waterway or 
grassed or forested areas around the vicinity. 

Discharging runoff onto a footpath, road or existing gully will simply aggravate the problems of 
erosion. On large-scale farms it is possible to set aside land for waterways. In densely settled 
areas this is much more difficult, hence it is compulsory to discuss and agree with the concerned 
community members. Other factors that must be considered in reaching a decision, besides the 
availability of a discharge area or waterway, include the soil type, soil depth, land slope, and the 
risk if any, of retaining water in situ. Soils in higher rainfall areas which are prone to water-logging 
(because they are shallow or because of the clay content), normally require structures that will 
drain water. 

As mentioned above there are surface and subsurface drainage systems which can be applied on a 
field to drain excess water/runoff. Some of the technologies particularly, the subsurface techniques 
are so expensive and difficult to be executed by farmers and other land users. Whereas, the 
surface drainage systems are relatively cheaper compared to the subsurface techniques, and the 
working procedures are not as such complex to be understood by communities. 

The purpose here is not to elaborate in detail and describe about all drainage systems mentioned; 
rather it is to concentrate more on surface drainage systems which are usually applied in sloppy 
and relatively flat lands that have soils with a low or medium infiltration capacity, or in lands 
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with high-intensity rainfalls that exceed the normal infiltration capacity. Properly managing and 
draining the excess runoff before it devastates the landscape is the joint responsibility of the land 
users, officials and experts. Implementing different surface drainage control structures like cutoff 
drains, waterways and graded bunds in all the areas where they are required is therefore should 
be taken seriously and applied at large scale. 

In	some	parts	of	Ethiopia,	where	there	is	high	rainfall,	commonly	called	‘highland	areas’	farmers	or	
land users have very much experienced about the risk of water-logging. To mitigate this problem, 
they have traditional practices of constructing structures which are meant to drain excess runoff. 
For this purpose, they commonly used to construct traditional drainage furrows above (“Tekebkeb”) 
and within their farmlands (Feses). There are some cases where these structures are found helpful 
in draining the excess runoff and protecting the farmlands. In most cases, the structures are 
developed into gullies with in very short period of time because of the high gradient level and 
improper design, layout and construction technique applied by the land owners. 

It is clear that currently a due focus is given by concerned professionals and farmers to introduce 
and adapt various improved drainage control structures like cutoff drains, waterways and graded 
bunds which serve to drain surplus runoff. But there is a huge skill and knowledge gap with experts, 
development agents and farmers about the application and proper installation of these structures. 

Box 18: To bridge the existing knowledge gap and to contribute towards enhancing the capacity 
of experts and professionals who will be involved in coaching land users and farmers, this 
guideline includes the technical details of the four major surface drainage structures: 

 Cutoff drain, 
 Waterway, 
 Graded bunds, and
 Broad Bed Maker (BBM) 
•	 The	aforementioned	drainage	management	technologies	are	described	in	the	subsequent	
  pages concisely.  
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1.  Name of the technology: Cutoff drain

2.  General description

A cutoff drain/ diversion ditch is a graded channel 
constructed to intercept and divert the surface runoff 
from higher ground/slopes and protect downstream 
cultivated land, village, agricultural infrastructures like 
irrigation headwork and active gully heads. Cutoff drain 
safely diverts the runoff to a natural or artificial waterway, 
river, or run on areas. 

In the drylands, cutoff drains may be used mainly for the 
following purpose:
•	Protect	cultivated	land	from	runoff	generated	
 from sparse forest land or degraded grazing  
    land, steep slopes, etc.
•	Divert	additional	water	to	cultivate	plots
•	Divert	 additional	 water	 to	 sediment	 storage	 
   dams and cropped areas 
•	Divert	 additional	 water	 into	 reservoirs	 for	 
 irrigation and/or domestic uses (including water  
   supply for livestock).

3.  Geographical extent of use

Cutoff drains are most suitable in areas where there is medium to high rainfall distribution. They can be also 
used in dry areas to protect cultivated lands and irrigation schemes, and divert runoff into run-on areas, for 
example reservoirs and farmlands. The location of a diversion ditch should be determined after checking the outlet 
conditions, topography, land use, soil type and length of slope. If it is intended to protect cropland against runoff 
from adjoining non-arable land, it should be constructed at the boundary between the two land uses where there 
is a slope change. Ditches in this situation are usually referred to as cutoff drains. When diverting water away from 
the head of a gully, the diversion ditch should be constructed far enough above the gully head so that stable slopes 
will still exist even if some slopping or sloughing of the gully head takes place.    

4.  Technical design steps/ requirements

The design of any structure to retain or discharge runoff should be 
based on a reasonable estimate of the volume of runoff (m3) to 
be retained or on the peak rate of runoff (m3/s) to be discharged 
respectively. Usually the design of graded structures like cutoff 
drains will be based on the heaviest storm that can be expected 
in a given period (10 years). Accordingly, in order to prepare a 
feasible design of a cutoff drain the following steps are required:
•	 Estimate	the	runoff	rate	of	the	upper	catchment	using	
    Rational or Cooks methods as described in the 
    annex one of this manual, 
•	 Select	maximum	allowable	velocities	which	can	fit	to	
    the soil and cover condition of the channel
•	 Decide	the	channel	gradient	which	will	not	bring	
     scouring and allow siltation
•	 Determine	permissible	depth	of	flow,	its	bottom	and	
     top widths
• Check if the dimensions given can accommodate the 
    discharge which is coming into the channel.
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6.  Period of implementation across season 7.  Planning and mobilization requirements

Cutoff drains are constructed preferably during the dry 
seasons and period not interfering with land preparation 
and when the conditions are good for stabilizing 
the structure. If possible, it is good to carry out the 
construction just before the small rainy season because 
it stimulates the growth of grasses and immediately 
stabilizes the channel’s embankments.

As the cutoff drain may cross several individual and 
communal ownerships, it is always important to discuss 
with community members and establish agreement. The 
community members need to be convinced to contribute 
labour and materials for the lay-out and construction 
process.

8.  Cost elements and work norm: 9.  Integration and management requirement:

The cost elements attached to cutoff drain construction 
are related to its precise layout, removal of grass from 
where it is going to be established, excavating soil, 
shaping and compaction of embankment, provision of 
scour checks and planting with grasses. The average 
work norm which is in use in Ethiopia is 0.7m3/pd

A cutoff drain should be linked with a waterway (natural/
artificial) for safely diverting of the runoff.
The cutoff drain requires a regular follow-up and 
supervision by communities and concerned experts for 
any maintenance and upgrading if damage happens by 
any case.  

10.  Benefits and acceptability: 11.  Limitation:

Now a-days, community members in many areas have 
understood the contribution of cutoff drains in managing 
runoff. Hence, the practice has high acceptability by 
land users. Consequently, the traditional runoff diversion 
measures that farmers have been used for years are 
improving in quality of design and construction.

If a cutoff drain breaks because of poor layout and 
construction, it will have a devastating effect to the 
downstream areas. Gullies may develop from it.

5.  Layout and construction procedures

•	 As	per	the	selected	channel	gradient,	lay	out	graded	line.	
•	 While	 making	 graded	 line,	 put	 pegs	 at	 interval	 of	 10	 m	 
					along	the	central	line	of	the	drainage	channel	(through	‘o’	in	 
     the graphics)
•	 Depending	 on	 the	 width	 of	 the	 channel,	 two	 rows	 of	 pegs	 
	 	 	 	should	be	erected	 following	 the	graded	contour	along	‘MN’	 
					and	‘PQ’
•	 The	distance	between	NO	and	OP	 is	equal	and	 it	gives	 the	 
     bottom width of the channel
•	 The	distance	between	MN	and	PQ	could	also	be	equal	if	the	 
    same side slope is chosen for both. But if the side slopes are  
     not the same then they are not equal.
•	 First	 start	digging	of	a	 rectangular	section	 (NRSP)	whose	 top	 
    width is equal to the bottom width of the channel to the level  
     of the designed depth 
•	 The	 excavated	 soil	 should	 be	 through	 downhill	 and	 form	 a	 
   well compacted embankment by leaving 15-30 cm berm  
     space to avoid the moving back of the soil. 
•	 Depending	on	the	side	slopes	used,	shape	the	sidewall	of	the	 
     channel. When the sidewalls are shaped in a straight inclined  
   line then you have a trapezoidal cross section shown as  
     MRSQ 
•	 After	completing	the	digging	of	the	channel,	depth,	width	and	 
  the gradient should be rechecked and corrected if any  
     problem is observed. 
•	 Reinforce	 properly	 around	 the	 outlet.	 A	 good	 grass	 cover	 
     should be established on the embankment to stabilize it.
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design of a cutoff drain the following steps are 
required: 
• Estimate the runoff rate of the upper catchment 

using Rational or Cooks methods as described 
in the annex one of this manual,  

• Select maximum allowable velocities which can 
fit to the soil and cover condition of the 
channel 

• Decide the channel gradient which will not 
bring scouring and allow siltation 

• Determine permissible depth of flow, its bottom 
and top widths 

• Check if the dimensions given can 
accommodate the discharge which is coming 
into the channel. 
 

 

5. Layout and construct ion procedures 

• As per the selected channel gradient, lay out graded line.  
• While making graded line, put pegs at interval of 10 m along 

the central line of the drainage channel (through ‘o’ in the 
graphics) 

• Depending on the width of the channel, two rows of pegs 
should be erected following the graded contour along ‘MN’ 
and ‘PQ’ 

• The distance between NO and OP is equal and it gives the 
bottom width of the channel 

• The distance between MN and PQ could also be equal if the 
same side slope is chosen for both. But if the side slopes are 
not the same then they are not equal. 

• First start digging of a rectangular section (NRSP) whose top 
width is equal to the bottom width of the channel to the level of 
the designed depth  

•  The excavated soil should be through downhill and form a well 
compacted embankment by leaving 15-30 cm berm space to 
avoid the moving back of the soil.  

• Depending on the side slopes used, shape the sidewall of the 
channel. When the sidewalls are shaped in a straight inclined 
line then you have a trapezoidal cross section shown as MRSQ  

• After completing the digging of the channel, depth, width and 
the gradient should be rechecked and corrected if any problem 
is observed.  

• Reinforce properly around the outlet. A good grass cover 
should be established on the embankment to stabilize it. 

 

 

 

6.  Period of implementat ion across season 7. Planning and mobil izat ion 
requirements 
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1. Name of the technology: Waterway

2.  General description

A waterway is a natural or artificial drainage channel 
along the steepest slope or in the valley used to discharge 
runoff. An artificial waterway is a drainage structure 
that can receive and dispose excess runoff from cutoff 
drains and graded terraces to the natural watercourse, 
percolation & water harvesting structures. Waterways 
are needed to conduct runoff safely from hill slopes to 
valley bottoms where it can join a stream or river. Where 
there is a natural depression or small valley that is well 
stabilized with vegetation this may be adequate to take 
the discharge from diversion ditches or graded terraces, 
but where there is no such natural waterway, an artificial 
waterway (drainage way) must be installed. In areas 
where stone is available the waterways will be paved to 
protect it from scouring. Whereas, a vegetative waterway 
can be constructed in areas without stones. 

3.  Geographical extent of use

Waterways are applicable in all agro-climatic conditions, particularly in moist areas and areas prone to water 
logging. They are constructed following depressions or natural waterways and farm boundaries. Traditional 
drainage ditches and waterways are common in many parts of Ethiopia. The use of grass vegetation in waterways 
is commonly practiced locally by farmers.

4.  Technical design steps/ requirements

There are many factors to be considered in designing 
vegetative or paved waterways:  
•	 Slope:	The	slope	of	a	waterway	is	normally	the	slope	of	the	
        land at right angles to the contour. Vegetative waterways are 
           recommended for slopes < 10% and stone paved waterways 
    can be implemented up to 20-25%.
•	 Shape:	Choose	parabolic	cross	section	for	types	of	waterways	
    as this tends to resemble natural waterway. 
•		Size:	The	waterway	must	have	sufficient	width	and	depth	
        to accommodate the expected runoff volume. Several small 
     waterways are preferred than one very large one, and the 
            waterways should be close enough to each other to avoid the 
    terraces being excessively long.
•	 Freeboard:	Waterway	designs	are	normally	based	on	the	peak	
                run-off expected in a ten-year return period, but to provide for 
               exceptional conditions, a safety margin (freeboard) is added 
          by  increasing the design depth by 25% for vegetative water
     ways and 10% for stone-paved waterways.
•	 Channel	roughness:	The	rougher	the	surface	over	which	water	
                   flows, the greater the resistance to flow. The velocity of water in 
         a channel can be reduced by making it wider and shallower 
 (i.e. lowering the hydraulic radius or by making the 
 surface rougher. One of the ways of making the 
 surface rougher is by planting grasses. A tall  
 grass will provide more resistance to flow than a 
  short one, although the resistance will be lowered if it is 
 pushed over and flattened during heavy run-off. 
 A rough stone surface will provide more resistance 
 than a smooth concrete surface. To dissipate the 
 energy of runoff in the channel, drop structures 
   which could be constructed from stone and wood can be
   installed a certain distance along the way.
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8.  Cost elements and work norm: 9.  Integration and management requirement:

The work norm for waterway construction includes the 
following elements:

•	 Precise	layout
•	 Removal	of	grasses	from	place	of	embankment
•	 Excavation	of	soil	and	preparing	channel
•	 Shaping	and	compaction	of	embankment
•	 Collection	and	transportation	of	stones
•	 Provision	of	scour	checks	and	drop	structures
•	 Planting	with	grass	and	other	vegetative	materials

The existing experiences in Ethiopia indicate that having the 
above work norm elements in mind, 1m3 vegetative water 
way requires 1pd (1m3/pd). Whereas, 0.75 m3 stone paved 
waterway demands 1pd (0.75m3/pd).

•	 Waterways	 need	 to	 be	 linked	 to	 graded	 bunds	 
       and cutoff drains. Sinkholes have to be constructed  
    within 4 - 6 m intervals along the channel of the  
     waterway
•	 Maintenance	 is	 important	 and	 the	 waterway	 
  should be inspected after every heavy storm,  
     especially during the first year while the vegetative  
     cover is being established. Any damage should be  
    repaired immediately. 
•	 Where	 the	 cutoff	 drains/waterways	 are	 either	 
   under designed or silted up they could be a  
     cause of severe erosion by an incoming flood as it  
  undermines them. Thus, this fact calls for the  
    proper design and maintenance of the channel.
•	 Similarly,	 stabilizing	 the	 embankments	 and	 
    planting the channel bed should be considered as  
    an important parameter to keep the stability of the  
    structure.
•	 Drainage	 management	 structures,	 particularly,	 
  waterways have to be integrated with water  
   harvesting schemes. The excess water which is  
  drained by drainage structures need to be  
      harvested in ponds and also allowed to percolate  
     into the groundwater table for recharging.

10.  Benefits and acceptability: 11.  Limitation:

In areas where cutoff drains, graded bunds and other 
traditional drainage ditches are constructed, the land 
users are safeguarded from excessive runoff and able to 
drain it safely. Community members are well aware of the 
advantage of constructing waterways. In most cases, they 
prepare drainage ditches even without expecting technical 
support from experts/professionals. 

•	 Failure	 to	 construct	 proper	 waterways	 to	 take	 
    run-off from roads has led to the formation of  
      many gullies on arable land. 
•	 Because	 of	 shortage	 of	 land,	 farmers	 used	 
    to construct deep and narrow waterways. Such  
     dimension may increase the force of the running  
   water and triggers scouring effect and hence  
      gully formation.

5.  Layout and construction procedures

The preliminary position of a waterway should be determined 
from a reconnaissance field survey. Where possible, the 
waterway should be located in a natural depression or 
drainage way. After the waterway has been staked out, 
construction can start from the lower end by excavating 
soil from the center and throwing it to each side to form 
the banks. As soon as digging is complete, the waterway 
should be lined by planting a suitable spreading grass, or 
with stone or a combination of grass and stone. The process 
of excavation may expose less fertile sub-soil and, if so, 
it is advisable to use manure and mulch to ensure quick 
establishment of the grass. When constructing waterways the 
embankments on both sides have to be compacted very well 
(upper figure). Sometime, waterways can be constructed in 
sloping lands where embankment is required on one side 
only (lower figure).

6. Period of implementation across season 7. Planning and mobilization requirements

Waterways are constructed only during the dry seasons. In 
order to assure their stabilization, they need to be constructed 
one or two seasons before the construction of cutoff drains. 
In area where there is an adequate stone for construction 
of water guide, channel pavement, scour checks and 
drops structures, both waterway and cutoff drains can be 
constructed in the same season.

The site where the waterway is to be constructed 
need to be discussed and agreed among community 
members. To have enough space for the waterway, 
land users may contribute some patches which 
require their consent and willingness.  The overall 
construction will be carried out with a shared labor 
from the community.
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8.  Cost elements and work norm: 9.  Integration and management requirement:

The work norm for waterway construction includes the 
following elements:

•	 Precise	layout
•	 Removal	of	grasses	from	place	of	embankment
•	 Excavation	of	soil	and	preparing	channel
•	 Shaping	and	compaction	of	embankment
•	 Collection	and	transportation	of	stones
•	 Provision	of	scour	checks	and	drop	structures
•	 Planting	with	grass	and	other	vegetative	materials

The existing experiences in Ethiopia indicate that having the 
above work norm elements in mind, 1m3 vegetative water 
way requires 1pd (1m3/pd). Whereas, 0.75 m3 stone paved 
waterway demands 1pd (0.75m3/pd).

•	 Waterways	 need	 to	 be	 linked	 to	 graded	 bunds	 
       and cutoff drains. Sinkholes have to be constructed  
    within 4 - 6 m intervals along the channel of the  
     waterway
•	 Maintenance	 is	 important	 and	 the	 waterway	 
  should be inspected after every heavy storm,  
     especially during the first year while the vegetative  
     cover is being established. Any damage should be  
    repaired immediately. 
•	 Where	 the	 cutoff	 drains/waterways	 are	 either	 
   under designed or silted up they could be a  
     cause of severe erosion by an incoming flood as it  
  undermines them. Thus, this fact calls for the  
    proper design and maintenance of the channel.
•	 Similarly,	 stabilizing	 the	 embankments	 and	 
    planting the channel bed should be considered as  
    an important parameter to keep the stability of the  
    structure.
•	 Drainage	 management	 structures,	 particularly,	 
  waterways have to be integrated with water  
   harvesting schemes. The excess water which is  
  drained by drainage structures need to be  
      harvested in ponds and also allowed to percolate  
     into the groundwater table for recharging.

10.  Benefits and acceptability: 11.  Limitation:

In areas where cutoff drains, graded bunds and other 
traditional drainage ditches are constructed, the land 
users are safeguarded from excessive runoff and able to 
drain it safely. Community members are well aware of the 
advantage of constructing waterways. In most cases, they 
prepare drainage ditches even without expecting technical 
support from experts/professionals. 

•	 Failure	 to	 construct	 proper	 waterways	 to	 take	 
    run-off from roads has led to the formation of  
      many gullies on arable land. 
•	 Because	 of	 shortage	 of	 land,	 farmers	 used	 
    to construct deep and narrow waterways. Such  
     dimension may increase the force of the running  
   water and triggers scouring effect and hence  
      gully formation.

5.  Layout and construction procedures

The preliminary position of a waterway should be determined 
from a reconnaissance field survey. Where possible, the 
waterway should be located in a natural depression or 
drainage way. After the waterway has been staked out, 
construction can start from the lower end by excavating 
soil from the center and throwing it to each side to form 
the banks. As soon as digging is complete, the waterway 
should be lined by planting a suitable spreading grass, or 
with stone or a combination of grass and stone. The process 
of excavation may expose less fertile sub-soil and, if so, 
it is advisable to use manure and mulch to ensure quick 
establishment of the grass. When constructing waterways the 
embankments on both sides have to be compacted very well 
(upper figure). Sometime, waterways can be constructed in 
sloping lands where embankment is required on one side 
only (lower figure).

6. Period of implementation across season 7. Planning and mobilization requirements

Waterways are constructed only during the dry seasons. In 
order to assure their stabilization, they need to be constructed 
one or two seasons before the construction of cutoff drains. 
In area where there is an adequate stone for construction 
of water guide, channel pavement, scour checks and 
drops structures, both waterway and cutoff drains can be 
constructed in the same season.

The site where the waterway is to be constructed 
need to be discussed and agreed among community 
members. To have enough space for the waterway, 
land users may contribute some patches which 
require their consent and willingness.  The overall 
construction will be carried out with a shared labor 
from the community.
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3.  Geographical extent of use

Graded bunds are suitable mostly for high rainfall and humid areas of wetter agro ecologies with the daily rainfall 
exceeds 75 mm and especially where runoff is excess and the soil is poorly drained or where heavy impermeable 
soils are existing. Like level fanya juu, graded fanya juu are also best constructed in uniform terrains with deep soils 
that do not have traverse slopes (depressions). Generally, graded bunds can be applied on cultivated lands with 
slopes above 3% and within sloping homestead areas combined with cash crops.

4.  Technical design steps/ requirements

•	 The	 artificial	 or	 natural	 waterway	 should	 be	 
     constructed one year before the graded bund.
•	 The	channel	is	graded	up	to	a	maximum	of	1%
•	 Height:	min.	60	cm	after	compaction.
•	 Base	width:	1-1.2	m	in	stable	soils	(1	horiz:	2	vertical)	 
     and 1.2-1.6 m in unstable soils (1: 1). 
•	 Top	width:	30	cm	(stable	soil)	-	50	cm	(unstable	soil).
•	 Channel:	 shape,	 depth	 and	 width	 vary	 with	 soil,	 
     climate and farming system.
•	 Channel	 cross	 section	 increases	 towards	 the	 end	 
     because of more water concentration 
•	 Ties	 (if	 appropriate):	 tie	 width	 with	 dimension	 as	 
   required, placed every 3-6 m interval along the  
      channel.

 

5.  Layout and construction procedures

 It is very important that graded bunds are properly  
     laid out and surveyed before the construction takes  
      place.
 Before making decisions to construct graded  
     terraces, care should be taken that there is proper  
      outlet.
 The laying out and construction of graded bunds  
      always starts from the outlet.
 The length of a graded bund should not exceed 200  
      meters, 
 Vertical intervals: follow a flexible and quality  
      oriented approach
•	 Slope	3-8%	VI	=	1-1.5	m
•	 Slope	8-15%	VI	=	1-2	m
•	 Slope	15-30%	VI	=	1.5-2.5	m
•	 Layout	 along	 the	 contours	 but	 with	 1%	gradient	 
    using line level
•	 It	 is	 important	 to	 make	 proper	 link	 and	 stone	 
  pitching of the area where bund meets the  
    waterway.

1.  Name of the technology: Graded Bunds (Graded Soil and Fanya Juu Bunds)

2.  General description

A graded bund is similar in description with level bund. 
Graded bund is an embankment or a structure made of 
soil and constructed being slightly graded sideways, with 
a gradient of 0.25% up to a maximum of 1% towards a 
waterway or a river. Graded bunds have to be combined 
with similarly graded drainage ditches (trenches), which 
will be located on the upper side in case of soil bunds, 
and on the lower side for Fanya juu bunds (“Through 
uphill” in Swahili language).  The purpose of having a 
gradient is for surplus runoff to be drained if the retention 
of the bund is not sufficient. Graded bunds retain normal 
amount of runoff in their basins, but they can drain 
excess runoff at a non erosive velocity.
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8.  Cost elements and work norm: 9.  Integration and management requirement:

•	 Precise	layout	along	contours	with	1%	gradient	using	
line level,
•	 Scratching	 or	 removal	 of	 grasses	 from	 where	
embankment is constructed for better merging & stability,
•	 Excavation	of	the	channel,	and	ties	along	channel	(if	
necessary),
•	 Embankment	 building,	 shaping	 and	 compaction	
(essential),
•	 Leveling	 and	 compacting	 the	 top	 of	 bund	 until	 the	
required stability is achieved.
•	 In	 general,	 to	 construct	 1	 km	 of	 graded	 fanyajuu	
bund, about 250 pd is required (250 pd/km). If it is a 
soil bund the norm will reduce to 150 pd/km. But, these 
are average values which need to be verified according 
to the specific local situations.

 Graded bunds may need to be upgraded and  
     regularly maintained, especially in the 1st year.  
   Every farmer (land owner) is responsible for  
   carrying out continuous maintenance on the  
      graded bunds of his/her own land. Bunds have  
    to be increased annually until graded bench  
       terrace is developed.

 Newly constructed soil bunds should be stabilized  
    with vegetative materials during the first rainy  
      season and protected from livestock. Generally,  
       a creeping type of vegetation is most suitable for  
     this purpose, but care has to be taken that it is  
      too prolific and interferes with farming activities. 

10.  Benefits and acceptability: 11.  Limitation:

Graded bunds are found beneficial for growing crops in 
areas where there is excess runoff and water logging. As 
a conservation structure, it maintains soil moisture and 
protects the soil from erosion. In many parts of Ethiopia, 
the technology is very well accepted by the land users 
and is becoming a common practice for soil and water 
resource management

•	 If	 the	 gradient	 of	 graded	 bund	 is	 high,	 there	 will	 
     be a danger for the channel/bund embankment  
   to be scoured. On the other hand, there will  
   be siltation on the channel and flow will be  
      blocked and hence overtopping occurs when the  
      channel gradient is below the minimum limit.
•	 It	 requires	 regular	 maintenance	 if	 not	 integrated	 
     with vegetation 

6. Period of implementation across season 7.  Planning and mobilization requirements

•	 Graded	bunds	should	be	constructed	during	the	dry	 
  season after land users/farmers completed  
    harvesting and before beginning the next field  
        preparation operations
•	 The	 construction	 of	 graded	 bunds	 has	 to	 be	 
        completed before the onset of the rain to give time  
        for the soil to be compacted and stabilized.

The layout, surveying and construction phases of soil 
bunds require proper planning of the available labor 
force and materials. The concerned professionals in 
collaboration with the land users have to prepare a 
clear action plan indicating the description of tasks to 
be accomplished, implementation period and required 
budget and logistic.
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8.  Cost elements and work norm: 9.  Integration and management requirement:

•	 Precise	layout	along	contours	with	1%	gradient	using	
line level,
•	 Scratching	 or	 removal	 of	 grasses	 from	 where	
embankment is constructed for better merging & stability,
•	 Excavation	of	the	channel,	and	ties	along	channel	(if	
necessary),
•	 Embankment	 building,	 shaping	 and	 compaction	
(essential),
•	 Leveling	 and	 compacting	 the	 top	 of	 bund	 until	 the	
required stability is achieved.
•	 In	 general,	 to	 construct	 1	 km	 of	 graded	 fanyajuu	
bund, about 250 pd is required (250 pd/km). If it is a 
soil bund the norm will reduce to 150 pd/km. But, these 
are average values which need to be verified according 
to the specific local situations.

 Graded bunds may need to be upgraded and  
     regularly maintained, especially in the 1st year.  
   Every farmer (land owner) is responsible for  
   carrying out continuous maintenance on the  
      graded bunds of his/her own land. Bunds have  
    to be increased annually until graded bench  
       terrace is developed.

 Newly constructed soil bunds should be stabilized  
    with vegetative materials during the first rainy  
      season and protected from livestock. Generally,  
       a creeping type of vegetation is most suitable for  
     this purpose, but care has to be taken that it is  
      too prolific and interferes with farming activities. 

10.  Benefits and acceptability: 11.  Limitation:

Graded bunds are found beneficial for growing crops in 
areas where there is excess runoff and water logging. As 
a conservation structure, it maintains soil moisture and 
protects the soil from erosion. In many parts of Ethiopia, 
the technology is very well accepted by the land users 
and is becoming a common practice for soil and water 
resource management

•	 If	 the	 gradient	 of	 graded	 bund	 is	 high,	 there	 will	 
     be a danger for the channel/bund embankment  
   to be scoured. On the other hand, there will  
   be siltation on the channel and flow will be  
      blocked and hence overtopping occurs when the  
      channel gradient is below the minimum limit.
•	 It	 requires	 regular	 maintenance	 if	 not	 integrated	 
     with vegetation 

6. Period of implementation across season 7.  Planning and mobilization requirements

•	 Graded	bunds	should	be	constructed	during	the	dry	 
  season after land users/farmers completed  
    harvesting and before beginning the next field  
        preparation operations
•	 The	 construction	 of	 graded	 bunds	 has	 to	 be	 
        completed before the onset of the rain to give time  
        for the soil to be compacted and stabilized.

The layout, surveying and construction phases of soil 
bunds require proper planning of the available labor 
force and materials. The concerned professionals in 
collaboration with the land users have to prepare a 
clear action plan indicating the description of tasks to 
be accomplished, implementation period and required 
budget and logistic.
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3.  Geographical extent of use 9.  Integration and management requirement:

Experience from different countries (India, Australia and Ethiopia), show that the proper knowledge and management 
of vertisols has resulted in increased yields. Hence the proper application of the BBM technology for vertisols is 
believed to increase productivity and food security levels within the farming community. The BBM became the 
center piece of a technology package that evolved to contain some key elements-namely a plough to improve  the 
effectiveness and efficiency of traditional drainage practices and resource conservation, improved (high yielding 
but less water tolerant) seeds, fertilizer, herbicides and pesticides, credit for the plough and/or inputs, and training 
on how to use the package. With this combination in mind, the BBM technology can be used for different soils and 
various agro-ecological zones.

4.  Layout and construction of raised beds

•	 There	are	various	prototypes	of	BBM	for	preparing	raised	
    beds. The one which is indicated on the picture (right, 
   top) is the I-Bar BBM which is used in Ethiopia and 
     proved working. 
•	 All	 raised	 bed	 construction	 must	 include	 appropriate	
   surface drains. The amount of extra water running from 
    raised beds is not trivial and there are responsibilities that 
    farmers must abide by with respect to the safe disposal of 
    excess water from their land.
•	 The	 layout	of	 raised	beds	and	their	associated	drains	 is	
     thus important for two reasons: the safe disposal of excess 
    water; and the operational efficiency of farming.
•	 The	prime	objective	of	constructing	raised	beds	is	to	drain	
    excess water from the root zones of crops and pastures. 
   Success requires that this be achieved with certainty to 
    remove the risk of production.
•	 One	 of	 the	 necessities	 to	 properly	 achieve	 the	 above	
  objective is to undertake elevation surveys. Precision 
   contour surveys are thus essential on low slope areas in 
  order to detect the dominant direction of slope. On 
    higher slope countries, that may not be needed because 
   the slope direction is much less likely to be altered by 
     minor elevation changes. 
•	 The	excess	water	to	be	drained	out	has	to	be	stored	for	
     later use by constructing a pond nearby. Hence combining 
   drainage management with water harvesting should get 
    the attention of farmers and practitioners.   

1.  Name of the technology: Broad Bed Maker (BBM) for vertisols management

2.  General description

Vertisols (heavy black clay soils) cover some 43 million 
hectares comprising 19% of total land area in sub-Saharan 
Africa. The importance of vertisols for agricultural development 
is unquestionable. However, most of the vertisols suffer from 
excess water and poor workability and are also underutilized, 
hence largely used for dry season grazing. Potentially, vertisols 
are productive soils but they are not easy to cultivate due to 
their poor internal drainage and resultant flooding and water 
logging during the wet season which contribute for lower crop 
yields.

To overcome these problems various technologies have been 
tried across the East African countries, particularly in Ethiopia. 
Among those technologies, the use of Broad Bed Maker (BBM) 
is a common practice very well-known by farmers. The BBM 
(Ethiopian case) is a type of plough that was developed from the 
traditional dual oxen-drawn plough, the Maresha, in order to 
more efficiently make raised seed beds and furrows at the time 
of seed covering-thus reducing waterlogging and encouraging 
early planting of improved crop varieties which could then be 
followed by a second crop in the same growing season (where 
it is possible). In Ethiopia, manually prepared broad beds have 
been used since the 16th Century. Currently, animal drawn 
and tractor mounted BBM technologies are being utilized to 
facilitate surface drainage and increase productivity of farm 
plots. 
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7.  Gully Rehabilitation Techniques
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7.  Gully Rehabilitation Techniques
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General: 

Gully erosion is the erosion process whereby water concentrates in narrow channels and over 
short periods removes the soil. Gully erosion produces channels larger than rills. As the volume 
of concentrated water increases and attains more velocity on slopes, it enlarges the rills into 
gullies. Gully can also originate from any depression such as cattle trails, footpaths, cart tracks, 
and traditional furrows and indicates neglect of land over long period of time. Gullies are more 
frequently found on bush and grasslands than on cultivated lands because rills on cultivated lands 
are removed by plowing and other recurrent cultivation measures. However, these rills continue to 
enlarge on grazing lands and forest areas. Nowadays, even in cultivated areas, the number and 
size of gullies are increasing due to several factors of which traditional ditches, which farmers are 
constructing, for draining excess water are the main ones. Gullies are mostly initiated during major 
storms. Once such gullies are formed, they tend to become further enlarged in subsequent years.

  
     

Figure 13: Gully erosion (land devastation) in Ethiopia (left) and Sudan (right)

It is difficult to achieve gully stabilization without a full understanding of the erosion processes 
or stages of gully development. Otherwise, it would be risky because expensive measures taken 
would be unnecessary or ineffective. Gullies are established by the deepening of rills and slumping 
of side slopes through the shearing effect of concentrated overland flow. Also, increase in pore-
water pressure, and decrease in soil strength along seepage line close to the streams and rivers, 
and slumping due to excessive formation of tunnel or pipe flow can contribute to gully occurrence. 
Once gullies are established, they form permanent locations for concentrating the overland flow. 
Consequently, progressive deepening and widening of the gully continues until the gully has 
adjusted to a new set of equilibrium conditions. 

After its initial incision, a gully usually extends backwards and sideways through the development 
of secondary gullies. Gully erosion is caused by head-ward advance, upstream migration of 
secondary nick points, widening of the gully channel by slumping and mass soil movement, and 
deepening by mobilizing or transporting sediments from the gully floor. Generally, a gully develops 
in three distinct stages; waterfall erosion; channel erosion along the gully bed; and landslide 
erosion on gully banks. Correct gully control measures must be determined according to these 
development stages.

As gully control can be an expensive undertaking, prevention is always better than cure. Gully 
formation is often a symptom of land misuse and can be prevented by good land husbandry. 
Planning of any infrastructural development should take into consideration the safe disposal of 
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the runoff water. In gully control, the following three methods must be applied in order of priority: 
(a) Improvement of gully catchments to reduce and regulate the run-off volume and peak rates; 
(b) Diversion of runoff water upstream of the gully area; 
(c) Stabilization of gullies by structural measures and accompanying re-vegetation. 

In some areas, the first and/or second methods may be sufficient to stabilize small or incipient 
gullies. In some other areas which receive large rains, all three methods may have to be used for 
successful gully control. Runoff control is the first, foremost and effective way of gully control. If 
runoff entering into a gully can be controlled, then it is possible to grow vegetation in the gully. 
Stabilization of gullies involves the use of appropriate structural and vegetative measures around 
the head, floor and sides of the gully. Once gullies have begun to form, however, they must 
be treated as soon as possible, to minimize further damage and restore stability. There are a 
multitude of physical and biological techniques which can be applied for effective gully treatment. 
The combination of the two measures (biophysical approach) is the best solution for effective gully 
control and for productive use of the gully area. The construction of gully physical structures will be 
followed by the establishment of biological measures. The natural regeneration which is coming 
after the gullies are protected and enclosed should also be considered in the overall rehabilitation 
scheme. 

To obtain satisfactory results from physical and biological measures, it is vital to understand the 
nature of the whole gully system/network and properly diagnosing of the different parts in the gully 
section: the gully bed, gully sidewall and gully offset. Overall, stabilized watershed slopes are the 
best assurance for the continued functioning of gully control structures. Therefore, attention must 
always be given to keeping the gully catchment well vegetated. If this fails, the biophysical gully 
control measures which are executed with huge investment will fail as well. The rest of this section 
is dedicated to basic gully treatment measures. Some of the most common physical and biological 
gully treatment measures which have been proven for their effectiveness are explained in the 
upcoming pages with elaborations using pictures and graphics for more in depth understanding.
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•	 Gully	wall	reshaping
•	 Loose	stone	check	dam
•	 Gabion	check-dam
•	 Arc-weir	Check-dam
•	 Brushwood	check-dam
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•	 Bamboo-mat	check-dam
•	 Sediment	storage	dam	(SSD),	
•	 Use	of	vegetation,	and
•	 River	bank-stabilization
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1.  Name of the technology: Gully wall reshaping

2.  General description

•	Gully	 wall	 reshaping	 is	 cutting	 off	 steep	 slopes	 of	 
   active gully flanks in to gentle slope (minimum at 45  
    degree slope), up to two-third of the total depth of the  
   gully and constructing small trenches along contours  
   for re-vegetating  slanted part of the gully walls and  
    beds. If the gully is wide and has meandering nature  
  with huge accumulation of runoff flowing down,  
    cutoff soils and soil materials can be washed away by  
  runoff water and requires constructing of retaining  
  walls, to protect displaced (not yet stabilized) soils  
    and soil materials and newly created sidewalls of the  
    reshaped gully. 
•	The	main	purposes	of	gully	wall	reshaping	are:
 Modification of  the landscape (slope) and reduce  
     severe erosion;
 Stabilization of gullies quickly especially if the  
   surface water is diverted and livestock are kept  
     out; and
 Help to use the reshaped gully area for plantations  
   and cultivation and makes the land productive,  
    i.e., it converts gullies into productive units when  
     combined with leveling and re-vegetation.

3.  Geographical extent of use

Gully wall reshaping is a suitable technology for all agro-climatic conditions. This measure is common in small and 
medium gullies. Traditional and recently introduced gully reshaping and re-vegetation efforts are found in different 
areas with promising results. Combined with other watershed rehabilitation efforts, this measure is highly suitable to 
reclaime gullies and to change them into productive use. Reshaping can be used for treatment of gullies of different 
dimensions which are cutting through various land uses, particularly cultivated land. In dry areas it need to be 
always combined with physical measures.

4.  Technical procedures to be followed

 Control and/or divert the  flow above the gully head
 Construct supporting check-dams and retaining walls, if  
       it is necessary
 Control the gully head and the side banks by cutting &  
       filling 
 The soil should be well compacted
 The filling operation should be done before the rains
 After reshaping, moisture harvesting structures can be  
       constructed to hold moisture and to make it suitable for  
       growing of trees 
 To protect it from erosion, close growing crops should  
       be planted or seeded immediately
 Protecting livestock interference and apply cut and carry  
       system.

5. Layout and construction procedures

 Make a contour line along the bottom of  the gully side  
     wall for constructing the retaining wall, 
 The reshaping of the steep gully sides should be done in  
     one to one proportion (1 horizontal:1 vertical minimum)  
    by cutting the soil at 45 degree and filling to make it  
      suitable for planting 
 Contour lines will also be prepared along the reshaped  
     gully sidewall and hence trenches, micro-basins, etc will  
     be constructed.
 The gully edges adjacent to the fields should be stabilized  
     with strong rooting trees and vegetation (Sisal, Acacias,  
      etc) to impede the widening of the gully 
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6.  Period of implementation across season 7.  Planning and mobilization requirements

 The reshaping and filling operation should be done  
     before the rains
 The entire work of shaping and filling should be done in  
     one operation

The reshaping and filling of gullies should be 
planned as part and parcel of the overall gully 
rehabilitation scheme of an area. Gully reshaping 
and filling requires buffering of some patches 
around. This situation should be discussed with 
community members or land owners and hence 
common understanding should be established. The 
excavation and soil moving tasks need to mobilize a 
significant labor and hand tools. 

8.  Cost elements and work norm: 9.  Integration and management requirement:

The work norm for gully sidewall reshaping is 1 m3/pd and 
includes excavation, soil moving and filling, shaping and 
compaction. In addition, to construct retaining wall 1 pd is 
required for 5 linear meters (5Lm/pd). 

 Exclude cattle throughout the year and introduce  
  the cut and carry system. Protection of the  
  reshaped area from livestock interference is  
     mandatory 
 Gully wall reshaping needs to be combined with  
    other physical measures (check-dams, retaining  
   wall and moisture harvesting structures) in dry  
     areas especially and it has to be integrated with  
      re-vegetations;
 Re-vegetation activity should consider plant  
      species that could bring immediate benefit to the  
     farmers and improve their livelihoods
 Leave a minimum of five meters buffer zone to  
     avoid livestock and human interference for better  
     and quick rehabilitation of a treated gully.
 The gully sides should be planted with both a  
  mixture of creeping and drought resistance  
     grasses, trees and shrubs.

10.  Benefits and acceptability: 11.   Limitation:

The technique is relatively cheaper compared to other gully 
rehabilitation measures. Once it is understood by farmers, it can 
be carried out by family labour and can be an ideal solution to 
reclaim small gullies before they are turned to be bigger. 

It is not easy to be successful by this method if applied 
in large gullies. Even in medium and small gullies, the 
reshaped area can be eroded by runoff coming from 
laterals (if not diverted or protected ahead). The use of 
this technique is limited in areas where there is shortage 
of rainfall.
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1.  Name of the technology: Loose stone check-dam

2.  General description

Loose stone check-dam is a 
structure made of relatively small 
rocks and placed across the gully 
or small stream, which reduces 
the velocity of runoff and prevents 
the deepening and widening of 
the gully. Sediments accumulated 
behind this check-dam could 
be planted with crops or trees/
shrubs, grasses and thus provide 
additional income to the farmer. 

3.  Geographical extent of use

Loose stone check-dams can be applied in any situation provided stones are available. It is commonly used to 
check gullies on highly eroded grazing and cultivated lands and hillsides. It is not suitable for large gullies without 
catchment treatment and other protection measures. Loose stone check-dams could be constructed in a wide range 
of conditions:

•	 In	small	gullies	serving	a	large	one;	
•	 As	stone	outlets	for	traditional	or	newly	constructed	bunds	or	terraces	which	are	unable	to	accommodate	
      all runoff; and as a silt trap before a water pond (water harvesting structure)

4.  Technical design steps/ requirements

•	 Bottom	key	and	foundation;	0.5	m	deep
•	 Side	key:	0.5	–	1	m	per	side
•	 Height:	1	–	1.5	m	excluding	the	foundation,	mostly	1	m	is	
      suffice to avoid failures
•	 Base	width:	1	m	–	3.	5	m
•	 Spill	way	(trapezoidal/parabolic):	0.25	–	0.5	m	permissible	
      depth and 0.25 m free board; and width of 0.5 – 1.2 m.
•	 Apron	length	should	be	at	least	1.5	times	of	the	effective	
       height of the check-dam and as wide as the gully bed.
•	 The	 apron	 should	 be	 placed	 in	 an	 excavation	 of	 about	
      0.3 – 0.5 m to ensure stability and prevent wash away. A 
     sill of about 15 cm should be constructed on the lower 
       end of the apron. 
•	 Proper	spacing	between	the	successive	dams	should	be	en
      sured                                    

5. Layout and construction procedures

•	 Identify	appropriate	location	in	the	gully	where	the	bed	slope	
     is < 5 %, soil depth > 50 cm and relatively wider locations 
   of the gully. Cross-sections of gullies where the reservoir 
     level requirement is not more than one meter is appropriate. 
     Avoid locations where the gully is meandering/turning 
•	 Collect	 stones	necessary	 for	 the	 construction	of	 the	 check	
     dam.
•	 Peg	and	tie	a	string	marking	base	width	on	the	floor	across	
     the gully bed
•	 Excavate	 the	 foundation	 and	 place	 stones	 such	 that	 they	
     interlock easily 
•	 Construct	 the	loose	stone	to	a	height	of	1m	excluding	the	
     foundation
•	 Construct	a	side	key	and	a	parabolic	spillway
•	 Construct	apron	on	the	downstream	side	of	the	check	dam	
    to protect the dam from undercutting and include a sill on 
     the lower end of the apron.
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6.  Period of implementation across season 7.  Planning and mobilization requirements

The appropriate construction time for loose stone check-
dam is during the dry season and period not interfering with 
land preparation. But, minor maintenance works can also 
be handled during rainy season. 

Planning for check-dam construction follows 
community/groups and individual owners’ 
discussions/agreement on layout, spacing and 
management requirements. The collection of stone 
and the whole construction process demands 
mobilizing of the available local labor. 

8.  Integration and management requirement: 9.  Cost elements and work norm:

•	 Loose	 stone	check-dams	 require	 regular	 follow-up	and	 
     some maintenance.
•	 Upgrading	or	rising	of	the	check-dam	may	be	required.
•	 Gully	protection/closure	is	 important	for	quick	recovery	 
     of vegetation.
•	 Check-dams	 are	 integrated	 with	 plantation,	 reshaping	 
     and stabilization of gully sides. 
•	 It	 is	 important	 to	plug	 the	scouring	places	with	 jut	bag	 
   after every runoff, until it is fully sedimented up to the  
     reservoir level
•	 Covering	the	upstream	wall	and	the	crest	with	bamboo- 
     mat stabilizes it.

The work norm involves:
•	 	Stone	collection	and	excavation	of	foundations/ 
      key and apron 
•	 Proper	 placement	 of	 check-dams	 and	 drop/ 
     apron structures. 
All the norm elements together require 0.5 m3/pd

 
Farmers discussing on construction arrangement

10.  Benefits and acceptability 11.   Limitation:

•	 Reduced	erosion	and	accumulated	soil	 sediments	used	 for	 
     re-vegetation
•	 Gullies	could	be	reclaimed	for	production	of	trees	(including	 
     fruits) and crops.
•	 Gullies	control	run-off	and	conserve	moisture	in	the	soil	that	 
     give rise for springs at downstream sites.
•	 In	Ethiopia,	large	tract	of	farmlands	and	grazing	areas	are	 
     reclaimed with the application of loose stone check-dams. 
•	 Because	of	 its	 low	cost	 (only	 local	 labor)	and	 relatively	 its	 
  simplicity during construction, most land users are  
     experienced with the measure.
•	 The	 size	and	 volume	of	work	 varies	as	per	 the	 size	of	 the	 
    gully and availability of stone nearby. Hence, farmers can  
    construct any size of a loose stone check-dam as per their  
     labor capacity and availability of stone material. Gradually,  
   the size of the check-dam can increase through regular  
     maintenance and upgrading. 

•	 Stone	check-dams	are	effective	to	plug	small	gullies	 
      and not very easy for large gullies.
•	 They	are	constructed	only	 in	places	where	 there	 is	 
      stone. 
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1.  Name of the technology: Gabion check-dam

2.  General description

Gabions are rectangular boxes of varying sizes and are 
mostly made of galvanized steel wire woven into mesh. 
The boxes are tied together with wire and then field 
with either stone or soil material and placed as building 
blocks. Gabions are filled in situ and as they are very 
heavy they will not be washed away provided they have 
been correctly installed. 

The main advantages of gabion check-dams are that 
they are tough and long lasting provided that the wire has 
been well galvanized. Furthermore they are somewhat 
flexible and can be installed where the surface is uneven. 
They can be used to stabilize gully sides, gully heads, 
roadside embankments, river banks and even landslips.

3.  Geographical extent of use

Gabion check-dams are suitable in all kinds of agro-ecologies where gullies are formed and extended. Gabions 
can be constructed with stone in area where stone is available. In areas where stones are not available it can also 
be made with soil/sand filled bags together with plantations. Installing gabions is not a substitute for land misuse 
and, if the land is denuded, installing gabions will not solve the problem unless vegetation cover restored. Gabion-
check dams are commonly used to check large gullies on highly eroded grazing and cultivated lands and hillsides 
combined with catchment treatment and protection. Gabion could be used in a wide range of conditions: to treat 
big gullies, to construct retaining walls on gully/river banks, to make fords for access roads and to strengthen 
irrigation structures.

4. Design considerations to build a gabion check-dam

•	 Gabion	 check-dams	 are	 built	 usually	 not	 higher	 than	 
     1.5 m spillway height in the first year. After sediments  
       have been deposited behind the structure, it is possible  
        to raise the spillway height by adding additional gabion  
        boxes. The foundation, apron, side key and spillway are  
   the important parameters to be considered during  
      designing of gabion check-dams. 
•	 The	selection	of	 the	proper	mix	of	 the	various	sizes	of	 
    gabion boxes is also another parameter to be seen  
      during design preparation.

•	 If	 stone	 is	not	available	 in	close	proximity,	 the	gabion	 
    boxes can be matted (covered) in the inner part with  
   plastic sheet and then filled with soil material. This  
      will serve the purpose of stone filled gabion check-dam  
      if properly constructed following design specifications.

No Gabion 
size (m3)

2.5 mm 
wire 
(kg)

3.5 mm 
wire 
(kg)

Tying 
wire (kg)

Share of 
each size 
during 
construction

1. 2 x 1 x 1 12.0 2.3 0.6 60

2. 2 x 1 x 0.5 8.5 1.7 0.5 20

3. 1 x 1 x 1 7.0 1.5 0.4 15

4. 1 x 1 x 0.5 3.4 0.9 0.3 5
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5. Layout and construction procedures

•	 The	foundation	depth	(key	trench)	should	not	be	less	than	 
       30 -50 cm 
•	 The	 foundation	width	 is	 1m	and	 the	 structure	 should	 be	 
   plugged one meter to each side of the gully wall / 
       abutment/ right up to the height of the dam. 
•	 Construct	apron	from	downstream	side	of	the	structure	with	 
       a foundation of 30cm from a dry stone, with a width of 1.5  
      times the reservoir level.
•	 The	spillway	should	be	adequate	to	allow	the	peak	flows,	 
      without overtopping the dam.
•	 Stones	 to	be	used	for	 filling	 the	gabions	should	be,	hard	 
      and of sufficient size and should be placed tightly together 
•	 Gabions	 should	 be	 constructed	 on	 spots	 where	 the	 soil	 
      depth is higher, preferably in a wider part of the gully next  
      after a series of loose stone check-dams
•	 It	is	neither	necessary	nor	economical	to	build	a	series	of	 
     gabion check-dams to control channel erosion along the  
      gully beds.
•	 Gabions	 need	 to	 be	 closed	 by	 using	 	 large	 spanners	 
      (closers) and have to be wired together
•	 If	there	is	more	than	one	layer	of	boxes	in	a	gabion	check	 
     dam, the ones in the upper layer must be laced to those  
       below. A strong inter-connection of all units is an important  
     feature of the technique. Therefore, it is essential that the  
       lacing is done correctly. 

6. Period of implementation across season 7. Planning and mobilization requirements
The construction of gabion check-dam is labor demanding.  
Therefore the construction time should fit to the slack periods 
of the farmers so that they can avail labor as required. The 
preparation of various sizes of gabion boxes, tie wire and 
closing equipments should be prepared in time in order to insure 
smooth implementation process during the actual work. There 
may be small maintenance works that could be undertaken 
during the rainy season. 

The collection of stone and the whole construction 
process demands mobilizing of the available local labor. 
As a result, the community members: those who have 
land around the gully and those who will be getting direct 
and indirect benefit from the rehabilitation work shall 
discuss together and agree on the labor contribution from 
everybody. To manage the rehabilitation work efficiently, 
a community action plan need to be prepared and 
communicated to all concerned.

8.  Cost elements and work norm 9.  Integration and management requirement

The work norm includes stone collection, foundations/key 
excavation and proper placement of gabion boxes, stones filling 
and construction of drop/apron structures. The placement of 
stones in the gabion box requires skill and experience. Hence 
the overall work norm is 0.25m3/pd. In terms of labor, gabion 
structure is expensive.

The gabion structures are stronger compared to other 
types of check-dams. But their effectiveness depends on 
the overall upper catchment treatment and integration of 
technologies in a gully. In this regard, planting the gully 
sections with appropriate species is vital for successful 
rehabilitation of a gully.

10.  Benefits and acceptability: 11.  Limitation:

The gabion check-dams are beneficial particularly for 
rehabilitating medium and large gullies. As such check-dams 
are going to be constructed in locations where there is a good 
pounding area upstream, patches of lands can be created on 
which economical crops and vegetation can be planted. The 
contribution of gabion-check-dams for water harvesting in a 
gully is also an important benefit to be considered.

•	 The	 major	 limitation	 of	 these	 types	 of	 check-dams	 
   is their high cost in relation to the gabion boxes  
      which cannot be afforded by small holder farmers. 
•	 On	the	other	side,	if	such	structures	are	destroyed	by	 
     runoff (running water in the gully) the damage could  
      be even worse than before treatment. 
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may be small maintenance works that could be undertaken 
during the rainy season. 

The collection of stone and the whole construction 
process demands mobilizing of the available local labor. 
As a result, the community members: those who have 
land around the gully and those who will be getting direct 
and indirect benefit from the rehabilitation work shall 
discuss together and agree on the labor contribution from 
everybody. To manage the rehabilitation work efficiently, 
a community action plan need to be prepared and 
communicated to all concerned.

8.  Cost elements and work norm 9.  Integration and management requirement

The work norm includes stone collection, foundations/key 
excavation and proper placement of gabion boxes, stones filling 
and construction of drop/apron structures. The placement of 
stones in the gabion box requires skill and experience. Hence 
the overall work norm is 0.25m3/pd. In terms of labor, gabion 
structure is expensive.

The gabion structures are stronger compared to other 
types of check-dams. But their effectiveness depends on 
the overall upper catchment treatment and integration of 
technologies in a gully. In this regard, planting the gully 
sections with appropriate species is vital for successful 
rehabilitation of a gully.

10.  Benefits and acceptability: 11.  Limitation:

The gabion check-dams are beneficial particularly for 
rehabilitating medium and large gullies. As such check-dams 
are going to be constructed in locations where there is a good 
pounding area upstream, patches of lands can be created on 
which economical crops and vegetation can be planted. The 
contribution of gabion-check-dams for water harvesting in a 
gully is also an important benefit to be considered.

•	 The	 major	 limitation	 of	 these	 types	 of	 check-dams	 
   is their high cost in relation to the gabion boxes  
      which cannot be afforded by small holder farmers. 
•	 On	the	other	side,	if	such	structures	are	destroyed	by	 
     runoff (running water in the gully) the damage could  
      be even worse than before treatment. 
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1.  Name of the technology: Arc-weir Check-dam

2.  General description

Arc-weir is a structure made up of stones connected 
with mortar of cement and sand (these structures 
are cemented walls in horseshoe shape). The main 
objective of this dam is to hold fine and coarse material 
carried by flowing water in the gully or torrent. It is a 
very rigged structure highly susceptible to damage as a 
result of piping. When properly constructed, it is highly 
resistant to greater water pressure. The structure is very 
susceptible to damage as a result of runoff coming with 
boulders. From technical and economic point of view it 
is not necessary to build masonry check-dams to control 
channel erosion in every gully. However, it is one of the 
options in gully control/reclamation. The technology is 
very ideal particularly in gullies where it is important to 
harvest water to use for further irrigation and domestic 
supply.

3.  Geographical extent of use

Arc weir check-dams are suitable for all locations where there is stone and sand in proximity to the construction site. 
Commonly, it is used to check large gullies on highly eroded grazing and cultivated lands and hillsides combined 
with catchment treatment and protection. Proper site selection for the construction of the dam i.e. constructing the 
dam in a narrow, deep, and steep place of gullies. The dams must not be constructed on points where there is mass 
movement of soil blocks. They should be built on a gully bed or torrent channel's stable points just below the sliding 
area to hold debris and material as well as to stop the movement of soil blocks. Nevertheless, in gullies which 
are relatively wider and having deep soil, either gabion or loose stone check dams will be appropriate in terms of 
overall efficiency;

4.  Design and construction specifications

•	 A	formwork	is	prepared	across	the	gully	bed	on	the	site	 
       where it is appropriate to construct arc-weir check-dam
•	 Foundation	 depth	 should	 not	 be	 less	 than	 50cm.	 It	 
   actually depends up on the compactness of the  
       underneath soil. 
•	 Excavation	for	plugging	in	to	the	sidewall	should	not	be	 
       less than 1m.
•	 The	shape	of	the	foundation	is	in	an	arc	concaved	to	the	 
       stream flow
•	 The	mortar	 ratio	 for	 the	 foundation	 is	1:4	 for	cement	 
         and sand respectively while it is 1:6 for the superstructure
•	 Plastering	 of	 the	 arc-weir,	 from	 the	 upstream	 is	 
       indispensable with mortar ratio of 1:3.
•	 Pointing	is	enough	for	the	downstream	face.	
•	 The	 width	 of	 the	 foundation	 is	 60-80	 cm	 and	 gets	 
       narrower towards the upper end. 
•	 The	apron	is	in	a	form	of	steps	at	a	height	and	width	of	 
       40 cm each. 
•	 The	number	of	steps	depends	up	on	the	reservoir	level.
•	 The	spillway	has	a	shape	of	an	arc
•	 Lining	from	upstream	side	is	important	to	avoid	piping.
•	 Plugging	of	leakage	after	the	very	first	runoff	up	until	it	 
       fills with sediment is essential.
•	 Wing	walls	should	be	built	behind	the	wings	of	the	dam	 
        to protect them against flash water. The angle between  
       the wing and wing wall is about 45 degrees. The wing  
       walls can be constructed out of dry masonry.
•	 The	upstream	face	of	 the	dam	is	vertical,	whereas	 it’s	 
       downstream face inclination is about 20 percent 
•	 The	stones	 to	be	used	 in	constructing	masonry	check- 
    dams must be hard enough to withstand abrasion,  
  non-disintegrating, and resistant to weathering.  
       Watering is necessary until it finishes its curing period.
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5.  Layout of Arc-weir check-dam 6.  Basic requirement to avoid failure:

Gully control can be tedious and expensive where executed 
measures do not seem to work. Actually, failure can be 
avoided if appropriate measures are taken and proper 
techniques are applied. From experience, the following 
problems can be taken as the major reasons for the failure 
of arc weir schemes:
•	 Loose	foundation	due	to	wrong	site	selection;
•	 Absence	of	proper	key	locking	to	the	wall	and	base	
•	 Below	 standards	of	 height,	width,	and	 length	of	 the	
       dam;
•	 Lack	 of	 apron:	 -	 If	 there	 is	 no	 apron,	 water	 falling	
     from the check dam spillway erodes the area below 
        and undermines the structure. If the apron is not keyed 
       or secured into the gully, it will be washed away;
•	 Structures	are	sometimes	made	too	high	and	the	water	
       which ponds causes instability and piping underneath 
       or around the structure;
•	 Failure	 to	 complete	 the	 work:	 -	 In	 some	 instances	
         the gully rehabilitation schemes may not be completed 
    because of various reasons. Half measures do not 
      offer the required protection and are a waste of time 
       and resources;
•	 Failure	to	water	the	arc-weir	structure	until	it	completes	
       its curing period
•	 Poor	regular	protection	and	maintenance.	The	life	and	
   effectiveness of control measures is extended by 
       regular maintenance.
•	 Constructing	 arcweir	 or	 other	 types	 of	 check-dams	
         with out upper catchement ttreatment will cuase a lose 
       of efforts and resources. 
•	 Poor	 integration	 between	 physical	 and	 biological	
       measures. 

7. Cost elements and work norm: 8. Planning and mobilization requirements:

The work norm includes stone collection, foundations/
key excavation and proper placement of gravel at the 
foundation, proper mix of sand and cement, stones and 
drop/apron structures. From experience, the work norm to 
be used for arc-weir check-dam construction is 0.5m3/pd. 

 The strength and contribution of arc-weir structures depend on 
the site selection for construction, integration with biological 
measures, and overall catchment treatment. Hence, proper 
planning with a full participation of community members is 
paramount important. 

9. Benefits and acceptability: 10.  Limitation:

Arc-weir check-dam has comparative advantages like;
•	 It	is	a	trong	structures	and	can	be	built	relatively	higher;
•	 It	is	good	for	building	on	the	bedrock	(no	excavation);	
    and efficient for water harvesting in a gully/stream
•	 It	 needs	 less	 stone	 compared	 to	a	gabion	 check-dam	
    with similar volume; and

Hence, it is acceptable by the local community as far as it 
is well combined with water harvesting and other income 
generating options. 

However, it has also some disadvantages:
•	 It	needs	cement	and	special	tools	for	masonry;
•	 It	needs	experienced	masons/builders;
•	 It	requires	regular	shapes	of	stones	(sometimes	difficult	
     to get in the highlands);
•	 The	structure	needs	watering	after	construction;	and
•	 Not	 suitable	 for	 large	 gullies	 without	 catchment	
     treatment and protection.
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1.  Name of the technology: Sandbag Check-dam 
2.  General description

Sandbag check-dams are temporary structures 
constructed by filling the sand in bags and piling them 
across large rills or small gullies up until the desired height 
levels. The bags are piled up usually to a maximum of 
3 – 4 layers to form a small check-dam. The bags used 
for the purpose are either used jute or polyethylene bags 
of 50 -100 kg.

3.  Geographical extent of use

Sandbag check-dams are suitable alternative technologies for every agro-ecology of many areas provided stones, 
wood and other materials are not available in the area to use other types of check-dams. It is commonly used 
to check large rills and small gullies on temporary basis. It is a very good technology for the gully head control. 
Nevertheless, it is not suitable for the treatment of large gullies.

4.  Technical design steps/ requirements

•	 Fill	bags	with	sand	up	until	a	little	space	left	after	tying	to	
     enable it to fully lay and touch the ground and/or the 
      other soil/sand filled bag with high surface area. 
•	 White	 clay	 or	 termite	 mound	 soils	 can	 also	 be	 used	
     instead of sand as they are also less erodible and can 
      stay intact in flood water.
•	 While	piling	up,	water	the	sacks	first	to	make	them	wet,	
      which in turn will help to avoid easy sliding of the sand 
       bags.
•	 Peg	and	tie	a	string	marking	base	width	of	1	-	3.5m	on	
      the floor across the gully bed 
•	 Pile	up	sand	filled	bags	to	a	height	of	1m
•	 Construct	a	side	key	of	0.5m	on	each	side	of	the	gully	
      wall
•	 Construct	 trapezoidal/parabolic	 shaped	 spillway	 with	
   appropriate permissible depth, width and add free 
      board. The different dimensions of the spillway depend 
      on the expected flow coming through the gully.
•	 Support	 piled	 up	 sandbag	 check-dams,	 on	 the	
     downstream side, with brushwood structure or wooden 
      poles to avoid easy dismantling of the sandbags.
•	 Wooden	 nails	 can	 also	 be	 used	 to	 have	 a	 good	
    connection of the sandbag with the gully floor and 
       sidewall.

   Arrangement 
of sand bags 
in a gully 
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5.  Period of implementation across season 6.  Planning and mobilization requirements

Sandbag check-dams have to be constructed towards the 
end of the dry season. Excessive dryness will cause the 
sandbag to be damaged and create openings in which the 
runoff will enter into the bag and washed the soil/sand in it. 
Hence, it is always important to adjust the time so that the 
rain starts soon and the check-dam is covered with sediment.

Sandbag check-dams are cheaper in terms of cost and 
the techniques to be applied are easy for the farmers 
to understand. But the sacks/plastic bags need to be 
purchased from the local market or they have to be 
supplied. Consequently, community members have to plan 
together and contribute for labor and cash. 

7. Integration and management requirement

•	 The	combination	of	 this	 technology	with	other	relatively	 
    stronger structures (for example, gabion check-dams) is  
  an important consideration to be made for better  
     efficiency and durability. 
•	 Sandbag	 check-dams	 can	 also	 be	 combined	 with	 
     brushwood check-dams of single-row or double row.
•	 As	 soon	 as	 an	 adequate	 degree	 of	 sedimentation	 has	 
    been deposited, appropriate biological measures should  
    be taken so as to strengthen, and eventually replace the  
     "sisal made sack", which would rot over time.
•	 As	a	result,	the	expansion,	deepening	and	elongation	of	 
   gullies will be reduced and gully beds and sidewalls  
     would be converted into productive areas. 
•	 It	is	necessary	to	enlarge	the	size	of	the	check	dam	width	 
    and minimize the height whenever the volume of water  
     that comes from upstream catchment is high.
•	 Regular	 visit	 and	 maintenance	 of	 these	 check-dams	 
   especially after heavy floods is very important at initial  
     period of construction. 
•	 The	reshaping	of	gully	banks	is	also	important	to	manage	 
     and maintain sandbag/plastic bag check dams.

 

8. Cost elements and work norm 9.  Limitation

The work norm includes proper placement of sandbag 
check-dams, soil filling inside the bag, compaction and 
tying. Taking all parameters together, 1 pd can cover on 
average 0.5 m3 per working day (05m3/pd).

Sandbag/plastic bag check dams are susceptible to runoff 
which carries boulders and they cannot be used in large and 
deep gullies
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3.  Geographical extent of use

The following issues should be considered when selecting the technology for a specific site in a gully:
•	 More	applicable	technology	for	the	highland	areas	where	there	is	enough	supply	of	bamboo	and	reed	grass;	
•	 There	is	no	agro-ecological	limitation	to	implement	the	technology.	The	prerequisites	are	only	the	availability	of	 
    materials, the nature of the gully and the characteristics of the upper catchment;
•	 The	technology	is	applied	in	all	land	use	types	(farmlands	and	grazing	lands)	where	only	smaller/medium	gullies	
exist; 
•	 Good	to	limit	the	application	of	this	measure	to	gullies	having	a	maximum	slope	range	of	up	to	20%	to	avoid	the	 
    frequent destruction and maintenance of the boxes by the runoff water;
•	 Well	suited	in	gullies	where	there	is	deep	soil	to	find	a	proper	foundation	to	install	the	boxes	properly;
•	 Good	option	in	areas	where	there	are	no	big	stones	or	boulders	coming	from	the	upper	catchment;
•	 Easily	adapted	by	any	 farmer/land	user	as	 there	 is	no	complexity	 in	 the	design	and	do	not	need	a	 special	
workmanship;
•	 Ideal	to	treat	gullies	in	private	lands	since	the	labor	demand	can	be	covered	by	family	members.

4. Layout and construction procedures

•	 Make	organic	gabion	box	out	of	locally	available	 
     materials such as using sticks/branches of bamboo,  
     reed, popular and willow. 
•	 Peg	and	tie	a	string	marking	base	width	of	not	less	than	 
    1m on the floor across the gully bed.
•	 Dig	and	remove	the	top	soil	to	lay	the	foundation	for				 
     the construction of bamboo mat check dam
•	 Place	“organic”	bamboo	boxes	across	gully	floors	and	 
     buttress downstream for stability.
•	 Then,	fill	the	boxes	with	sand,	soil	and/or	stone	 
     materials to a height of 1m excluding the foundation.
•	 Construction	should	start	at	the	upper	end	of	the	gully	 
     and continue down to reduce the risk of failure.
•	 Support	and	strengthen	boxes	with	wooden	poles/sticks	 
     pegged in on the lower and upper parts of the bamboo  
     mat  check dam 
•	 Construct	trapezoidal/parabolic	shaped	spillway	with	 
     appropriate dimensions of depth, width and freeboard.

5. Period of implementation across season 6.  Planning and mobilization requirements

Bamboo-mat check-dams have to be constructed towards 
the end of the dry season. Excessive dryness will cause the 
box to be damaged and hence the soil in the box will be 
washed away. To overcome such scenarios, it is always 
important to construct bamboo-mat check-dams so that 
there will not be long period until the rain starts.

Bamboo-mat check-dams are cheaper in terms of 
cost and the techniques to be applied are easy for the 
farmers to understand. But the bamboo/reed sticks 
need to be collected from community members/land 
users. Accordingly, community members have to plan 
together and contribute for labor and cash. 

1.  Name of the technology: Bamboo -Mat Check-dam

2.  General description

“Bamboo-Mat	 (‘organic	 gabion	 boxes’)	 check-dams	
are made from locally available bamboo and reed 
strips, which are woven and tied together to form cubic, 
permeable boxes to be filled with stone. The organic 
gabions are placed across gully floors, and buttressed 
downstream for stability. The characteristic of the 
specific location determines the height and the width of 
the organic gabion check-dam, and consequently the 
number and size of bamboo mats to be utilized for.

Once the bamboo mat check-dam is installed across 
a gully bed, the velocity of the run-off is reduced, and 
sedimentation creates a favorable environment for 
the establishment of permanent biological structures. 
Accordingly, appropriate vegetative structures are put in 
place so as to strengthen and finally replace the "organic" 
gabion/bamboo-mat that rots over time. 
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8.  Cost elements and work norm 9.  Limitation

The work norm includes foundations/key excavation and proper 
placement of organic gabion boxes, soil filling inside the boxes, 
compaction and tying. The average wok norm estimated for 
these check-dam types is 1m3/pd (1 person can execute 1m3 
per day).

The bamboo-mat can be easily destroyed by runoff coming 
with boulders. Because of excessive drying and thawing, the 
bamboo-mat can rot and the whole check-dam can collapse.  

7. Integration and management requirement:

•	 In	 areas	 where	 bamboo,	 reed	 and	 other	 materials	 are	 growing,	 
     bamboo-mat check-dam is a good option for gully treatment. It does  
    not need complex knowledge and skill. Therefore, farmers can use  
      their own local knowledge to implement this technology. 
•	 Bamboo	 mat	 check	 dams	 can	 provide	 long	 term	 benefits	 to	 the	 
    community if they are managed with care and timely repaired and  
  maintained. In this connection, an accepted and appropriate  
    mechanism should be in place in consultation with the beneficiary  
   communities before engaging directly on the construction of such  
   physical structures. Perhaps one of the possible arrangements for  
     maintenance could be to give responsibility for the respective owners  
      who have land on both sides of the gully in order to regularly maintain  
    and protect the structures from livestock trampling. If the area is a  
    communal land, arrangement could be done with local landless or  
     other community based organizations to provide such responsibilities.  
       Every year, just before the inception of the rainy season and immediately  
      after heavy rains, structures need to be checked and maintained.
•	 Thick	poplar	and	willow	stems	are	also	stuck	into	the	soil	filled	the	in	 
    organic boxes. This helps to quickly stabilize the soil in the organic  
    boxes due to rooting after two years, the latest. This is one of the  
      options in areas where there is no stone nearby the construction sites.
•	 The	 sediment	 deposited	 also	 creates	 a	 favorable	 medium	 for	 the	 
    establishment of vegetation cover. Apparently, the vegetation cover  
     permanently replaces the temporary bamboo check-dams or organic  
      gabion boxes that decompose over time.
•	 If	 bamboo-mat	 check-dams	 are	 constructed	 in	 suitable	 areas,	 and	 
      regularly manged and maintained, it could contribute for reclamation  
   of a gully and even for water harvesting in the gully bed. If the  
     objective is to harvest wter and hold moisture in the gully, the interior  
      part of the bamboo-mat can be covred plastic sheet.
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1.  Name of the technology: Sediment Storage Dam (SSD)
2.  General description

•	 Sediment/soil	 storage	 dams	 (SS	 dam)	 are	 water	
   harvesting and conservation systems  that  convert  
      unproductive,  large  and  active gullies into productive 
   areas (fertile cultivated  or fodder producing areas, 
     mixed plantations, and fruit tree orchards). 
•	 SS	 dams	 are	 stone-faced	 (soil	 filled)	 earth	 dams	
   constructed across medium/large size gullies to trap 
   sediments, collect water and divert excess runoff. SS 
    dams  accommodate  the  runoff  generated  by  the 
    catchment located above the gully. The structures are 
    often constructed in series along the gully. It is just like 
     creating a land that does not exist before treatment.
•	 Contribute	 significantly	 to	 protect	 cultivated	 lands,		
     arrest gully expansion and recharge water tables
•	 Particularly	 in	 low	 rainfall	 areas,	 it	 can	 be	 used	 to	
   change vast and long gullies to productive areas and 
    provide opportunities to carry out cultivation practices.

3.  Geographical extent of use

•	 SS	dams	are	applicable	in	highly	eroded	gully	areas	in	all	land	uses.	
•	 Not	suitable	for	large	gullies	without	catchment	treatment	and	protection.
•	 Very	important	for	production	of	cash	and	staple	crops,	introduction	of	fruit	trees,	vegetables	and	other	valuable	
      vegetation and biomass in gullies, etc.
•	 SS	dams	can	be	easily	 introduced	 in	dry-land	areas,	particularly	where	 local	 structures	are	damaged	by	excess	
      runoff

4.  Technical design steps/ requirements

Site selection:
•	 Inside	 gullies	 and	 natural	 depressions	 that	 you	 wish	 to	
     convert into productive fields.
•	 Below	catchments	with	less	than	40	ha	maximum,	because	
     of the increased costs for larger structures.
•	 The	site	should	allow	the	maximum	formation	of	a	cropped	
     field area (wide portions of a given gully are preferred to 
     narrow and deep portions).
•	 One	side	of	the	gully	needs	to	have	suitable	hard	structure	
     to put the spillway (stony areas, very hard pans, etc).
•	 When	suitable	soil	conditions	do	not	exist,	reinforcement	of	
     spillway is required (riprap and drop structures).
•	 Select	 appropriate	 site	 in	 a	 gully	 where	 SS	 dam	 can	 be	
     constructed
•	 With	 a	 meter	 tape	 and	 a	 graduated	 long	 pole	 (5-7	 m)	
     measure the base width and length, height and top width 
    and length of the structure. Select the best placement of 
     the spillway. 
•	 Determine	the	dimensions	and	volume	of	the	structure:	they	
     are selected based on the area of the catchment, the width 
     of the gully and its depth. 
•	 Use	 the	 following	 criteria	 to	 approximately	 estimate	 the	
  dimensions of the SS dam (simplified for trapezoidal 
     design).

	 Height	=	H,
	 Base	width	=	BW,	
	 Top	width	=	TW,	
	 Top	length	=	TL,	
	 Bottom	length	=	BL

  
•H < 2m H:BW is 1:2-2,5 TW =1,5m
•H= 2-3,5m H:BW is 1:2,5-3 TW=1,5m
•H=3,5m H:BW is 1:3 TW =3m
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5.  Construction procedures

•	 Scrape	 and	 remove	 grass	 and	 vegetation	 from	 the	 whole	
    bottom width and sides of the gully where the dam is to be 
      constructed.
•	 Proceed	 with	 construction	 of	 the	 key	 &	 foundation	 of	 the	
    downstream wall (called riser or lower retention wall) in front 
     of the structure.
•	 Make	 this	key	&	 foundation	60-90cm	deep	and	start	 filling	 it	
     with large stones. 
•	 Erect	retention	walls	with	care	following	the	correct	H:BW	ratio:
•	 Use	 a	 rope	 and	 a	water	 level	 placed	 across	 the	 entire	 gully	
      to adjust the position of the stones of the retention wall (straight 
      level).
•	 The	 retention	 walls	 are	 then	 carefully	 constructed	 as	
      ladder-shaped.
•	 Fill	 space	 between	 stone	 lines	 with	 soil	 and	 compact.	 Soil	
    is taken from reshaping the gully or (if not suitable) nearby 
      suitable site and spillway canal. 
•	 Compaction	 should	 be	 carefully	 done	by	 repeated	passes	 of	
  oxen over the piled layers of soil (use oxen pulled 
 compactors-rollers or manual compactorssuch as 
      buckets filled with heavy soil & stones, wood beams, etc.).

6.  Spillway design and construction for an SS dam

•	 Start	digging	the	spillway	at	the	desired	height	
•	 See	 total	 height	 of	 the	 structure	 and	 deduct	 the	 total	 depth	
  of the spillway (maximum permissible depth of the flow (d) 
     + free board).
•	 Length	of	spillway	is	equivalent	to	base	width	of	dam	or	more,
•	 Slope	 of	 the	 spillway	 is	 0.4-0.8%	 and	 outlet	 with	 drop	 structure	
     and apron if necessary.
•	 Construct	the	spillway	at	the	appropriate	side	(hard	materials)	of	the	
     gully.
•	 If	both	sides	are	of	hard	materials,	construct	the	spillway	at	the	side	
     which is facing the direction of the water flow.
•	 The	 size	 of	 the	 spillway	 is	 determined	 by	 the	 catchment	 area	
     and runoff estimations.
•	 The	side	of	the	spillway	looking	towards	the	dam	should	be	stone	
      faced, reinforced and its shape is trapezoidal.
•	 The	dimensions	of	the	spillway	have	been	computed	based	on	“safe	
     standards” and are presented as can be seen in the table below

Aerial view of SS dam and spillway
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7. Benefits and acceptability: 8. Integration and management requirement:

SS dams can create cultivable lands with good soil moisture 
and nutrients. It is important to encourage farmers to use 
these lands appropriately. Introducing high value crops along 
with SS dams to needy farmers should be taken seriously – as 
SS dams can become a “food insurance”. 

SS dams provide opportunities for income generation 
to small land holders and landless. It is a drought proof 
activity - even when rainfall is low SS dams collect sufficient 
moisture. It also promotes fertility management (compost 
preparation, etc) and contributes to watershed protection, 
raise water table, etc. Generally, farmers in many areas have 
understood the advantage of constructing SS dams. As a 
result, land users in many parts of Ethiopia are constructing 
SS-dams by combining their labour and local resources.
 

Construction of SS dams should be taken as part of a 
sub-watershed treatment. Then  construction  shall come 
simultaneously  or  preferably  after  closure  and  treatment  
of  fragile/unstable parts of the catchment with various soil 
and water conservation measures. 

Smaller gullies feeding into the main one where SS dams 
are placed should be also treated with check-dams. This 
activity is integrated with re-vegetation of gully sides after 
sedimentation is completed. Application of compost in the 
sediment deposition area shall be considered.

9. Cost elements and work norm: 10. Limitation:

The  work  norm elements  for    SS  dam construction include:
•	 Site	clearing
•	 Excavation	for	the	super	structure	and	the	spillway
•	 Embankement/dam	building	with	stone	and/or	soil
•	 Drop	structures	and	spillway	construction

Generally, 0.5m3/pd is required for the proper construction 
of a sediment storage dam (SS-dam).

•	 The	 technology	 requires	 a	 huge	 labor	 and	 is	 very	 
      difficult to be covered by a family labor.
•	 Needs	maintenance	and	if	destruction	happens	because	 
      of poor follow-up the damage could be very expensive.
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4.  Technical considerations

•	 Identification	of	the	specific	characters	of	different	parts	
   of the gully which is supposed to be treated with 
      biological measures is crucially important.
•	 Conservationists	 and	 farmers	 should	 properly	 assess	
       the soil and moisture conditions in the gully head, gully 
    floor/bed, gully sidewall and gully offset/gully buffer 
      zone. 
•	 Practically	speaking,	these	different	locations	of	a	gully	
    do have different soil and hydrological characteristics 
     which determines the type of species of grass, shrubs/
      bushes and trees to be planted. 
•	 The	 type	 of	 planting	 material	 to	 be	 used	 should	 be	
     seriously considered based on the specific situation of 
      the gully. 
•	 Once	the	characters	are	identified	seedlings	which	are	
      appropriate to be planted in that particular site should 
      be produced at enough amount ahead of the planting 
      time. 
•	 Inclusion	 of	 indigenous	 species	 that	 performs	 well	 in	
    the identified characteristics of the gully parts is very 
      much important.
•	 Any	part	of	the	gully	treated	with	biological	measures	
    should comprise of three component; grass, legume 
      shrubs and trees in a form of story.
•	 	If	possible,	it	is	advisable	to	establish	nurseries	nearby/	
      inside the area to be treated. 

Different parts of a gully

1.  Name of the technology: Use of vegetation (biological conservation) for gully control
2.  General description

The use of vegetative material in gully control offers an 
inexpensive and permanent protection. Vegetation will 
protect the gully floor and banks from scouring. Grasses 
on the gully floor slows down the velocity of the runoff 
and causes deposition of silt. It can also be of economic 
value to the land users. Vegetation can be established in a 
gully by natural recovery or by use of planting materials.  A 
gully will re-vegetate naturally if the water causing erosion 
is conserved or diverted before it reaches the gully and if 
livestock are kept away. Costs are minimal but recovery 
will be slow if the soil is poor. Furthermore, if the gully 
sides are steep, vegetation may not establish itself. Where 
establishment of natural vegetation is too slow to cope 
with the erosion or where a particular species is desired, 
planting should be done. The establishment of vegetation 
either naturally or artificially has to contend with a hostile 
environment. 

3.  Geographical extent of use

The survival rate of plantation in the gully area is directly related to the availability of moisture during peak dry seasons 
and amount of water flow in the different sections of the gully during the peak rainy seasons. The choices of species as 
per the different situation in the gully are also parameters which determine its successful rehabilitation. If these factors 
are considered or can be controlled, biological measures can be applied any where as far as planting space, soil 
and moisture are available. Vegetative control can be executed everywhere in the world with a due focus of selecting 
appropriate tree, grass and shrub/bush species which can be compatible to the planting location prepared.
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6. Environmental benefits of vegetative gully control 7. Economic Benefits of vegetative gully control  
      techniques

•	 Provides	 plant	 cover	 for	 the	 land	 and	 prevent	 direct	 
     impact of raindrops (splash erosion);
•	 Increases	 soil	 roughness,	 which	 further	 reduces	 the	 
     velocity of surface runoff and their by the soil erosion;
•	 Reduces	surface	runoff,	which	facilitates	infiltration	rates	 
     and enhance in- situ water conservation;
•	 Better	helps	deposition	of	silt	by	reducing	and	protecting	 
     the soil particles from being washed away;
•	 Prevents	soil	erosion	and	 thereby	enhance	effectiveness	 
     of physical control measures when it is applied properly;
•	 Increases	soil	organic	matter	and	 thereby	 improves	soil	 
     properties and soil fertility levels,
•	 Provides	 protection	 against	 scouring	 and	 minimizes	 
     expansion of the gully due to further erosion risk; and
•	 Helps	to	retain	water/subsurface	reservoirs	and	increases	 
     the soil recharging capacity or contributes to general soil  
     moisture in the vicinity in a sustainable manner,
•	 Reduce	pollution,	contribute	 for	clean	environment	and	 
     serve for biodiversity/ecosystem reservation.

•	 On	 top	of	 the	 soil	and	water	conservation,	biological	 
        gully conservation provides valuable by-products for the  
       livelihood of the farmer. 
•	 Production	 of	 planting	 material	 for	 fruits,	 vegetables,	 
        fibers, medicinal plants, consumable goods, and others; 
•	 Source	of	forage/fodder,	fuel	wood/small	poles,	organic	 
       fertilizer etc;
•	 Income	generations	 from	the	sale	of	various	biomass,	 
       vegetables, fruits, planting materials, etc;
•	 Suitable	for	apiculture	and	other	livelihood	options;	and	
•	 Serve	as	a	 research	and	ecotourism/recreational	 site/ 
      place, etc.

8. Cost elements and work norm 9.  Integration and management 

The cost of vegetative gully control measure is related to 
transporting of seedlings/seeds, preparation of planting pits, 
actual planting and sowing of seeds.

Experience in Ethiopia show that to cover 1 ha of gully area, 
about 500 pd is required (500 pd/ha). 

In the location of a gully where the force of runoff is high, it is 
important to install physical structures. Gully reshaping and 
strengthening sidewalls with retaining wall is also important 
to be considered. The necessary tending operations should 
also be done regularly. Protecting the gully from free grazing 
and practicing cut and carry system are important conditions 
for maintaining the overall health of the gully under 
rehabilitation.

5.  Characterizing the different parts of a gully for biological conservation

Gully head Gully offset Gully sidewall Gully bed

•	 It	is	the	upper	part	of	the	 
    gully (in topo-sequence)
•	 It	is	the	location	through	 
   which most of the runoff  
    enters to the gully
•	 Very	much	active	for				 
    gully formation and  
    expansion
•	 Paving	with	loss	stone,	 
    diverting water using  
    cutoff drains and  
    reshaping can be  
    applied to control. 
•	 Combination	with	 
    biological measures 
    will also help
•	 Creeping	plant	species	 
    can be used for 
reinforcing the head.

•	 It	is	located	away	from	
the gully embankment and 
extended to the next land 
use type
•	 These	areas	are	
characterized by medium 
soil depth, moderately wet 
in the rainy season and 
dry in the dry season, and 
with moderate slope
•	 Micro	basin	
construction, trench 
and sub soiling are 
recommended for better 
performances of crops 
planted in the area
•	 Thus	the	plant	species	
recommended for the 
treatment of this area 
are those with moderate 
tolerance to dryness and 
wetness.

•	 It	is	a	part	of	the	gully	
between the gully offset and 
gully bed
•	 It	is	characterized	by	high	
slope gradient, shallow soil 
depth, susceptible to erosion 
and mass movement, very 
dry in most of the time 
due to less water holding 
capacity.
•	 Reshaping	and	hence	
constructing moisture 
harvesting structures are the 
recommended measures to 
treat this gully part
•	 Biological	measures	
can play a pivotal role in 
rehabilitating this section of 
the gully
•	 The	species	to	be	selected	
should have invading 
characteristics, with light 
foliage and steam biomass 
and high tolerance to 
drought.

•	 It	is	a	part	of	the	gully	on	
top of which the run off flows
•	 It	can	be	treated	with	
physical measures like arc 
weir, loose stone, and gabion, 
brushwood and sandbag 
check-dams. 
•	 It	is	regarded	as	very	wet	
in most of the year, with deep 
alluvial soil
•	 The	biological	material	
recommended for this part of 
the gully should be tolerant 
to water logging, with high 
root biomass, resistant to soil 
sedimentation and high flow of 
water.
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3. Geographical extent of use

The phenomena is occurring everywhere if no watershed management actions or more specifically, erosion control measures 
are not taken properly in time. The extent of the problem is more severe in downstream areas and fragile environments. 
Hence, integrated river-bank stabilization techniques need to be applied with due attention from all concerned.

4.  Stabilization techniques

If stream-bank or shoreline is severely eroded, it is important to stabilize the soil to promote plant growth. There are three 
general approaches to be considered for steam-bank stabilization: Live planting, bioengineering, and hard armoring. The 
best technique will depend on the existing situation—the size and location of the stream or shoreline, and the cause and 
severity of the erosion. In many cases, the best approach is to use a combination of techniques. Before attempting any 
stream-bank stabilization activity, one needs to discuss with the surrounding community and need to get permits from the 
concerned bodies.

5. Live planting

River-banks can be stabilized or prevented from erosion problems by 
planting appropriate types of vegetation, then allowing nature to heal 
itself. Costs of this approach are relatively low, and communities can 
implement this approach on their own. A small investment of time and 
money can prevent a serious erosion problem that in the future could 
be very expensive to correct.

Trees, shrubs and grasses can be used to stabilize the stream-banks. 
This technique may require protection from flowing water (using stakes 
and erosion control matting) during root establishment. Side-bank 
reshaping through removal of soil to reduce the slope of the steep 
banks to a more stable angle is important to be integrated where it is 
applicable. In addition, the selection of planting materials which can 
be adapted to the existing situation is important to be considered.

1.  Name of the technology: River-Bank stabilization
2.  General description

Stream /river erosion is the scouring of soil material from 
the stream/river bed and cutting of the stream/river-banks 
by the force of running water. River-bank erosion is often 
increased by the removal of vegetation, overgrazing and/
or tillage near the banks. Scouring is influenced by the 
velocity and direction of the flow, depth and width of the 
stream, soil texture and alignment of the stream. Rivers and 
streams often meander and change their course by cutting 
one side and depositing sand and silt loads on the other. 
The damage manifolds during flush floods. 

In terms of the area affected, stream-bank erosion is a 
small problem, but its significance increases when other 
factors are considered. Land subject to surface erosion is 
only partly damaged, but land lost by river-bank erosion 
is completely and irretrievably lost, and what is more, the 
bottom lands of valley floors are nearly always valuable and 
highly productive. River-bank erosion may also threatened 
roads and bridges with much more serious economic 
consequences than the value of the lost land. Considered 
as a source of sediment polluting the stream, river-bank 
erosion is important because all the soil goes directly into 
the stream with no possibility of any of it being trapped or 
filtered out. 
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6. Bioengineering techniques

Bioengineering technique relies on a combination of structural 
components and plant material to produce a dense stand of 
vegetation that serves as a “living system” to protect stream-banks 
and shorelines. This technique works to stabilize many, but not all, 
erosion problems. One challenge in bioengineering is protecting 
the bank from erosion until the vegetation becomes established. 
This could take one to two years. There are a number of structural 
components available to provide temporary protection while the plant 
growth becomes established:

Vegetated geo-grids: These are alternating live branch cuttings and 
compacted soil layers wrapped in geo-textile fabric to rebuild and 
vegetate eroded banks.
Brush mattress: Live branch cuttings covering entire stream bank and 
secured in place.
Tree revetments: Row of cut trees (usually vegetative propagating 
types) anchored to the toe of the bank.
Fiber roll: Flexible “logs” made from coconut hull fibers, staked at 
the toe of the bank. It is used in conjunction with native plants to trap 
sediment and encourage plant growth. 

7. Hard Armoring

•	 Hard	 armoring	 includes	 a	 variety	 of	 techniques	 including	 rock	 
   riprap (large stones placed along the slope of a stream-bank  
     or shoreline) and gabions (rock-filled wire baskets placed along a  
     stream-bank or shoreline).
•	 Hard	 armoring	 typically	 involves	 grading	 the	 bank	 to	 a	 gentler	 
  slope. If done properly, these techniques provide very good  
     protection and will work in severe situations where bioengineering  
   will not. However, hard armoring techniques can be relatively   
     expensive, and may require professional assistance. 
•	 These	techniques	are	often	used	in	situations	where	less	expensive,	 
  more environmentally friendly and aesthetically pleasing  
     alternatives would have been successful.
•	 The	technique	requires	good	design	and	construction.
•	 In	some	conditions	it	can	reduce	or	eliminate	the	need	for	bank	 
     sloping by creating vertical wall.

8. Integration requirement and management

As described above, there are several techniques to be applied in order to stabilize river-banks. Each of the techniques need 
knowledge and experience and requires investments in terms of time and resources. There is no absolute technology which 
can be applied as a remedy to control stream-bank erosion. Rather, all possible technologies need to be implemented in an 
integrated manner. The rehabilitation of the upper catchment is also an important parameter to be considered which will have 
a significant influence in reducing the possible disaster. Once, the river-banks are well established, there should be regular 
monitoring and continuous maintenance by the surrounding communities and the concerned professional and administrative 
bodies. 
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8.  Physical Soil and Water Conservation Measures
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General: 

Soil conservation can be defined as the proper utilization of the soil resource so as to make 
possible a high level and sustained production. Soil conservation is to obtain the maximum 
sustained level of production by maintaining soil loss below a threshold level i.e., the natural rate 
of soil formation. Different practices have been developed to accomplish soil conservation work, 
though not all of them are applicable in all regions. Yet, the principles on which the practices are 
based are the same everywhere; these principles are:

– Reduce raindrop impact on the soil
– Reduce runoff volume and velocity
– Reduce wind velocity and
– Increase the soil resistance to erosion

Physical or mechanical conservation measures: are those practices, which call for the construction 
of some kinds of earthwork. Physical soil and water conservation measures are also known as 
structural or engineering measures. They are usually needed to dispose-off surplus storm water 
(runoff) safely and/or to assist infiltration of soil. Physical conservation measures are not ends in 
themselves; they are only aids to proper land use and biological conservation measures. Physical 
or mechanical protection works are expensive, time consuming and dangerous at times of failure. 
Thus, they should be considered only where other conservation practices couldn't provide adequate 
control.

The main purposes / functions of physical soil and water conservation are:
a) To safely evacuate excess water/runoff 
b) To modify landscape (slope)
c) To conserve moisture
d) To ease cultivation operation
e) To reduce erosion

For designing of physical SWC measures the following parameters are important:
•	 Peak	discharge	in	cubic	meter	per	second
•	 Maximum	permissible	flow	velocity	in	meter	per	second
•	 Dimension	of	structures	(i.e.	width,	depth,	freeboard,	cross-sectional	area)
•	 Channel	gradient,	channel	lining,	shape,	length
•	 Spacing	(vertical	interval	and	horizontal	interval)

The physical soil and water conservation measures presented as toolkits are:   

1. Level Soil Bund
2. Level FanyaJuu
3. Stone Bund
4. Stone Faced Soil Bund
5. Hillside Terracing
6. Bench Terracing
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1.  Name of the technology: Level soil bunds

2.  General description:

They are impermeable structures constructed along the contour 
and across the slope to retain soil and moisture. The bund 
reduces and stops the velocity of runoff and consequently 
reduces soil erosion and the steady decline of crop yields. Unless 
provided with spillways, intended to retain all rainfall, and hence, 
increase the moisture retention capacity of the soil profile.

3. Geographical extent of use

Suitable mostly in semi-arid and arid areas but also in medium 
rainfall areas with well drained soils. Commonly practiced in 
dry and moist and mid altitude/highland areas under traditional 
systems. Several areas also show introduced bunds adapted or 
adopted from past conservation activities. Local experience is 
very relevant to assess performance of past activities and suggest 
modifications as required. Improved designs can be integrated 
with local ones to add strength to bunds (grass, stones, etc). 
Applied generally on cultivated lands with slopes above 3% and 
below 15% gradient. Can be applied on grazing lands with 
gentle slopes at wider intervals (up to 5%). Can be applied also 
within sloping homestead areas combined with cash crops.

4. Technical design requirements:

- Height:  60-70cm up to100 cm (lower side);
- Total Base width:  (height/2) + (0.3-0.5 m);
- Top width: 30-40 cm;
- Foundation: 0.3 m width x 0.3 m depth;

- Grade of stone face downside: 1 horizontal : 3 
vertical.;
- Grade of stone face upper side: 1 horizontal : 4 
vertical.;
- Grade of soil bank (seal) on upper side: 1:1.5-2 
(H:V)
- Bunds need to be spaced staggered for animals to 
cross;
- Max bund length 60-80 meters.

5. Layout and construction procedures:

Vertical intervals: follow a flexible and quality oriented approach:
-	 Slope	3-8%	VI	=	1-1.5	m;	Slope	8-15%	VI	=	1-2	m
-	 Slope	 15-20%	 VI	 =	 1.5-2.5	 m	 (only	 exceptional	 cases	 -	 
     reinforced)

Caution: soil bunds > 15% to max 20% only if space 
reduced and with trench, short bunds - above 15% better 
apply stone faced or stone bunds). Layout along the 
contours using line level - discuss spacing with farmers and 
in case of lateral slopes try to maintain lines as straight as 
possible by applying reinforcements on depression points 
(to avoid curving a lot or cutting the plough line).

  

   Schematic view and standard cross section of the channel 
and bund / embankment for conventional soil bund on stable 
soil. Where, 
T = Top width of burrow trench 
(80 cm) 

t = Bottom width (40 cm) 

d = Depth of burrow trench (50 
cm) 

E = Embankment gradient 
1 (horiz.): 2 (vert.) 

B = Width of bund at base (90 
cm) 

m = Berm (10 cm) 

W = Overall width (180 cm) b = Top width (30 cm) 

Height after compaction (50 
cm) 

Height before compaction 
(60 cm) 
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6. Period of implementation across season

Only during the dry season and period not interfering 
with land preparation. However, short showers ease 
the digging and compaction of the soil as it gets 
moist than hard dry.

7. Planning and mobilization requirements

It should be considered as an integral part of the 
treatment of the community watershed and not in 
isolation. Land use, soil and topography assessed. 
Discuss/agree with farmers on design and layout + 
on-the-job training.

8. Cost elements and work norm

Layout: One water line level, two range poles graduated in cm and 10 meters of string (a team of three people layout approx 
2-3 ha/day). Work materials: shovels, pick axes and wooden compactors (the proportion of shovels and pick axes depend on 
type of soil).Work norm is 150 PD/km.

9. Management and maintenance

Upgrading soil bund using Fanya Juu principle: Problem with Fanya Juu is that they overtop easily and break. So in difficult 
slopes with traverse/lateral gradients it is better to implement soil bunds and stone bunds/stone faced bunds than Fanya 
Juu. After the 1st or 2nd year upgrade the terrace by using the FJ principle (See Figure below). For rapid benching + 
apply compost to improve infiltration near embankment/raiser. This form of upgrading can be applied at very large scale 
on existing conserved areas. Integrate bund stabilization: using grasses (indigenous and improved) etc.) + legume shrubs 
(Pigeon peas, Sebania, Acacia saligna, etc.) in dense rows by direct sowing (15-30 cm) on upper side of bund and berm. 
Pigeon peas also planted annually. Lower part of the wall can also be stabilized by planting drought resistant plants such 
as Sisal, Aloes and Euphorbia tirucally in thick rows. Agronomic practices: contour plowing and compost (start first year 
applying 2-3 m strips above the bunds - where soil is deeper and high moisture). Grow cash crops along bunds (especially 
after 1-2 years of composting) in single or wider strips as required. Plant specific crops along bunds to use residual moisture 
(sunflowers, gourd, tomatoes, cucumbers, etc.). Control grazing - avoid animals graze between bunds for at least 1 yr and 
place bunds in staggered position, do not end a bund in a depression.

10. Benefits and acceptability

The advantages of channel soil bunds are that during first year the bunds can accommodate more sediments and water 
than Fanya Juu – thus less prone to breakages. During 2nd and following years good deposited soil is not taken from 
upper level for upgrading. Rather for rapid benching maintaining FJ principle. Cropping close to the embankment is also 
facilitated (less space out of crop production).

11. Limitation

Bunds can create temporary water logging if not integrated with fertility management. Limited stability if not integrated with 
vegetation.

  

  

Layout and Vertical Interval (VI) specifications

Ground slope 
%

Height of bund 
(m)

Vertical 
Interval (M)

Horizontal 
Interval (m)

5 0.5 1 20

10 0.5 1.5 15

15 0.75 2.2 12

20 0.75 2.4 10

25 1 2.5 8

30 1 2.6 8

35 1 2.8 6

40 1 2.8 5

50 1.15 2.8 4
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1. Name of the technology:  Level FanyaJuu

2.  General description:

Similar to the level soil bunds they are impermeable structures 
constructed along the contour and across the slope to retain soil 
and moisture. Contrary to level soil bunds soil is dug from below 
and put upwards. Fanya Juu is a “Swahili” language word which 
means “Throw UP” (See Figure below). That is the conventional soil 
bund is inverted in the sense that the channel is dug and the soil 
for embankment is thrown up slope. Compared to conventional 
soil bunds it is constructed in gentler slopes. The advantages of FJ 
over the ordinary soil bunds are that benching is achieved faster, 
less land taken by the structure and also difficult to be crossed 
by livestock. Depending on the rainfall intensity and nature of 
the soil FJ bunds can be level or graded. The FJ reduces and 
stops the velocity of runoff and consequently reduces soil erosion 
and the steady decline of crop yields (See figure below). They are 
impermeable structures intended to retain rainfall, and hence, 
increase soil moisture, water availability to plants, and increase the 
efficiency of fertilizer application if any. Fanya Juus bench quicker 
than soil bunds but are not as efficient in moisture conservation 
and more prone to breakages/overtopping.

3. Geographical extent of use

Suitable mostly in moist and medium rainfall areas with deep and well drained soils. Can also be practiced in upper ranges 
of semi-arid conditions, particularly on gentle slopes and well drained soils. Fanya Juus are commonly practiced in Ethiopia 
in several areas following its introduction over 3 decades ago. Applied generally on cultivated lands with slopes above 3% 
and below 15% gradient. Fanya Juus are best constructed in uniform terrains with deep soils that do not have traverse slopes 
(depressions). Can be applied on grazing lands with gentle slopes at wider intervals (up to 5%). Can be applied also within 
sloping homestead areas combined with cash crops.

4. Technical design requirements:

Height: min. 60 cm after compaction; Base width: 1-1.2m in stable 
soils (1 horiz: 2 vertical) and 1.2-1.5m in unstable soils (1 horiz:1 
vertical); Top width: 30 cm (stable soil) - 50 cm (unstable soil); 
Collection ditch: 60cm W x 50cm D; Ties: placed every 3-6 m interval 
along channel; Length of bund: up to 60 m in most cases, max 80m; 
FJ need to be staggered to allow animals - to cross fields as required. 
Modifications and adaptations to standard design:
a) Combination of Fanya Juus and soil bunds and reinforcements 
within the same contour line to address the problem of slight traverse 
slopes/depression points.
b) Combination of Fany Juus alternated with soil bunds along the 
slope. This method is to allow some excess runoff not captured by the 
Fanya Juu to get trapped by the upper trench of the soil bund.
c) Upgrading of soil bunds using the Fanya Juu principle after 1-2 
years (see also soil bunds).

5. Layout and construction procedures

Vertical	intervals:	Flexible	and	quality	oriented	approach.	Slope	3-8%	VI	=	1-1,5m;	Slope	8-15%	VI	=	1-2m;	Layout	along	
the contours using line level; poles, string, and three people needed. A-Frame and water-tube-levels are also possible. Discuss 
spacing with farmers and in case of lateral slopes shift to soil bunds for higher water accumulation and apply reinforcements 
and keys. Note: Shift to soil bunds in areas with slight traverse slopes and apply stone keys and reinforcements.

6. Period of implementation across season

Similar to level soil bunds, it will be good if there is some moisture for digging and good compaction. Otherwise, only during 
the dry season and period not interfering with land preparation.

7. Planning and mobilization requirements

Planning follows community/groups and individual owners’ discussions/agreement on layout, spacing and management 
requirements. Groups of 5-20 households work together to increase efficiency (layout, excavation, shaping, compaction, 
level check). Land use, soil and topography assessed. Provide on-the-job training. Precise layout and follow-up/adaptations.
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8. Cost elements and work norm

Precise layout along contours (level) using line level; Scratching or removal of grasses from where embankment is to be 
constructed for better merging/mating and stability; Excavation of downstream ditch or channel, and ties along channel; 
Embankment building, shaping and compaction (essential); Leveling the top of bund with an A-frame (level bunds). Layout: 
One water line level, two range poles graduated in cm and 10 meters of string (a team of three people layout approx 2-3 
ha/day). Work tools: shovels pick axes and wooden compactors (the proportion of shovels and pick axes depend on type 
of soil). Work norm is 200PDs/Km.

9. Management and maintenance

Local experience very relevant to assess performance of past activities to suggest modifications. A major opportunity is 
the application of the fanya juu principle after standard soil bunds are constructed for not disturbing the upper ditch filled 
with fertile soil. Integration with bund stabilization: Fanya Juus need the embankment stabilized in the upper side to allow 
excess water to overtop without creating damage. Grass planted with other shrubs is most suitable. Plants like aloes and 
sisal combined with more productive shrubs (pigeon peas, etc.) are also recommended on upper and lower side of fanya 
juu.  Agronomic practices: contour plowing and compost (start 1st year applying 2-3m strips above fanya juu, where soil 
is deeper and moisture is high). Grow cash crops along bunds (especially after 1-2 years of composting) in single or wider 
strips as required. Plant specific crops along bunds to use residual moisture inside ditches (sunflowers, gourd, tomatoes, 
cucumbers, etc.). Control grazing, staggered position of fanya juus + same as soil bunds. Fanya juus need to be upgraded 
to become level terraces - the upgrading should use soil accumulated in the ditch below the bund. Apply cut/carry for 
grass/legumes growing on bunds (not uprooted). Repair breakages immediately after showers, especially the 1st year. Fully 
on individuals/groups +/- community (commitment to mgt.). Extension workers/experts/technical support and follow up.

Maintaining soil bunds according to Fanya Juu principles - see soil bunds as well.

10. Benefits and acceptability

The main advantages of fanya juu derive from its capacity to become a bench terrace in a short number of years. However, fanya 
juus contribute to increase productivity only if well managed and integrated with soil fertility, particularly, vegetative stabilization 
and composting. The advantages of channel soil bunds are that during first year the bunds can accommodate more sediments 
and water than Fanya Juu – thus less prone to breakages due to layout or construction problems. During 2nd and following years 
good deposited soil is not taken from upper level for upgrading. Rather for rapid benching maintaining FJ principle is preferred. 
Cropping close to the embankment is also facilitated (less space out of crop production). Depending on the rainfall intensity 
and nature of the soil FJ bunds can be level or graded. For more detail the reader is advised to refer infotechs or other specific 
manuals. Level soil bunds are acceptable in many areas to the extent of having traditional roots and this is for their moisture 
and soil retaining ability.

11. Limitation

Can create temporary water logging if not integrated with fertility management. If too narrow spaced can take unnecessary 
space out of production. Limited stability if not integrated with revegetation - regular light maintenance and upgrading.
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1. Name of the technology:  Stone bunds

2. General description

Stone bunds are bunds made of locally available stones 
or boulders. They are semi-permeable structures unless 
sealed with soil in their upper side. Stone bunds increase 
the moisture retention capacity of the soil profile and 
water availability to plants, and increase the efficiency 
of fertilizer applications. The stone bund reduces and 
stops the velocity of runoff and consequently reduces 
soil erosion and the steady decline in fertility and crop 
yields. Compared to soil bunds and FJs stone bunds 
takes less space from farmlands, more durable and 
stable (See photo and Figure below). This is due to that 
bunds with stones can be kept more vertical. The need 
for channel is less required since the stone is impervious 
and excess water can make its way though. However, for 
dry areas need to incorporate the ditch above the bund 
with adequate berm.  Stone bunds are entry points for 
application of organic residues or compost, especially in 
the first 2-3 meters behind the bund where soil is deeper.

3. Geographical extent of use

Stone bunds are constructed where there is stone and rock outcrop. Stone bunds can be constructed on farmlands and 
grazing lands. On farmlands for most of the cases stone bunds are laid out and constructed level. If draining of excess 
water is needed then stone-faced-soil-bunds are essential. The removal of stones from cultivated fields aids more space for 
plant growth (i.e. de-stoning). Suitable mostly in semi-arid and arid areas but also in medium rainfall areas with deep and 
well drained soils. Local experience is very relevant to assess performance of past activities and suggest modifications as 
required. Improved designs can be integrated with local ones to add strength to bunds (plants, etc).

4. Technical design requirements:

Height: 60 to 100cm (lower side). Total base width: (height/2) + (0.3-0.5 m). Top width: 30-40cm. Foundation: 0.3m width x 
0.3m depth.  Grade of stone face downside: 1 horizontal : 3 vertical. Grade of stone face upper side: 1 horizontal: 4 vertical. 
Grade of soil bank (seal) on upper side: 1 horizontal : 1.5-2 vertical. Bunds need to be spaced staggered for animals to cross. 
Max bund length 60-80 meters. See Figures below and at the back.

5. Layout and construction procedures

−	 Work	out	the	gradient	of	the	slope	using	line	level;
−	 Decide	the	spacing	of	the	stone	bunds	based	on	the	 
     slope;
−	 Excavate	the	foundation,	place	and	build	stone	walls	 
     (larger stone for foundation);
−	 Continue	to	build	the	wall	with	stones	until	you	reach	 
     the desired height;
−	 Fill	voids	between	walls	with	smaller	stones;
−	 As	much	as	possible	avoid	round	stones;	
−	 Sealing	of	the	upper	side	with	soil	as	required;	

−	 Reinforcement	of	depression	points;
−	 Move	down	to	the	next	bund	and	repeat	the	steps;
−	 Repeat	the	same	in	the	next	bund;	
−	 Stabilization	and	application	of	compost;
−	 Plant	 the	bunds	with	grasses,	 fodder	 legumes	and	 tree	 to	 
     stabilize and make it productive;
−	 See	Figures	above	and	at	the	back.
Figures showing different sections of a stone bund on cultivated 
fields are shown below.
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6. Period of implementation across season

Only during the dry season and period not interfering with 
land preparation.

7. Planning and mobilization requirements

Planning follows community/groups and individual 
owners’ discussions/agreement on layout, spacing and 
management requirements. Groups of 5-20 households 
work together to increase efficiency (layout, excavation, 
stone collection, placement, stability). Land use, soil and 
topography assessed. Discuss/agree with farmers on 
design and layout + provide on-the-job training. Precise 
layout and follow-up/adaptations.

8. Cost elements and work norm

Laying out includes along the precise contours (level) 
using line level, collection of stones, excavation of 
foundation, placement and building of stone walls (larger 
stones for foundation and on the lower side), filling of 
voids between walls with smaller stones, filling of voids 
between walls with smaller stones and sealing of upper 
side with soil as required, small stone ties every 5m 
(optional), reinforcement in depression points. 
Work norm is 250 PDs/Km.

9. Management and maintenance

All the management integration requirements mentioned under soil bunds and FJs also needed here. Stone bunds can be 
stabilized further by planting drought resistant plants such as sisal, Aloes and Euphorbia tirucalli placed on the low and/
or upper side of the stone bund. Agronomic practices: contour plowing and compost (start first year applying 2-3 m strips 
above the bunds - where soil is deeper and moisture is higher). Grow cash crops along bunds (especially after 1-2 years 
of composting) in single or wider strips as required. Plant specific crops along bunds to use residual moisture (sunflowers, 
gourd, tomatoes, cucumbers, etc.) can be applied. Control grazing - avoid animals to graze between bunds for at least 1 
year and place bunds in staggered position and do not end a bund in a depression point. In some areas farmers practice 
shifting of terrace but not recommended.

10. Benefits and acceptability

Less space compared to soil and fanya juu bunds. The removal of stones from cultivated fields aids more space for plant growth 
(i.e. de-stoning). Suitable mostly in semi-arid and arid areas but also in medium rainfall areas with deep and well drained soils. 
Commonly practiced in dry and moist agro-climatic zones/areas under traditional systems. Several areas also show introduced 
bunds adapted or adopted from past conservation activities. The presence of many traditional/indigenous knowledge increases 
its acceptability.

11. Limitation

Stone bunds can create temporary water logging if not integrated with fertility management. If too narrow spaced can take 
unnecessary space out of production and appearance of some rodents (colder seasons).
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6. Period of implementation across season

Only during the dry season and period not interfering with 
land preparation.

7. Planning and mobilization requirements

Planning follows community/groups and individual 
owners’ discussions/agreement on layout, spacing and 
management requirements. Groups of 5-20 households 
work together to increase efficiency (layout, excavation, 
stone collection, placement, stability). Land use, soil and 
topography assessed. Discuss/agree with farmers on 
design and layout + provide on-the-job training. Precise 
layout and follow-up/adaptations.

8. Cost elements and work norm

Laying out includes along the precise contours (level) 
using line level, collection of stones, excavation of 
foundation, placement and building of stone walls (larger 
stones for foundation and on the lower side), filling of 
voids between walls with smaller stones, filling of voids 
between walls with smaller stones and sealing of upper 
side with soil as required, small stone ties every 5m 
(optional), reinforcement in depression points. 
Work norm is 250 PDs/Km.

9. Management and maintenance

All the management integration requirements mentioned under soil bunds and FJs also needed here. Stone bunds can be 
stabilized further by planting drought resistant plants such as sisal, Aloes and Euphorbia tirucalli placed on the low and/
or upper side of the stone bund. Agronomic practices: contour plowing and compost (start first year applying 2-3 m strips 
above the bunds - where soil is deeper and moisture is higher). Grow cash crops along bunds (especially after 1-2 years 
of composting) in single or wider strips as required. Plant specific crops along bunds to use residual moisture (sunflowers, 
gourd, tomatoes, cucumbers, etc.) can be applied. Control grazing - avoid animals to graze between bunds for at least 1 
year and place bunds in staggered position and do not end a bund in a depression point. In some areas farmers practice 
shifting of terrace but not recommended.

10. Benefits and acceptability

Less space compared to soil and fanya juu bunds. The removal of stones from cultivated fields aids more space for plant growth 
(i.e. de-stoning). Suitable mostly in semi-arid and arid areas but also in medium rainfall areas with deep and well drained soils. 
Commonly practiced in dry and moist agro-climatic zones/areas under traditional systems. Several areas also show introduced 
bunds adapted or adopted from past conservation activities. The presence of many traditional/indigenous knowledge increases 
its acceptability.

11. Limitation

Stone bunds can create temporary water logging if not integrated with fertility management. If too narrow spaced can take 
unnecessary space out of production and appearance of some rodents (colder seasons).
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1. Name of the technology:  Stone Faced Soil Bunds

2. General description

Stone faced soil bunds are where one or both sides of the 
embankment are reinforced with a stone wall or riser. In 
some instances, the reinforcement may take place only 
along the depression points to compensate for layout 
problems and to protect the entire length of the bund. 
Strengthening of soil bunds with stones throughout their 
entire length is recommended wherever farmers tend to 
increase the spacing between structures and stones are 
available. Stone faced soil bunds can be constructed in 
all types of soils, excluding sandy soils. For soil depth and 
texture same as for soil bunds. Stones should be available 
from the field itself or from adjacent areas. Spacing may 
be slightly wider than for soil bunds, particularly up to 
10% on the spacing of soil bund. The dimensions of the 
stone faced soil bunds are identical to the ones already 
explained in previous section. The difference is on the 
stone walls placed on one or both sides of the soil bund 
(See photo and Figures).

Therefore, the bund is larger and stronger. In terms of layout bunds should be level and wing up laterally in order to 
evacuate excess water. As mentioned for the layout of soil bunds, farmers may want to cross small depression points straight 
instead of curving up and down hill continuously. In this case the entire bund should be reinforced on both sides, including 
a stone key.

3. Geographical extent of use

Slope range: The slope range may increase up to 35-40% slope compared to soil bunds alone. However, on such extreme 
slope range, the spacing apart bunds should be guided by standard technical recommendations (relationships between 
slope, vertical interval and soil depth). Besides, above 30% slope the stone riser of the downstream embankment should 
have a deep foundation (30cm). Generally, spillways may be required below 8% slope if water logging problems are likely 
to occur.

4. Technical design requirements

Height: 60 to 100cm (lower side). Total base width: (height/2) + (0.3-0.5 m). Top width: 30-40cm. Foundation: 0.3m width x 
0.3m depth.  Grade of stone face downside: 1 horizontal: 3 vertical. Grade of stone face upper side: 1 horizontal: 4 vertical. 
Grade of soil bank (seal) on upper side: 1 horizontal: 1.5-2 vertical. Bunds need to be spaced staggered for animals to cross. 
Max bund length 60-80 meters. See Figures below and at the back. The design of these bunds is explained in the Figures below.

Types of stone reinforced soil 
bunds: a) Single faced protection 
wall+/- collection trench: Stones 
are placed on the downstream 
side, well inclined to offer 
maximum resistance (1:2 – 1:3 
vert.). A collection trench is dug 
on the upper stream side of the 
bund (see Figures a) and b) Right - 
show stone faced soil bunds (single 
faced). They are provided with 
spillways if necessary (spacing, type 
of soils and type of crops). Stone 
keys are also applied in depression 
points if any.

Double faced stone/soil bunds +/- collection trench: Both sides are reinforced with stones. This type of bund is rather 
resistant against excess runoff. Stone keys along depression points within the earth en part of bund should also be applied 
as required (Figure below). 

  

  

Cross section of single faced reinforced  bunds 
(entire length)

With stone key

On depression points
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c) Double faced stone/soil bunds without collection 
trench: Are suitable for gentle and uniform slopes 
(<8%). The soil embankment is obtained by scratching 
a wider and shallow layer of top soil. Small ties can be 
placed at intervals along the upper side of the bund). 
Double faced stone/soil bund without collection trench

d) “Corner” or lateral stone/soil bunds: This type of 
corner or lateral bunds differs from those for soil bunds 
because they are stone faced on both sides and through 
their entire length (See Figure right). In some instances, if 
the bend is on one side only these bunds are also called 
“Walking Stick bunds”. They are used for moisture 
retention and are suitable for lateral field boundaries 
with gentle slopes (<5%) where farmers want to extend 
their bunds w/o following a precise contour line. Laterally bending bund

The bunds should then be raised at those corners and strongly reinforced on both sides with stones. The tips of the bunds 
winging upwards, whilst remaining level, are of decreasing height towards the slope. They may also evacuate excess water 
through their tips.

5. Layout and construction procedures

Some suggested standards are as follows:
−	 Grade	 of	 lower	 stone	 face:	 1	 horizontal.	 To	 3	
     vertical;
−	 Grade	 of	 upper	 stone	 face:	 based	 on	 soil	
     embankment grade;
−	 Grade	of	soil:	1	horiz.	to	1.5	vertical	on	stable	soils	
   and 1 horiz. to 2 vertical on unstable soil; Lower 
    stone face riser foundation: 0.3 depth x 0.2 – 0.3 
     width;
−	 Upper	stone	face	riser	foundation:	0.2	x	0.2	m;
−	 Stone	size:	20	cm	x	20	cm	stones	(small	and	round	
     shape stones not suitable);
−	 Top	width:	0.4	-	0.5	m;
−	 Height:	min	0.7	and	max	1	m	 (lower	 stone	 face);	
     and Ties: required every 3- 6 m

Stone faced bunds can be constructed by digging a foundation 
for stone blanket. Large stones are then placed in the ditch with 
the right inclination. Soil then dug from a trench on the upper 
side and, together with smaller stones is recommended. The rest 
technical specifications are identical to soil bund. Provision of 
spillways can be placed at the end, in the middle or in whatever 
convenient position with its apron at the outlet.

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation.

7. Planning and mobilization requirements

Planning follows community/groups and individual owners’ discussions/agreement on layout, spacing and management 
requirements. Groups of 5-20 households work together to increase efficiency (layout, excavation, stone collection, 
placement, stability).

8. Cost elements and work norm

250 PD/km (includes from stone collection up to ending of construction).
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c) Double faced stone/soil bunds without collection 
trench: Are suitable for gentle and uniform slopes 
(<8%). The soil embankment is obtained by scratching 
a wider and shallow layer of top soil. Small ties can be 
placed at intervals along the upper side of the bund). 
Double faced stone/soil bund without collection trench

d) “Corner” or lateral stone/soil bunds: This type of 
corner or lateral bunds differs from those for soil bunds 
because they are stone faced on both sides and through 
their entire length (See Figure right). In some instances, if 
the bend is on one side only these bunds are also called 
“Walking Stick bunds”. They are used for moisture 
retention and are suitable for lateral field boundaries 
with gentle slopes (<5%) where farmers want to extend 
their bunds w/o following a precise contour line. Laterally bending bund

The bunds should then be raised at those corners and strongly reinforced on both sides with stones. The tips of the bunds 
winging upwards, whilst remaining level, are of decreasing height towards the slope. They may also evacuate excess water 
through their tips.

5. Layout and construction procedures

Some suggested standards are as follows:
−	 Grade	 of	 lower	 stone	 face:	 1	 horizontal.	 To	 3	
     vertical;
−	 Grade	 of	 upper	 stone	 face:	 based	 on	 soil	
     embankment grade;
−	 Grade	of	soil:	1	horiz.	to	1.5	vertical	on	stable	soils	
   and 1 horiz. to 2 vertical on unstable soil; Lower 
    stone face riser foundation: 0.3 depth x 0.2 – 0.3 
     width;
−	 Upper	stone	face	riser	foundation:	0.2	x	0.2	m;
−	 Stone	size:	20	cm	x	20	cm	stones	(small	and	round	
     shape stones not suitable);
−	 Top	width:	0.4	-	0.5	m;
−	 Height:	min	0.7	and	max	1	m	 (lower	 stone	 face);	
     and Ties: required every 3- 6 m

Stone faced bunds can be constructed by digging a foundation 
for stone blanket. Large stones are then placed in the ditch with 
the right inclination. Soil then dug from a trench on the upper 
side and, together with smaller stones is recommended. The rest 
technical specifications are identical to soil bund. Provision of 
spillways can be placed at the end, in the middle or in whatever 
convenient position with its apron at the outlet.

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation.

7. Planning and mobilization requirements

Planning follows community/groups and individual owners’ discussions/agreement on layout, spacing and management 
requirements. Groups of 5-20 households work together to increase efficiency (layout, excavation, stone collection, 
placement, stability).

8. Cost elements and work norm

250 PD/km (includes from stone collection up to ending of construction).
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9. Management and maintenance

As for integration and input requirement it is same as for soil bunds except demanding more labour. For management and 
maintenance, well constructed bunds require little maintenance, up grading bund height and controlled grazing. Apply cut 
and carry for grass/legumes growing on bunds (not uprooted), composting and check on stability of stone raiser, apply 
repairs as damage may occur. Farmers need to get enough training and supervision particularly in shaping and positioning 
of bunds.

10. Benefits and acceptability

Less space compared to soil and fanya juu bunds. The removal of stones from cultivated fields aids more space for plant 
growth (i.e. de-stoning). Suitable mostly in semi-arid and arid areas but also in medium rainfall areas with deep and well 
drained soils. Commonly practiced in dry and moist agro-climatic zones/areas under traditional systems. The presence of 
many traditional/indigenous knowledge increases its acceptability.

11. Limitation

Same as stone bunds. If stone wall not well constructed require continuous maintenance.
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−	 Size/place	of	ties:	within	trenches	ties	are	placed	at	2-3m	
intervals based upon plantation requirements and half way 
the depth of the trench (0.25 m) with 0.6m horiz. length x 
0.5 cm width for planting seedlings; 
−	 A	30x30x30	cm	plantation	pit	is	placed	in	the	middle	
of the tie or in front of the trench (between berm and 
embankment) with lateral spacing depending on tree and 
shrubs planted (1-3 metres); 
−	 Max	length	of	HTTs:	50-80m.	HTTs	should	wing	up	
laterally, before depression points.

Some modifications to standard designs - see where bigger trenches and small pits for bushes/shrubs are incorporated

  

  

1. Name of the technology:  Hillside terrace

2. General description

A hillside terrace is a structure along the contour where a strip of 
land, about 1 meter wide, is levelled for tree planting. A vertical 
interval of 2-5 meters can be used for constructing hillside 
terraces. Hillside terraces are recommended for low rainfall 
areas, because they help to retain runoff and sediment on steep 
slope land. When it is applied in moist areas, a slight inclination 
or slope to one side to safely drain excess runoff and a proper 
waterway should also be established at the end. Generally, 
hillside terrace is very costly. Hence, it should be used only if there 
is a strong justification for its construction. Can be integrated with 
trenches.

3. Geographical extent of use

Applicable in steep hillsides - community closures with steep 
slopes (max 50%). 

4. Technical design requirements

−	 Stone	riser	height:	0.75-1	m	from	ground	level;
−	 Width	of	terrace	=	1.5	m-2	m;	
−	 Foundation	=	0.3	m	depth	x	0.3	m	width;	
−	 Grade	of	stone	riser	=	1:3	(horizontal	:	vertical);
−	 In	 lower	 rainfall	 areas	 hillside	 terrace	 needs	 to	 have	 5-10%	
gradient back slope;
−	 Integration	with	micro	basins	or	trenches	in	between	terraces	is	
recommended;
−	 Stone	riser	foundation:	0.3-0.4	m	depth	x	0.3	m	width;	
−	 Top	width:	0.5	m	(0.25	m	stone	riser	and	0.25	m	soil);
−	 Grade	 of	 soil	 bank:	 1	 horiz:	 1.5	 (unstable	 soils)	 to	 2	 vertical	
(stable soil);
−	 Base	width:	based	upon	slope;
−	 Size/place	of	trench:	50W	x	50cm	D	x	terrace	length	-	placed	
0,75-1m above stone wall; 
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5. Layout and construction procedure

Includes: a) Cut and fill of the terrace area; b) Collection of stones from working site; c) Shaping of side of some stones 
with sledgehammer for better stability and merging; d) Excavation of foundation; placement and building of stone riser; e) 
Trench excavation above stone riser; f) Placing of excavated soil on hillside embankment; g) Pitting on ties within trenches; 
and h)  Leveling top of the terrace embankment.

6. Period of implementation across season

Mostly during the dry season or after short rainy season for hard soils.

7. Planning and mobilization requirements

Agreements for use rights and management of treated areas (areas shared amongst individuals, groups or managed 
by community or mixed). See opportunities for land use certificates over closures. Arrange working groups for regular 
maintenance.

8. Cost elements and work norm

For layout, one water line level, two range poles graduated in cm and 10 meters of string (a team of 3 people layout 
approx 1ha/day), measuring tape. Tools: crow bars, sledge hammers, shovels, and pick axes. Ratio of shovels and pick 
axes depend on type of soil) shovels and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc.  Worknorm 
250PD/km and 330PD/km with trenches.

9. Management and maintenance

i) Controlled grazing and closure necessary ii) In dry areas and shallow soils need to be combined with other measures 
(eyebrow basins, etc); iii) Series of trenches (2-3 lines) can be constructed in between HTs (starting 2-3 meters above the 
terrace; iv) Apply soil and tree management practices; v) Fodder, legume and cash crops can be planted at the top of 
the stone raiser or at its toe: using grasses (indigenous such as “Sembelete”, “Desho”, others, etc.); vi) + legume shrubs 
(pigeon peas, sebania, acacia saligna, trilucerne etc.) in rows by direct sowing (15-30 cm); vii) Hillside terraces, like stone 
bunds, can be stabilized by drought resistant plants such as Sisal, Aloes and Euphorbia tirucalli placed on the lower side 
of the stone wall;  viii) Integration with strong check dams along depression points and small gullies; ix) Terraces should 
be stabilized, possibly with drought resistant species; and x) Fodder and crops growing on terraces should not be uprooted 
but cut and carried.

10. Benefits and acceptability

Useful and suitable for tree/shrubs planting and very effective in controlling runoff and erosion; ensure protection of 
downstream fields, play a significant role in replenishing water tables, especially when combined with trenches and MBs.

11. Limitation

Hillside terraces can be overtopped - need integration with trenches. Require maintenance if not well constructed and 
stabilized. Are labor intensive techniques.
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1. Name of the technology:  Bench Terraces

2. General description

Bench terraces are a series of level or virtually level strips running across 
the slope (along the contour lines) at vertical intervals, supported by 
steep banks or risers. They are suitable for sloppy land farms with a 
considerable depth of soil, and for farms which are being intensively 
cultivated. In the literature bench terraces are sometimes differentiated 
from the common and conventional SWC measures in the way i.e. 
time taken for their make-up. Excavated bench terraces carried out at 
one go through cut and fill process are known as “Radical terraces” 
while the gradually developed terraces through the action of erosion, 
cultivation operation, and deposition are known as “Progressive 
terraces”. The purpose of bench terracing are: 

a) To reduce soil erosion and instead conserve it (i.e. retain sediment); b) To contribute for maximum moisture retention in 
the soil – with this respect bench terraces are more relevant for moisture stress areas; c) To ease the cultivation operation; 
and d) To achieve uniform plant growth over the width of the bench.

3. Geographical extent of use

Bench terraces are particularly suitable in the following areas: i) Where there are relatively deep soils; ii) On slopes not 
exceeding 25 degrees or 47%; iii) Severe erosion hazards but on sites which are not dissected by gullies; iv) Areas not 
too stony; v) Areas with small holdings and a dense population; vi) Areas where there are food/land shortages or high 
unemployment rates; vii) Areas where crops require impounding water or flood irrigation; and viii) Bench terraces are much 
more cost-effective if there is potential for growing high-value crops, irrigation and mechanized farming.

4. Technical design requirements

When planning, designing, constructing and managing bench terraces some common terms/terminologies that one needs 
to be familiarize with are given below: Soil depth; Width of terrace; Terrace riser; Lip; Toe; Drain; Forward sloping; 
Outward sloping; Backward sloping; Reverse sloping; Inward sloping; Double sloping; Level vs graded terraces; Individual 
terrace; Continuous terraces; Discontinuous terraces; Transitional terraces; Vertical interval; Height of riser; Riser slope; 
Cut-depth; Fill height; Dike height; Dike cross-section; Horizontal interval; Width of riser; Width of bench; Cut section; Fill 
section; Linear length of terraces; Net area of bench terrace; Construction sequence; Progressive versus radical terraces; 
Developed versus constructed terraces; Excavated versus developed terraces; Layout and surveying procedures; Center-
line (non-cut or non-fill); Slope in degree; Slope in percentage; Equipment for surveying; Tools for construction; Use of 
tractors and bulldozers; Waterways; Manuring; Cost of bench terracing; Top soil treatment; Top soil preservation; Irrigated 
bench terraces; Rain-fed (Upland bench terraces); Bulk density of the soil; Angle of repose; Percentage of bench; Cross-
sectional area of the bench terrace; Reverse height; Outward height; Wider terrace versus narrow terrace; Cultivation of 
high value crops; etc. For designing bench terraces, consultation of proper manual on the technique is required; however, 
the following quick steps can be followed.
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viii) Net Area: This is the area in benches or flat strips which is used for cultivation. The net area can be calculated by using 
the following

(ix) Cross section: The cross-section can be computed by the following formula:

The linear length of terraces per hectare can be calculated by the following equation:      

The linear length of terraces per acre can be calculated by the following equation:            

																								L:	Linear	length	of	terraces	in	one	hectare,	in	m;	Wt:	Width	of	terrace,	in	m	(where	Wt	=	Wb	+	Wr).

The	volume	(V)	can	be	calculated	by	multiplying	the	linear	length	(L)	by	the	cross-sectional	area	(	);						V	=	L	*			;	When	

calculating the volume to be cut and filled it should be noted that only one cross-section is used. This is because the same 
cross-section is moving downslope to form a terrace.
 
For level terraces, the following formulas should be used for computing cross-sectional area:

For outward-sloped terrace a modification of the riser height (Hr) is required for calculating cross-section and volume as 
follows:

Hr = VI - OH; Hr: Height of riser; VI: Vertical interval; OH: Outward height (equals width of bench multiplied by 0.03)

5. Layout and construction procedures

Layout of terraces should include an examination of the site's physical conditions such as slope, soil depth, texture, 
erosion, presence of rocks, wetness, vegetation cover and present land use. This entails clearing the area, preparing 
survey equipment, stakes, color ribbons or markers, and deciding on survey methods and sequences. Equipment: the 
equipment usually consists of: dumpy level, abney level or A-level or A-frame; measuring tape and rod; and soil auger. 
For level terraces: use contouring or levelling techniques. For upland bench terraces: use graded-contouring techniques. 
Techniques of layout:i) Setting an up-and-down base-line at the site along a representative slope; ii) Use of center-line 
method i.e. a quick calculation of the VI; iii) Use a level to determine and stake the VI of the terraces along the base line.The 
stakes should be streamlined if there are sharp turns and narrow bottlenecks as these will interfere with future operations. 
Streamlining the stakes entails extra cuts or fills but is worthwhile in the long run.

Marking stakes: Each contour line of stakes should be marked with a different color ribbon or paint in order to avoid 
confusion during construction, (e.g. center lines in red, and side lines in yellow or green, etc.).
 
Construction methods: The cut and fill of the terraces should be done gradually and at an equal pace so that there is 
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Tie cord or rope around the stakes to mark each constructed terrace in sequence. The initial cut must be made immediately 
below the top stakes while the fill work should be started against the bottom stakes. This is done in order to ensure that 
the correct grade is attained without overcutting. Sometimes, rocks or clods of earth can be placed along the bottom line 
of the stakes to serve as a foundation before filling. During the filling operation, the soil should be compacted firmly by a 
beater every 15 cm layer. If the layer of soil fill is thick, the compacting process becomes difficult. Terraces across existing 
depression areas should be built particularly strong. The edge of a terrace should be built a little higher than planned 
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because of settling. The rate of settling may be as high as 10% of the depth of the fill. Both the reverse and horizontal 
grades should be checked by a level during construction work and corrections made promptly. The slope of the riser should 
be shaped to 0.75:1. Waterway shaping should be commenced only after the terraces are cut. Make sure all the terrace 
outlets are higher than the waterway bottom. 

Topsoil treatment or preservation: BTs usually expose the infertile subsoil and this can result in lower production unless some 
prevention or improvement measures are undertaken. Two alternative methods follow: i) The terraces should be built from 
the bottom of the slope upwards. After the bottom terrace is roughly cut, the topsoil from the slope above is then pulled 
down to the lower bench and spread on its surface. Repeat this procedure for the next terrace up the slope and proceed 
uphill in this way until the top terrace is built. Of course, the top terrace will not have topsoil unless it is obtained from 
another place. ii) The second method is to push the topsoil off horizontally to-the next section before cutting the terrace. 
The topsoil should be pushed back when the bench is completed. For hand-made terraces, the topsoil can be piled along 
the center line provided that the bench is wide enough.

6. Period of implementation across season

The terrace must be built when the soil is neither too dry nor too wet. Wetter soil condition is to ease the cut and fill/
compaction condition, otherwise bench terracing is constructed only during the dry season and period not interfering with 
land preparation. Construction shall start and be completed in the dry season.

7. Planning and mobilization requirements

When planning the application of terraces or any soil conservation work farmers or land users should make the final 
decision. However, local government authorities or watershed management experts or conservationists should assist the 
farmers by examining the site and explaining what type of treatments are needed.

8. Cost elements and work norm

The construction cost can be computed as follows:                  where, C : Cost of constructing terraces; V : Volume of 

cut and fill; T : Output per person-day; R : Wage per person-day, etc. For topsoil preservation, add 40 person-days per 

hectare for manual labor.

9. Management and maintenance

If a small break is neglected, large-scale damage will result. Inspection, protection, maintenance, management and 
integration requirement. Further: i) Periodic inspection and maintenance during and after construction as per standard 
specifications will be required based on post-construction site conditions; ii) Make any repairs necessary to ensure the 
measure is operating properly (drainage outlets, risers, etc); vii) Damaged benching and terracing areas shall be repaired 
immediately and reseeded as soon as possible. Substantial maintenance of the newly planted or seeded vegetation may be 
required. The lower part of the benched field is planted with perennials such as coffee, Gesho (Rhamnus pranoides), and 
Chat (Catae dulis). On the benched field annuals such as sorghum, maize and others are cropped. Cassava is grown on 
the top edge of the terrace to make use of the accumulated soft soil, in view of root crop. Farmyard manure and compost is 
intensively applied. A rotation can be considered to alternate cropping in the catchment in wetter seasons and fallow in the 
drier ones. Deep ploughing or sub-soiling, green manuring, or compost is needed to improve soil fertility. Soil productivity 
should be maintained by means of proper crop rotation and the use of fertilizers. B/c there is soil disturbance top soil 
treatment is also crucial element in benching.

10. Benefits and acceptability

When population density and intensity of cultivation reach certain thresholds, bench terraces are effective. BT are effective 
for soil erosion control, better moisture retention, and easy cultivation operation and for getting uniform plant growth 
compared to the conventional terraces. With this regard the naturally occurring slope has to be corrected to artificially 
made BTs. Itas been traditionally practiced in many parts of Ethiopia (to mention are: Konso in the SPNNs; Ankober in 
Northern Shewa; NadierAdet of Tigri; and Hararge highlands). On small farms situated on gentle slopes, natural terraces, 
which possess the advantage of being labour-saving, can be employed.

11. Limitation

Is a labor intensive technology. Compared to other techniques, it requires proper, design, layout and construction methods. 
BTs should not be constructed on the following conditions: a) With sandy or rocky soils, non-cohesive or highly erodible 
soils, or decomposing rock including other depositional materials; ii) On recently soil-cuts and soil filled up segment – this 
is because the cut part could be infertile and the fill may have not settled properly; iii) With soft-rock laminations in thin 
layers oriented so that the strike is approximately parallel to the slope face and the dip approximates the staked slope line; 
iv) BTs may cause sloughing if too much water infiltrates in the soil and are effective only where suitable runoff outlets are 
available; and v) Avoid benching, if possible, in areas where there is potential for rock-fall slide problems.
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9. Biological Soil and Water Conservation
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General:

Definition: Biological soil and water conservation can be defined as a conservation measure 
designed to prevent the loss of soil and moisture through improved soil management and farming 
practices that can maintain/ restore agricultural productivity and agro ecosystem stability. In general, 
it is a rational land use, proper land and crop management practice to increase agricultural 
productivity and ecological stability. Hence, the objective of soil conservation is primarily achieved 
as a result of better land husbandry practices.
 
Concepts: The natural ecosystem maintains its productivity and stability through the process of 
nutrient recycling within a relatively closed cycle. These processes were broken since the beginning 
of agricultural practices as a result of the disruption of vegetation cover and recycling of the 
nutrients. Natural ecosystems are characterized by: continuous vegetation cover, litter layer on the 
soil, microbial activities, retention of nutrients in living tissues and broad heterogeneity in rooting 
structure. 

Principles: There are three basic principles through which biological soil conservation prevents soil 
erosion: The first principle is prevention of the direct impact of raindrops through the provision 
of adequate vegetation cover. Raindrop causes soil erosion because of its kinetic energy. Kinetic 
energy	is	the	product	of	two	factors	(mass	&	velocity;	i.e.	K=MV2,	where	K-	is	kinetic	energy;	M-	is	
mass, and V-is velocity). The impact of raindrop is directly proportional to its size (mass) and speed 
(velocity). 

The second principle is the prevention of concentration of surface flow of water in order to 
prevent the formation of sufficient volume of water that causes runoff. That is, in order to prevent 
detachment and transportation of soil particles by runoff, the first and foremost action is the 
prevention of concentration of surface flow. 

The third principle is increasing resistance of the soil to erosion. The technique that is used to 
increase resistance of the soil is improvement of soil aggregates through soil organic matter 
management. With the improvement of soil organic matter content, the percentage of water stable 
soil aggregates substantially increases, thereby increasing its resistance to detachment by the 
direct impact of raindrops and/or runoff. 

Biological soil and water conservation measures included in this toolkit are:

1. Compost Making and its Application
2. Crop Rotation
3. Intercropping
4. Strip Cropping
5. Ley Cropping
6. Cover / Green Manure Crops 
7. Fertilization and Manuring 
8. Grass Strip
9. Hedge Row Planting
10. Stabilization of Physical SWC Measures
11. Mulching and Crop Residue Management
12. Conservation Tillage
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1. Name of the technology: Compost making and its application

2. General description

Decomposition or breakdown of organic waste materials 
by a mixed population of microorganisms in a warm, moist 
and aerated environment is called composting. Compost is 
one of the organic fertilizers (manures) known to maintain 
or improve the physical, chemical and biological properties 
of soil to maintain/increase agricultural productivity and 
stability of the agro ecosystem. CM will improve soil fertility, 
increase water storage within the soil profile and reduce 
surface runoff, thus reduce soil erosion. It is one of the best 
“hidden” water harvesting methods available (compost 
absorbs water 4-7 times its own weight).

3. Geographical extent of use

Compost is applicable in all agro-ecologies. In terms of main land uses: i) Apply for high value crops within homesteads 
(horticulture); ii) To fertilize conserved fields and/or supplement artificial fertilizers in cultivated lands treated by bunds/terraces; 
and iii) To apply around valuable trees plantations and inside.

4. Technical design requirements

There are two basic methods of making compost: the heap method, and the pit method. i) Heap method is a composting 
method, which is undertaken in an open area. In this method of compost making, moisture, temperature and aeration in a 
heap are easily controlled because the heap is above ground. Because, water freely drains out in heap method; there is no 
problem of excess water. Moreover, it is easy to turn and mix the material for better aeration and accelerated rate of breakdown. 
ii) Pit method is a method, which requires digging of a pit. In this method, it is more difficult to turn and mix the material for 
aeration. It is also difficult to control moisture, temperature and aeration. Water logging problem can easily occur, especially 
during the rainy season entailing the problem of reduced rate of breakdown of the organic materials. The pit (left) and heap 
(right) methods of compost preparation.

1. Pit method: The pit method is recommended in (1) moisture deficit areas with shortage of water supply, (2) in very cold areas, 
(3) in windy areas and (4) in nurseries. Steps for CM are: a ) Select the site for CM under a shelter (boundaries, trees, etc.); b) 
Collect organic waste, animal manure and ash (from kitchens). To carry the materials use a stretcher or a basket; c) Demarcate 
the pit. The size and number of pits will depend on the amount of plant material available, but in any case the pits should not be 
more than 2 m wide, 4 m long and 1.2-1.5 m deep. Start with digging 2 pits, one next to the other as shown in Figure below. 
Make a drain to protect the pit from excess rains; d) Prepare compost in the 1st pit by making layers of: i) Crop residues and 
waste of about 20 cm thick. Compact lightly and apply water (moist all layer); ii) Sprinkling of ash over the layer of plant waste: 
0.5 kgs/square meter/layer will be enough; iii) Apply farmyard manure (FMY): 3-5 full spade/square meter/layer; and iv) Some 
soil should be also spread (1-2 cm) on top of each layer; e) Repeat the same procedure till you reach the top of the pit; f) To 
improve the aeration in the pit, bamboo or other sticks should be placed standing in the middle of the pit at every 2 m. Cover 
the pit with dry grasses or other dry residues; g) The pit is now left for one month. During this period check the moisture and 
add some water to keep the pit moist, never dry or wet. Usually undertake this task once/week; h) After a month turn and mix 
the compost into the second pit; and i) Compost ready after 3-5 months - keep under shade and covered.

2. Heap method: Requires less labor than pits. 
Not suitable in dry areas, windy areas or very 
cold areas. Nutrients can be leached if heap not 
protected. Steps: i) Follow a) and b) as for the pit 
method. Then first demarcate the boundaries of 
the heap using wooden pegs; ii) The size of the 
heap depends on the amount of organic waste but 
it should not be wider than 2 m and 1.5 m high; 
iii) Dig a shallow pit (30cm deep) for collection of 
leached nutrients and moisture; iv) Follow all the 
same steps from d) up to i) for the heap; v) Sides 
of the heap can be also covered or plastered with 
soil.      
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5. Layout and construction procedures:

As mentioned above, both methods of CM follow the same procedure which encompasses the following:
•	 Select	a	suitable	site,	not	too	close	to	houses	or	sources	of	drinking	water.	It	produces	a	liquid	that	can	contaminate	 
    nearby shallow wells or ponds. In dry regions, locate the pit in the shade of a tree if possible, or plant fast-growing  
     trees to provide shade. Make sure the site does not flood during heavy rain. Collect all available organic materials that  
    biodegrade readily. Animal manure and urine, crop residue, grasses, weeds (but not weedy or noxious ones), other  
    plant parts and ash are all good. Chop up any coarse vegetation or crop residues with a machete or spread it on a  
     threshing floor where livestock can trample on it. Decide how big to make the pit (or heap) depending upon how much  
   organic material is available. The pit can be as wide as needed but the ideal depth is about 50 cm, heaps may be  
    roughly 2 m wide and 1-1.5 m high. A pit or heap smaller than 1 m2 is too small. Spread small branches and other  
     coarse materials such as maize or sorghum stover and old branches at the bottom of the pit or heap, to a depth of about  
    10-15 cm. this helps the air to circulate and allows water to drain away (in the wetter zones).
•	 Spread	different	organic	materials	in	layers.	Make	a	layer	of	organic	material	about	5-15	cm	thick,	then	put	ash	(half	a	 
    kilo per square meter) over the organic layer. The thickness of each layer is not as important as using a variety of  
      different materials to give a balance of nutrients in the final compost. Then farmyard manure is spread; a good amount  
    of manure would be three kilos per square meter layer; spread a thin (1-3 cm) layer of soil on top; add more layers  
     of organic material, and of soil or ash, until you have used up all the materials you have. Push a long, pointed stick (or  
     bamboo pole or reed) at an angle all the way into the heap or pit. This stick is used to check the temperature of the pile  
    as it heats up and cools down. Using a reed or bamboo pole (with the nodes opened up and holes in the side) helps  
     air get into the heap. It also allows you to measure the temperature of the compost better.
•	 Cover	the	heap	with	dry	grasses	or	crop	residues.	In	cold	areas	cover	the	sides	of	the	heap	with	soil	as	it	helps	to	keep	 
    the inside temperature high and avoid drying by wind. Let the pit/heap decompose for about 3-5 weeks. During this  
    time the heap or pit contents will get smaller: pull out the stick to check the temperature. If it has cooled down, the  
    compost needs turning. Always keep the compost moist. You can throw household washing water on it. After 3 weeks  
      in semi arid and 5 weeks in moist areas, the compost should be turned and mixed in order to aerate the heap.  Aeration  
     speeds up composting process by increasing the population of aerobic micro-organisms. Repeat the operation for 1-3  
    times at regular intervals so it matures. If steps properly followed, approximate duration of the composting process is  
     2–5 months (starting date to maturity) with the shortest in arid/semi arid areas

6. Period of implementation across season

Pit excavation 1-1.5m depth x 2m width x 4m length (Feb-Sept). Collection of roughage, ashes and animal dung (around 
farms, foot paths, etc.) in Aug-Oct. Compost preparation (end Sept-Oct) for either pit or heap method.

7. Planning and mobilization requirements: 

CM can be undertaken at very large scale and linked to area closure management and the upgrading of terraces into 
“cash crop production belts”. CM be considered as an integral part of community watershed management.

8. Cost elements and work norm

The common materials, which can easily be secured, are: i) Animal manure (from cattle, equines, sheep, goats, poultry, etc) 
provides the micro organisms with nutrients.  ii) Also it would enrich the compost with nitrogen, phosphorus and potassium 
(NPK); iii) Ashes (from burning weeds or fuel wood) will enrich the compost with phosphorus and potassium and increase 
the population of micro-organisms; iv) Soil (which is available at composting site) helps in the composting process by 
introducing soil micro-organisms; and v) Addition of nitrogen fertilizers only if they are available is desirable to speed up 
the breakdown of cereal straws.  While phosphorous fertilizer is desirable to increase the population of microorganisms, 
the need of phosphorus can be met by using ashes. WORK NORM: Pit Method: 10 PD/pit (4mL x 2mW x1,5mD);  Hip 
Method: WORK NORM: 1 PD/linear meter (2mW x1.5m Height).

9. Management and maintenance

Compost is a highly quality material and should be applied carefully. It should not be spread over the whole field and not 
be exposed to direct sunlight and heat. Apply it in holes near the plant. Refill the first compost pit one month before the end 
of the composting process taking place in the second pit and repeat the same procedure. By this system you can produce 
compost three times a year. Make compost making integrated with income generating activities.

10. Benefits and acceptability

i) CM as a business and income generation for the poor; ii) The activity can be closely connected with measures such as 
rehabilitation of closures and hillsides to access biomass; iii) CM or “local fertilizer factories” can be organized at the lower 
part of area closures; iv) CM linked to fertilizer distributions: extension and development agents could promote a campaign 
aimed to sensitize any farmers that buy fertilizers with a brief session on benefits and use of compost; and v) The use of 
compost helps retaining and releasing fertilizer nutrients, increasing its efficiency as high as 50% or more in most places. 
As to acceptability vast experience in CM exists, traditionally and through new methods. Pit method is common in moisture 
stressed areas. Heap method in sub-moist and moist areas. CM can be scaled up in most areas, including dry areas. 
Can build upon traditional practices of keeping animals under shed at night and collect waste and roughage around the 
homesteads and fields (Kraal or Ohura traditional system for cultivation of pepper, maize, etc., the case of Ethiopia).

11. Limitation

Not applicable in areas with limited access to water. Cannot expand to proper scale w/o proper watershed rehabilitation.
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the population of micro-organisms; iv) Soil (which is available at composting site) helps in the composting process by 
introducing soil micro-organisms; and v) Addition of nitrogen fertilizers only if they are available is desirable to speed up 
the breakdown of cereal straws.  While phosphorous fertilizer is desirable to increase the population of microorganisms, 
the need of phosphorus can be met by using ashes. WORK NORM: Pit Method: 10 PD/pit (4mL x 2mW x1,5mD);  Hip 
Method: WORK NORM: 1 PD/linear meter (2mW x1.5m Height).

9. Management and maintenance

Compost is a highly quality material and should be applied carefully. It should not be spread over the whole field and not 
be exposed to direct sunlight and heat. Apply it in holes near the plant. Refill the first compost pit one month before the end 
of the composting process taking place in the second pit and repeat the same procedure. By this system you can produce 
compost three times a year. Make compost making integrated with income generating activities.

10. Benefits and acceptability

i) CM as a business and income generation for the poor; ii) The activity can be closely connected with measures such as 
rehabilitation of closures and hillsides to access biomass; iii) CM or “local fertilizer factories” can be organized at the lower 
part of area closures; iv) CM linked to fertilizer distributions: extension and development agents could promote a campaign 
aimed to sensitize any farmers that buy fertilizers with a brief session on benefits and use of compost; and v) The use of 
compost helps retaining and releasing fertilizer nutrients, increasing its efficiency as high as 50% or more in most places. 
As to acceptability vast experience in CM exists, traditionally and through new methods. Pit method is common in moisture 
stressed areas. Heap method in sub-moist and moist areas. CM can be scaled up in most areas, including dry areas. 
Can build upon traditional practices of keeping animals under shed at night and collect waste and roughage around the 
homesteads and fields (Kraal or Ohura traditional system for cultivation of pepper, maize, etc., the case of Ethiopia).

11. Limitation

Not applicable in areas with limited access to water. Cannot expand to proper scale w/o proper watershed rehabilitation.
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1. Name of the technology:  Crop Rotation

2. General description

If the same crop is grown on the same piece of land year after year, the soil nutrients in a given stratum deplete sharply and 
the crop yield declines. Therefore, crop rotation is a practice of growing different crops one after the other on the same 
piece of land season after season or year after year. Economic consideration is the major factor influencing the decision 
of kind of crop(s) in rotations. Usually there are few main crops, which are the primary targets for improving crop yields 
through rotation. Plants of the same crop develop their roots in the same depth of soil profile resulting in strong competition 
for moisture and nutrients. On the other hand, if different crops are rotated, the depletion of soil nutrients and the decline 
in crop yields are not as serious as when the same crop is grown year after year. Crops also differ in their effect on the 
soil. Some crops restore or build fertility of the soil, while others deplete its fertility. For instance, legumes fix atmospheric 
nitrogen and hence enrich soil fertility. Forage legumes and grasses provided good ground cover that protects soil erosion 
and enriches the soil with organic matter, which in turn improves the structure and biological activities as a result of dead 
roots and shoots. In contrast, cereals such as sorghum and maize deplete soil fertility through their big stalks and biomass 

3. Geographical extent of use:

In almost every part of the Region/country where cropping is practiced CR is applicable and with more frequent is needed 
in less potential areas - compared to high potential areas. Potential is to mean in terms of soil fertility (e.g.). CR has been 
a valuable traditional practice, which plays remarkable role in maintaining/ restoring ecological stability and agricultural 
productivity in many parts of the world.

4. Technical design requirements

Different crops have different morphological characters (roots and shoots) that enable them exploit the physical resources 
(solar radiation, soil moisture, nutrients, etc) from different strata. For instance, if two or more crops are rotated, the 
intensity of nutrient depletion is not severe, as the different crops proliferate their roots at different soil strata, and hence 
take the nutrients from different soil layers. A farmer may need to divide his plots into blocks or parcels so that he can 
rotate his diverse crops, based on his diversified need. For example: Plots A, B, C then in the first year Plot A can be cereal 
while Plot B is pulse and Plot C oil crop. This can be interchanged the coming consecutive years until the cycle completed.

5. Layout and construction procedures

In this regard, different crop varieties/ species vary in their response to the attacks of different pests and diseases: some 
crops are resistant to some pests and diseases including weeds, while others are susceptible. For instance, Sorghum is 
found to be more susceptible to the parasitic weed (Striga) than leguminous and oil crops. Therefore, it is advisable to 
grow legumes or oil crops after sorghum than growing sorghum after sorghum or millet after sorghum and vice-versa. In 
general, infestation of crops by pests/ diseases or weeds is often intensified with the depletion of soil fertility. Therefore, 
systematic crop rotation, which allows gradual build up of soil fertility, should be followed. Improvement of ground cover 
and soil structure through crop rotation substantially influences the effect of runoff and soil loss.

6. Period of implementation across season

Mostly during the land preparation and cropping seasons depending the targeted crop across seasons or years.

7. Planning and mobilization requirements

Planning depends on what to rotate after what. However, no significant mobilization required as it tallies the normal 
cropping season. Usually need of availing or acquiring the seed needed to be in rotation. At times there are circumstances 
where small scale farmers tend to practice the same crop year after year due to shortages of seed to be in the rotation.  
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1. Name of the technology:  Intercropping

2. General description

Intercropping is a practice of growing two or more crops simultaneously on the same piece of land at the same time. 
Intercropping systems include strip intercropping and mixed intercropping, which depends mainly on the characteristics of 
various crops in spatial distribution and cropping goals. The aim of intercropping is to increase productivity of the land 
and to protect the soil against erosion. Crops like maize and sorghum have bulky biomass, which is often not returned to 
the soil. The big stalks that may exploit nutrients in proportion to their size are often removed for various purposes. As a 
result, these crops are very exhaustive and hard to the land. They deteriorate fertility of the land in two ways. Firstly, their 
morphology is such that they expose the land to erosion. Secondly, the crops exploit the nutrients in their stalks, which do 
not often return to the soil, resulting in the depletion of soil fertility. So, planting suitable legume species between the rows 
of maize/ sorghum crops mitigates the problem of soil erosion, maintains or increases soil fertility and optimizes the use of 
the physical resources (moisture, nutrients, etc). Intercropping, if applied correctly, could be a key solution to the low crop 
yields and soil erosion in row crops. 

3. Geographical extent of use

In almost every part of the Region/country, agro-ecology and soils where cropping is practiced. It is more demanding to 
apply intercropping in less potential areas - compared to high potential areas.

4. Layout and construction procedures

Two approaches are there: strip cropping and mixed cropping. While the principles and objectives of strip IC and mixed 
cropping are the same, the patterns are different. Strip IC is a cropping practice where strips of two or more crops are 
alternately established on the contour for erosion control. The practice is useful against soil erosion in areas where 
cropping system is dominated by row or sparsely populated crops that often expose the ground to erosive forces. As far 
as erosion is concerned, the application of this practice would be justifiable only if the two strip crops have contrasting 
characters in terms of controlling soil erosion. In this regard, if the first strip crop is a row crop or a crop, which is susceptible 
to erosion like sorghum and maize, the second strip crop should be a crop that effectively controls soil erosion. So, if the 
first strip is maize or sorghum, the second should be forage/food legume that forms dense ground cover. In this case, 
maize or sorghum is regarded, as soil depleting/ degrading crop while the legume is soil-conserving crop. Similarly, other 
crops that can effectively control the impact of raindrops and runoff can be grown in alternate strips with crops like maize 
and sorghum.

Contrary to mono or single cropping two or more crops are mixed up and broadcast over the field so that one cannot 
distinguish the rows of one crop from another. There is a need to apply different land preparation, seeding/planting, 
weeding, pest application, and harvesting technique based on the different morphology and maturity time of the crops to 
be intercropped.

5. Period of implementation across season

Mostly during the land preparation and cropping seasons depending the targeted mix of crops to be intercropped.

6. Planning and mobilization requirements

Depending on their comparative advantage, timely decision on the types of crops to be intercropped and its timely 
acquiring.

7. Cost elements and work norm

Need of making rows and different seed bed preparation based on the plants to be seeded or planted. 

8. Management and maintenance

Apply IC in rows than in broadcasted fashion as this will, moreover, the different management aspects are much easier in 
strip/row intercropping than in mixed cropping because of the distinct pattern in intercropping.

9. Benefits and acceptability

A good stand of intercrops makes better use of the available environmental resources. The various leaf arrangements of 
the different plants allow the optimal interception of light. Similarly, the contrasting patterns of the root system in different 
soil layers allow efficient utilization of soil moisture and nutrients. A mixed stand of crops suffers less from the damages 
of insects and diseases. It also protects the soil surface more effectively than pure stand. The overall output per unit area 
can also be greater and the chances of total crop losses are lower in intercrops. Thus this will ultimately lead to higher 
production and productivity.

10. Limitation

Extra management effort is required interims of planting in rows, weeding and cultivation, and harvesting compared to the 
non-intercropping practices. 



102

1. Name of the technology:  Intercropping

2. General description

Intercropping is a practice of growing two or more crops simultaneously on the same piece of land at the same time. 
Intercropping systems include strip intercropping and mixed intercropping, which depends mainly on the characteristics of 
various crops in spatial distribution and cropping goals. The aim of intercropping is to increase productivity of the land 
and to protect the soil against erosion. Crops like maize and sorghum have bulky biomass, which is often not returned to 
the soil. The big stalks that may exploit nutrients in proportion to their size are often removed for various purposes. As a 
result, these crops are very exhaustive and hard to the land. They deteriorate fertility of the land in two ways. Firstly, their 
morphology is such that they expose the land to erosion. Secondly, the crops exploit the nutrients in their stalks, which do 
not often return to the soil, resulting in the depletion of soil fertility. So, planting suitable legume species between the rows 
of maize/ sorghum crops mitigates the problem of soil erosion, maintains or increases soil fertility and optimizes the use of 
the physical resources (moisture, nutrients, etc). Intercropping, if applied correctly, could be a key solution to the low crop 
yields and soil erosion in row crops. 

3. Geographical extent of use

In almost every part of the Region/country, agro-ecology and soils where cropping is practiced. It is more demanding to 
apply intercropping in less potential areas - compared to high potential areas.

4. Layout and construction procedures

Two approaches are there: strip cropping and mixed cropping. While the principles and objectives of strip IC and mixed 
cropping are the same, the patterns are different. Strip IC is a cropping practice where strips of two or more crops are 
alternately established on the contour for erosion control. The practice is useful against soil erosion in areas where 
cropping system is dominated by row or sparsely populated crops that often expose the ground to erosive forces. As far 
as erosion is concerned, the application of this practice would be justifiable only if the two strip crops have contrasting 
characters in terms of controlling soil erosion. In this regard, if the first strip crop is a row crop or a crop, which is susceptible 
to erosion like sorghum and maize, the second strip crop should be a crop that effectively controls soil erosion. So, if the 
first strip is maize or sorghum, the second should be forage/food legume that forms dense ground cover. In this case, 
maize or sorghum is regarded, as soil depleting/ degrading crop while the legume is soil-conserving crop. Similarly, other 
crops that can effectively control the impact of raindrops and runoff can be grown in alternate strips with crops like maize 
and sorghum.

Contrary to mono or single cropping two or more crops are mixed up and broadcast over the field so that one cannot 
distinguish the rows of one crop from another. There is a need to apply different land preparation, seeding/planting, 
weeding, pest application, and harvesting technique based on the different morphology and maturity time of the crops to 
be intercropped.

5. Period of implementation across season

Mostly during the land preparation and cropping seasons depending the targeted mix of crops to be intercropped.

6. Planning and mobilization requirements

Depending on their comparative advantage, timely decision on the types of crops to be intercropped and its timely 
acquiring.

7. Cost elements and work norm

Need of making rows and different seed bed preparation based on the plants to be seeded or planted. 

8. Management and maintenance

Apply IC in rows than in broadcasted fashion as this will, moreover, the different management aspects are much easier in 
strip/row intercropping than in mixed cropping because of the distinct pattern in intercropping.

9. Benefits and acceptability

A good stand of intercrops makes better use of the available environmental resources. The various leaf arrangements of 
the different plants allow the optimal interception of light. Similarly, the contrasting patterns of the root system in different 
soil layers allow efficient utilization of soil moisture and nutrients. A mixed stand of crops suffers less from the damages 
of insects and diseases. It also protects the soil surface more effectively than pure stand. The overall output per unit area 
can also be greater and the chances of total crop losses are lower in intercrops. Thus this will ultimately lead to higher 
production and productivity.

10. Limitation

Extra management effort is required interims of planting in rows, weeding and cultivation, and harvesting compared to the 
non-intercropping practices. 
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1. Name of the technology: Strip cropping

2. General description

IStrip cropping is a cropping practice where strips of two or more 
crops are alternately established on the contour or, it is a system of 
establishing more than one crop in alternate strips following a contour 
pattern for the purpose of erosion control, crop diversification, 
and decrease the risks associated to the use of single crops only. 
This cropping system is designed as a defense mechanism against 
soil erosion in areas where the cropping system is dominated by 
row/sparsely growing crops that exposes the ground to erosive 
forces. For instance, crops like sorghum and maize are susceptible 
to erosion and need to be grown alternately with soil conserving 
crops. Strip intercropping is the adaptation from intercropping to 
contemporary, mechanized agricultural practices. 

3. Geographical extent of use

IDifferent forms of strip cropping exists in some areas but rarely done in an organized way. This technique can be adapted 
if strips are developed using flexible modalities and do not follow rigid patterns of distances. Applicable on cultivated lands. 
Below 500mm of rainfall it can be practiced using runoff-run-on system between terraces (see toolkit/infotech on runoff 
strips). Above 500-700 mm of rainfall soil and moisture conservation measures are required above 5% slope.

4. Technical design requirements

Strip width vary with the degree of erosion hazard but are generally between 5, 10, 15 and 20m with narrower strips 
on steep slopes and wider strips on gentle slopes. Planting technique is traditional except that it is along the contour. 
To increase their effectiveness, the density of the legume crop should be higher than normal cultivation. However, on 
steeper slopes it may be necessary to add grass buffer strips of 2 to 4 m wide, placed at 10 to 20 m interval. The width 
of permanent buffer strips, however, should be negotiated with farmers and determined based upon not only technical 
considerations but also according to their land holdings (space, tenure issue). Otherwise place bunds following standard 
vertical intervals based on slopes.

5. Layout and construction procedures

The layout can be barely; soybean, and maize as indicated on the picture. Not that the strip should also follow the contour. 
The multiple crops are grown in narrow, adjacent strips that allow interaction between the different species, but also allow 
management with modern equipment. The line which is to be used for the base of measurements should be laid out on 
the contour in such a position that as many strips as possible may be measured from it both up and down the slope. This 
base line may be laid out by various methods but it must be exactly on the true contour; otherwise the very purpose of 
contour-strip farming is defeated.

6. Period of implementation across season

During the final stages of land preparation and planting or seeding.

7. Planning and mobilization requirements

No significant planning and mobilization as such.

8. Cost elements and work norm

Use of different tillage methods such as tractors with row planting, oxen driven and manual planting.

9. Management and maintenance

Rotate the rows of crops year after year or season after season. Integration with i) Bunds, grass strips, etc, able to reduce 
runoff and increase storage is recommended; 2) When legumes are harvested, residues and roots should not be pulled out 
but left as stubble; and iii) Improved fast covering varieties can be tried.
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10. Benefits and acceptability: 

Strip cropping, combined with contour tillage and terracing where necessary, has been proved by experiment stations in 
the various demonstration areas to be very economical and effective, and the most practical means of controlling erosion 
and conserving soil and water on cultivated land. It is now known that, other factors being equal, the longer the slope the 
greater the degree of erosion. Contour strip cropping divides the length of the slope, checks the momentum of runoff water, 
filters out the soil being carried off, and increases the absorption of rain water by the soil. The multitude of obstructions 
offered by the dense, close-growing crops in the alternate strips slow down the rapid flow of water, thus permitting it to 
soak into the soil and, by spreading the water, prevent it from concentrating in low areas and gullies. They also deflect wind 
currents and prevent soil blowing. Strip cropping is a common practice both in mechanized large farms and small holdings.

11. Limitation:

Need to integrate with physical measures such as soil bunds stabilized with perennial grasses on steeper slopes.

1. Name of the technology: Ley Cropping 

2. General description

LC is a cropping practice in which legume based pastures are rotated with food crops. Legume based pastures are grown 
on fallow lands for some time to improve fertility of the soil and hence replaced by subsequent crops (mainly cereals). 
Ley farming has an extra advantage of linking livestock with crop production where shortage of grazing land and feed 
constrained livestock productivity. In LC, vigorous vegetation, which provides good ground cover and stimulates biological 
activity in the soil, is established on the fallow land. The establishment of dense, productive forage crops during fallowing 
period provides a thick ground cover during rainy season preventing the soil erosion. In this regard forage legumes like 
pigeon pea, siratro and stylos can be used as legume for improved fallow.

3. Geographical extent of use

This system has been developed first in Southern Australia where its value to agriculture has been enormous. The practice is 
expanding elsewhere and believed to be feasible under Ethiopian conditions where fallow is a common practice to restore 
fertility of shallow and depleted soils.

4. Technical design requirements

The vegetation cover (live or dead), on the land to be improved through fallow practice, need to be minimized as much 
as possible before sowing the legume. The vegetation cover can be minimized through intensive grazing by large number 
of livestock before the onset of rain. The land is lightly disturbed (cultivated) and the seed is broadcasted on the field at a 
given seed rate for the species to be sown as soon as the rain started and sufficiently moistened the soil. Branches or leaves 
of trees are lightly pulled over the field to cover the seed with soil; but extra care is needed not to heavily cover (bury) the 
seed, especially the smaller seeds.

5. Period of implementation across season

Applied at the beginning of the rainy season.

6. Management and maintenance

After the end of the rainy season the introduced legume together with naturally growing grass should be harvested (cut) 
at a height of about 10cm above the ground. The purpose of harvesting (cutting) the pasture at about 10cm above the 
ground is to prevent soil erosion problem that may arise before the next planting time. Moreover, the remaining above 
ground biomass together with the root biomass allows the incorporation of enough organic material for the restoration of 
soil nutrients and organic matter content of the soil.

7. Limitation

Difficult to practice in areas where farmers can not set aside a land for pasture legumes - that is in areas where farmers 
grow food crops after food crops.
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10. Benefits and acceptability: 

Strip cropping, combined with contour tillage and terracing where necessary, has been proved by experiment stations in 
the various demonstration areas to be very economical and effective, and the most practical means of controlling erosion 
and conserving soil and water on cultivated land. It is now known that, other factors being equal, the longer the slope the 
greater the degree of erosion. Contour strip cropping divides the length of the slope, checks the momentum of runoff water, 
filters out the soil being carried off, and increases the absorption of rain water by the soil. The multitude of obstructions 
offered by the dense, close-growing crops in the alternate strips slow down the rapid flow of water, thus permitting it to 
soak into the soil and, by spreading the water, prevent it from concentrating in low areas and gullies. They also deflect wind 
currents and prevent soil blowing. Strip cropping is a common practice both in mechanized large farms and small holdings.

11. Limitation:

Need to integrate with physical measures such as soil bunds stabilized with perennial grasses on steeper slopes.

1. Name of the technology: Ley Cropping 

2. General description

LC is a cropping practice in which legume based pastures are rotated with food crops. Legume based pastures are grown 
on fallow lands for some time to improve fertility of the soil and hence replaced by subsequent crops (mainly cereals). 
Ley farming has an extra advantage of linking livestock with crop production where shortage of grazing land and feed 
constrained livestock productivity. In LC, vigorous vegetation, which provides good ground cover and stimulates biological 
activity in the soil, is established on the fallow land. The establishment of dense, productive forage crops during fallowing 
period provides a thick ground cover during rainy season preventing the soil erosion. In this regard forage legumes like 
pigeon pea, siratro and stylos can be used as legume for improved fallow.

3. Geographical extent of use

This system has been developed first in Southern Australia where its value to agriculture has been enormous. The practice is 
expanding elsewhere and believed to be feasible under Ethiopian conditions where fallow is a common practice to restore 
fertility of shallow and depleted soils.

4. Technical design requirements

The vegetation cover (live or dead), on the land to be improved through fallow practice, need to be minimized as much 
as possible before sowing the legume. The vegetation cover can be minimized through intensive grazing by large number 
of livestock before the onset of rain. The land is lightly disturbed (cultivated) and the seed is broadcasted on the field at a 
given seed rate for the species to be sown as soon as the rain started and sufficiently moistened the soil. Branches or leaves 
of trees are lightly pulled over the field to cover the seed with soil; but extra care is needed not to heavily cover (bury) the 
seed, especially the smaller seeds.

5. Period of implementation across season

Applied at the beginning of the rainy season.

6. Management and maintenance

After the end of the rainy season the introduced legume together with naturally growing grass should be harvested (cut) 
at a height of about 10cm above the ground. The purpose of harvesting (cutting) the pasture at about 10cm above the 
ground is to prevent soil erosion problem that may arise before the next planting time. Moreover, the remaining above 
ground biomass together with the root biomass allows the incorporation of enough organic material for the restoration of 
soil nutrients and organic matter content of the soil.

7. Limitation

Difficult to practice in areas where farmers can not set aside a land for pasture legumes - that is in areas where farmers 
grow food crops after food crops.
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1. Name of the technology: Cover/green manure crops

2. General description

Cover crops are crops grown as ground protection under row plantation crops or as conservation measure on fallow 
lands during off-season. Cover crops provide proper ground cover to protect the soil from erosive agents. While the main 
objective of cover crops is to protect the soil from the direct impact of erosive agents, they also play additional role of 
replenishing soil organic matter and nutrients. The replenishment of organic matter and nutrients comes from the addition 
of decaying roots and shoots of the cover crops. Cover crops are grown under tree crops mainly to protect the soil from the 
impact of water drops falling from the tree canopy. They are particularly important with tall trees, where their height causes 
the drops to approach erosive velocity. Under dry conditions where competition from cover crop affects the tree crops, 
mulches may be used to prevent erosion.

Green manure crops are crops grown mainly to maintain or increase the soil organic matter and nutrients. In addition, the 
crops protect the soil against erosion during off-season. The major difference between green manure and cover crops is the 
main objective for which they are grown. Green manure crops are mainly grown to enrich the soil with organic matter and 
essential nutrients while the aim of growing cover crops is to protect the soil against erosive agents. Although the objectives 
of growing the two crops are different, the ultimate benefits gained are often the same. 

The growing of cover /green manure crops suppresses the growth of weeds and prevents weed infestation. Farmers 
cultivate their land a number of times basically to control weed infestation. The introduction of cover crops minimizes the 
number of cultivation and helps the realization of minimum tillage. The reduction in the number of cultivation reduces the 
requirement of traction power; labor and time for cultivation (weed control). Moreover, the reduction in the number of 
cultivation rewards the advantage of minimum tillage, which in turn maintains the stability of soil aggregates. However, in 
dry areas the application of cover/ green manure crops is feasible where supplementary irrigation is possible.

1. Name of the technology:  Fertilization and manuring

2. General description

The application of chemical fertilizers is referred to as fertilization while manuring is the application of various manures 
(e.g. green manure, compost, farmyard manure, etc). In the absence of chemical fertilizers or when farmers cannot afford 
purchasing chemical fertilizers, manuring could be an option for maintaining fertility of the land. Fertilization/ manuring 
in addition of increasing crop yields promotes quicker and denser vegetation cover, and hence effective in earlier erosion 
control. The same crop planted on the same soil, with the same rate and date of planting, with and without fertilizer, greatly 
varies in terms of forming effective ground cover for erosion control. Therefore, improvement of fertility of the land has both 
economic and ecological benefits.

Nutrients are lost from the soil in different ways. Large quantities are removed from the soil due to harvest of crops. Weeds 
remove considerable quantities of plant nutrients from the soil. Leaching and erosion also lose nutrients. Nitrogen is also 
lost by volatization and denitrification. Soil is the important source of plant nutrients. When the crop requirements are 
higher than the soil supplying power, nutrients are applied as manures or fertilizers or both. 

1. Name of the technology:  Vegetative Soil Conservation Measures (Grass strips; Hedgerow planting; Stabilization of 
physical SWC).

2. General description

Vegetative conservation measures are those measures applied to potential lands to maintain or increase their productivity, 
or on degraded lands to restore productivity. They are considered curative when applied to degraded lands and preventive 
when applied to potential lands.  The vegetative measures are intended to: obstruct the force of runoff; stabilize structures; 
rehabilitate forest and grazing lands; and stabilize degraded/fragile lands. Vegetative conservation measures are made 
of various vegetation; predominantly trees, shrubs, grasses and herbaceous legumes applied in combination or pure in 
various forms for different purposes. Vegetation is of vital importance as a protection against soil erosion. It protects the 
soil against the action of falling raindrops and absorbs their kinetic energy, increases degree of infiltration, maintains 
the roughness of the soil surface, reduces speed of surface runoff, binds the soil mechanically, diminishes microclimate 
fluctuations in the upper most layers of the soil and improves the physical, chemical and biological properties of the soil.

Vegetative barriers refer to the barriers made of live vegetation (trees, shrubs and grasses) and are often put across a slope 
in the form of grass strip, grass hedge of shrub/tree hedge to prevent the force of runoff and soil loss. Further, more details 
of the specific techniques / technologies i.e. grass strip; hedgerow planting; and stabilization of physical soil and water 
conservation measures are given below.
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1. Name of the technology: Grass Strip

2. General description

GS are narrow strips of naturally growing or planted grasses laid 
out on the contour or graded line. The width of the GS mainly 
depends on the density of the grass (vegetation) in the strip.  When 
the line of grass is continuous and close, it does not allow much soil 
to pass through, thus, the soil is filtered out and deposited behind/
in the upper slope of the strip.  In this case, the width of the strip can 
be narrow.  But if the plants in the strip are sparse and do not allow 
major deposition above the strips, the process of filtration and 
deposition of the soil particles would be graduated and take place 
throughout the width of the stripes. In this case, wider stripes allow 
more deposition of soil particles and more effective in controlling 
soil loss by runoff. 

It is always preferable to use narrow strips to economize the land and other resources provided the narrow strips are 
effective enough to control soil loss. In the high potential perennial cropping areas, the condition is favorable for fast and 
vigorous vegetation growth and hence for the formation of dense and effective GSs. In this type of climate, narrow GSs (not 
wider than 50cm) could be effective for erosion control. However, in semi arid areas, the narrow GSs (e.g. 50cm wide) may 
not be applicable to effectively control erosion. Thus it is advisable to use the wider (1m) level GS where the technology is 
applicable. 1mVI is followed to layout and establish the GSs.

3. Geographical extent of use

The technology is more appropriate for areas receiving sufficient moisture for reliable establishment and survival of the 
vegetation but can also be applicable in drier areas in combination with physical soil and water conservation measures. 
Likewise, the technology could also be applicable to dry areas where supplementary irrigation and systematic in-situ 
moisture conservation is practiced.

4. Technical design requirements

Forms of planting material: There are various forms of planting material used for the establishment of vegetative barriers. 
The planting material can be seed or vegetative forms (e.g. seedlings, root splits, stem cuttings, etc). The vegetative forms 
like seedlings, root splits and stem cuttings are in growing process; they have more energy reserves and/or growing organs 
for better establishment and survival when planted out in the field. Suitable species: Grass species should be perennial and 
persistent, compete with and suppress weeds, provide good ground cover, provide physical impediment to flow and hence 
conserve the soil and moisture. They should have multiple values like fodder, in addition to soil and moisture conservation. 
The grass species suitable for grass stripes are as follows: In low rainfall areas grasses like vetiver, Sudan grass and other 
local grasses can be used whereas, in high rainfall areas; phalarisaqatica, Vetiver and local grass (e.g. pennisetum spp.) 
can give better results. 

5. Layout and construction procedures

Planting technique: Planting techniques slightly vary with different forms of planting material. While the use of seed allows 
flexibility of broadcasting and line/row planting, the use of vegetative forms of planting materials limits the techniques to 
line/row planting. The planting technique should always ensure good soil-seed/seedling contact.

6. Period of implementation

Time of planting: Seedbed preparation before beginning of rains. Planting should be carried out at the onset of rainfall, 
when the soil is not too wet or too dry. Early planting gives the vegetation an opportunity of getting more rain and better 
establishment and survival.

7. Management and Utilization

Discontinuity in the seedlings/splits should be avoided by replanting the gaps created due to failure of seedlings. Pasture 
species could be sensitive to weed infestation at the beginning and could seriously affect the effectiveness of the GSs in 
controlling soil erosion.  Therefore, attention should be given to the control of weed infestation during the initial phase.  
Moreover, the interference of livestock should be strictly controlled.  After the GS is well established, the vegetation in the 
strip can be harvested and used for livestock.

However, it is advisable to allow the grass to grow for the first two main growing seasons without any interference (cutting) 
to enable the grass to accumulate enough energy reserves.  After this period, the grass can be harvested and made into 
hay or directly fed to livestock at any time when there is enough biomass to be harvested.  However, the appropriate time 
of cutting (especially, for grasses) is just at heading, when the combined benefit of herbage yield and nutritive value is 
optimum. Cutting of the grass should be at about 10cm height above the ground.  Too frequent or too low cutting may 
affect persistence of the grass, as it may cause die back. 
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1. Name of the technology: Grass Strip

2. General description

GS are narrow strips of naturally growing or planted grasses laid 
out on the contour or graded line. The width of the GS mainly 
depends on the density of the grass (vegetation) in the strip.  When 
the line of grass is continuous and close, it does not allow much soil 
to pass through, thus, the soil is filtered out and deposited behind/
in the upper slope of the strip.  In this case, the width of the strip can 
be narrow.  But if the plants in the strip are sparse and do not allow 
major deposition above the strips, the process of filtration and 
deposition of the soil particles would be graduated and take place 
throughout the width of the stripes. In this case, wider stripes allow 
more deposition of soil particles and more effective in controlling 
soil loss by runoff. 

It is always preferable to use narrow strips to economize the land and other resources provided the narrow strips are 
effective enough to control soil loss. In the high potential perennial cropping areas, the condition is favorable for fast and 
vigorous vegetation growth and hence for the formation of dense and effective GSs. In this type of climate, narrow GSs (not 
wider than 50cm) could be effective for erosion control. However, in semi arid areas, the narrow GSs (e.g. 50cm wide) may 
not be applicable to effectively control erosion. Thus it is advisable to use the wider (1m) level GS where the technology is 
applicable. 1mVI is followed to layout and establish the GSs.

3. Geographical extent of use
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vegetation but can also be applicable in drier areas in combination with physical soil and water conservation measures. 
Likewise, the technology could also be applicable to dry areas where supplementary irrigation and systematic in-situ 
moisture conservation is practiced.

4. Technical design requirements

Forms of planting material: There are various forms of planting material used for the establishment of vegetative barriers. 
The planting material can be seed or vegetative forms (e.g. seedlings, root splits, stem cuttings, etc). The vegetative forms 
like seedlings, root splits and stem cuttings are in growing process; they have more energy reserves and/or growing organs 
for better establishment and survival when planted out in the field. Suitable species: Grass species should be perennial and 
persistent, compete with and suppress weeds, provide good ground cover, provide physical impediment to flow and hence 
conserve the soil and moisture. They should have multiple values like fodder, in addition to soil and moisture conservation. 
The grass species suitable for grass stripes are as follows: In low rainfall areas grasses like vetiver, Sudan grass and other 
local grasses can be used whereas, in high rainfall areas; phalarisaqatica, Vetiver and local grass (e.g. pennisetum spp.) 
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strip can be harvested and used for livestock.
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to enable the grass to accumulate enough energy reserves.  After this period, the grass can be harvested and made into 
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optimum. Cutting of the grass should be at about 10cm height above the ground.  Too frequent or too low cutting may 
affect persistence of the grass, as it may cause die back. 
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1. Name of the technology:  Hedgerow planting

2. General description

Hedgerows can be defined as narrow rows of dense vegetation with sufficient height above the ground.  Hedgerow can be 
formed from grasses or shrubs.  Therefore, hedgerows can be called: hedgerows of grasses, hedgerows of shrubs/trees, or 
specifically, hedgerows of Leucaena, hedgerows of Sesbania, hedgerows of Vetiver grass, etc.

When tall grasses are planted in close spacing in line/row, 
they form hedges that can be barrier to animals, wind, runoff 
or other forces the hedge is intended to prevent.  This hedge 
can, therefore, be termed as hedgerows of grass. Vegetative 
hedges are effective in filtering out the soil and build up natural 
terraces.  If hedges are placed along the contour at correct 
vertical interval and dense enough to filter out the soil particles, 
far more land on steep slopes can be safely brought under 
cultivation.  

Elephant grass and Vetiver grass are suitable species for the 
establishment of hedgerows of grasses. Leguminous species 
like Sesbania and pigeon pea can be used to establish a good 
hedge. Trimming the hedges to a height of 30-50cm prevents 
them from seeding, makes them thicken up, and thereby 
increases their effectiveness in filtering out soil particles.

  Vetiver grass hedges established within maize farm

1. Name of the technology: Stabilization of physical structures

2. General description

All physical structures including bunds/terraces, moisture harvesting structures, ponds, cut-off drains, waterways and 
various structures installed in gullies need to be stabilized with vegetative measures to ensure their sustainability and 
enhance productivity.  The vegetation cover prevents the often-happening destruction of the structures by cattle and other 
animals.  Likewise, rainfall and runoff together with other mechanical actions can destroy these structures when they are 
not protected by vegetation. Structural stabilization also saves labor and time required for the maintenance of broken 
structures, thereby increasing the efficiency of rehabilitation program.  Further, it can intensify/maximize productivity of 
the land.  The introduction of productive species on these structures, in addition to stabilizing and hence protecting the 
structures against erosion, will provide harvestable material for fuel, livestock feed, manuring, and composting.

8. Benefits and acceptability

Advantages: GSs cause less interference to farm operations than other structural measures. They can easily be crossed by 
oxen and do not pose difficulties in turning around. Moreover, GSs also take up less land and hence economize the land 
for crop production. Cost of construction and maintenance is much lower than the physical measures. Farmers can harvest 
substantial amount of fodder from GSs.
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1. Name of the technology:   Mulching and crop residue management

2. General description

Mulching is the covering of the soil with crop residues such 
as straw, maize or sorghum stalks or standing stubble. 
The cover protects the soil from raindrop impact and 
reduces the velocity of runoff. Maintaining crop residues 
or mulches on the farm controls effectively soil erosion 
and has considerable potential for the restoration and 
maintenance of soil fertility.

3. Geographical extent of use

In almost every part of the Region/country, agro-ecology 
and soils where cropping is practiced. It is more applied in 
moisture deficit areas than in high rainfall areas to maximize 
the availability of soil moisture to plants. It is applied in 
several areas around high value cash crops such as fruit 
trees, coffee, etc. For cultivated areas, suitable mostly on 
plots around homesteads and with good soils. Mulching 
is strongly recommended for tree planting using trenches 
and similar structures. This technology is not suitable in 
areas where both excess dryness or cold slow down the 
breakdown of residues. In dry areas crop residues can be 
easily decomposed by termites. In this case planted crops 
should be termite resistant during growth period.

4. Technical design requirements

Forms of planting material: There are various forms of planting material used for the establishment of vegetative barriers. 
The planting material can be seed or vegetative forms (e.g. seedlings, root splits, stem cuttings, etc). The vegetative forms 
like seedlings, root splits and stem cuttings are in growing process; they have more energy reserves and/or growing organs 
for better establishment and survival when planted out in the field. Suitable species: Grass species should be perennial and 
persistent, compete with and suppress weeds, provide good ground cover, provide physical impediment to flow and hence 
conserve the soil and moisture. They should have multiple values like fodder, in addition to soil and moisture conservation. 
The grass species suitable for grass stripes are as follows: In low rainfall areas grasses like vetiver, Sudan grass and other 
local grasses can be used whereas, in high rainfall areas; phalarisaqatica, Vetiver and local grass (e.g. pennisetum spp.) 
can give better results. 

5. Layout and construction procedures: 

i) For the surface mulching it is recommended to scatter 
the residues over the whole surface in a 2-5 cm thick layer. 
At least 40% cover is recommended to reduce erosion by 
60-70% based on slopes and type of soils; ii) For vertical 
mulching it is useful to open shallow furrows every 2-6 
m, 20 cm deep and along the contours. Then straws or 
mulch is buried with 20 cm of height standing over the 
soil surface. In addition to reducing runoff it substantially 
increases water intake around the mulch area and nearby 
crops. This operation should be done 40-50 days before 
sowing crops. Vertical mulch is well integrated with bunds 
and ripping (mulched lines along contour ripped areas); 
iii) For mulching fruit/perennial trees on structures such as 
trenches, eyebrows, etc., in a thick layer first around the 
planted pit and then if materials are sufficient inside the 
water collection ditches.

Mulch incorporated in the tillage/cultivation operation

6. Period of implementation across season

Whenever that biomass is available and ready for use.

7. Planning and mobilization requirements

No significant planning and mobilization as such
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8. Cost elements and work norm

Crop residues, crop stalks and leys can be used at the end of their cycle. Another possibility is to bring such grass and 
roughage from hillside closures. Working norm for mulching of trenches / eyebrow basins / herring bones, trenches, and 
others is as 1 PD/50 structures per day. For surface and vertical mulching the norm is estimated as 250PD/ha mulched.

9. Management and maintenance

Integration naturally occurs with different sort of contour bunds and moisture conservation systems. In open fields need 
to be integrated with compost making and physical structures. On slopes > 5%, in closures, integrated with compost or 
manure applications to planting pits.

10. Benefits and acceptability

1) The first and most effective benefit of mulching is to minimize erosion. A crop residue covering the ground intercepts 
rain drop impact preventing splash erosion, covers the soil from wind energy, slows down the water flows and increases the 
infiltration rate. 2) Mulching also helps in reducing evaporation and in maintaining soil moisture. In order to sustain supply 
of nutrients, the soil organic matter content should be maintained at optimum level at all times by a continuous supply of 
mulches/ green manures or by maintenance of crop stubble on the ground. 3) The second major advantage of mulching /
crop residue management is the maintenance or improvement of soil organic matter.  It also encourages insects and worms 
to make holes into the ground, thus increasing the permeability of the soil. A continuous mulching and/or crop residue 
management practice leads to a gradual build up of soil organic matter and hence fertility of the soil.

11. Limitation

The mulch material is competed between its use for mulch and other comparative advantages such as livestock fodder, 
firewood, and house construction. Mulching may encounter some shortcomings under certain circumstances. Mulches 
may harbor diseases which can affect the main crop later (e.g. maize/sorghum stalk borer).
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Zero Tillage: Is a tillage practice in which land remains untilled before planting, but planting furrow or hole is opened at 
planting time. Zero tillage is an extreme form of minimum tillage. Zero tilled soils are homogenous in structure with more 
number of earthworms hence the organic matter content increases due to less mineralization. Surface runoff is reduced 
due to the presence of mulch. The favorable effects of zero tillage on soil physical properties are apparent after two years 
of its practice. Higher dose of nitrogen has to be applied, as mineralization of organic matter is slow in zero tillage. Large 
population of perennial weeds appears in zero tilled plots. Higher number of volunteer plants and build up of pests are the 
other problems.

Minimum Tillage: Minimum/reduced tillage is a tillage practice in which the least possible tillage operation is performed to 
break up hard pans/compacted layers and hence to increase infiltration/water storage capacity of the soil and to minimize 
resistance to root development. Minimum tillage is aimed at reducing tillage to the minimum necessary for ensuring a 
good seedbed, rapid germination, a satisfactory stand and favorable growing conditions. Minimum tillage has certain 
advantages like, improved soil conditions due to decomposition of plant residues in situ, higher infiltration caused by the 
vegetation present on the soil and channels formed by the decomposition of dead roots; less resistance to root growth due 
to improved soil structure; less soil compaction by the reduced movement of heavy tillage equipments and less soil erosion 
compared to conventional tillage.

5. Layout and construction procedures

i)	Cultural	practice	of	ploughing	several	times	with	the	traditional	‘Maresha’	with	oxen	or	farm	power	is	well	established	and	
would not easily change;
ii) During the development stage of conservation technology, intensified training to the community and development agents 
on conservation tillage will improve the knowledge base and adoptability of the new technology - this activity might take 
two to three years; and
iii) The crop residue left on the surface of the land should be protected from grazing animals if it is hoped to bring the 
benefits intended.

6. Period of implementation across season

In all cases plant early to mid-June i.e. the onset of the rains both to avoid moisture loss and early establishment of soil 
cover by the crop.

1. Name of the technology: Conservation Tillage

2. General description

It is a tillage practice aimed at creating favorable soil 
environment for germination, establishment and plant growth 
with minimum mechanical soil disturbance. Tillage operations 
can loosen, granulate or crush or compact soil structure, 
changing soil properties such as bulk density and pore size and 
its distribution. Conservation tillage is therefore, designed to 
avoid the tillage operations that destroy soil structure entailing 
problems of surface sealing and soil compaction with ultimate 
effect of ecological and economic short falls.  The ultimate goal 
is to reduce soil nutrient and moisture losses. There are several 
objectives of tillage of which the most important are suitable 
seedbed preparation, weed control, soil water conservation, 
improvement of soil structure, soil permeability, soil aeration, 
root regeneration, destruction of pests, soil inversion etc.

3. Geographical extent of use

IConservation tillage, including reduced and zero tillage practices, is proposed as one of the most promising means of 
reducing soil erosion and stabilizing crop yields in the rainfed farming systems of sub-Saharan Africa.

4. Technical design requirements

Good seedbed is necessary for early seed germination and initial good stand of the crop. The seedbed should be fine 
for small seeded crops and moderate for big seeded crops. Intimate contacts between the soil particles are necessary to 
facilitate movement of water for quicker germination. Weed control is an important object of tillage. Proper tillage results in 
soil and moisture conservation through higher infiltration reduced runoff and increased depth of soil for moisture storage. 
When the compact soil is ploughed, it becomes fluffy and can hold more amount of water. Removal of hard pans increases 
the soil depth for water absorption. Surface roughness and furrow disks slow down the velocity of runoff and proved more 
opportune time for infiltration of water. The various kinds of conservation tillage practices are described below. There are 
two types of conservation tillage techniques:
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7. Planning and mobilization requirements

One of the major strategies of conservation tillage is sowing of crops during the start of the rains to capture even the early 
rains by the crops. In most cases this could not be done because farmers’ fields are not protected from the grazing animals. 
The bylaws by the community sets the days of controlling animal grazing starting in the mid of the main rainy season. 
Introduction of conservation tillage will require revisiting this sort of bylaws in place.

8. Cost elements and work norm

Conservation tillage entails a reduction in soil manipulation, thereby minimizing the energy required for tillage and the 
retention of some crop residues on the soil surface even during seeding operations. It has also been found that the straw 
enhances the formation of organic matter, which can store water better but also improves the nutrient availability for crops 
to be grown on that land. It can be used for different soils and various agro-ecological zones. The adoption of conservation 
tillage would mean substantial  reduction of draft power - this should lead to less animal feed requirement and pressure 
on the land.

11. Limitation

There are certain disadvantages of minimum tillage, which are not insurmountable. Seed germination is lower with minimum 
tillage. In minimum tillage more nitrogen has to be added, as rate of decomposition of organic matter is slow. Nodulation 
is affected in some leguminous crops like peas and broad beans. Reduced tillage entails the minimum manipulation of 
the soil, about 3-4 cm soil depth, for planting crops while zero tillage uses direct planting without any soil disturbance with 
herbicides use. Leaving at least a fifth of the crop residue at harvest for soil cover will be required in both the minimum as 
well as the zero till systems.
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10. Forestry and Agroforestry Measures
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General:

As the term suggests, agroforestry combines agriculture and forestry. This definition oversimplifies 
the wide range of practices that fall within the scope of agroforestry, however. Agroforestry can 
also involve the disciplines of horticulture, range management, urban or regional planning and 
wildlife management. 

Because of the wide range of benefits provided by adding trees and shrubs to the landscape, 
agroforestry practices may be used by farmers, ranchers, city planners, park and recreation 
managers, landscapers and engineers. Agroforestry uses trees and shrubs to add value to the 
landscape, whether that landscape is a field of grain crops, a vegetable garden, a highway right-
of-way or an urban area. Producers benefit through reduced costs, higher incomes, improved 
wildlife habitat and increased land values. 

Trees and shrubs provide commercially valuable products. From trees we get lumber, paper and 
firewood. Both trees and shrubs produce fruits, nuts and woody floral products. These are only a 
few of the products agroforestry can provide, and these products have many uses. Agroforestry 
seeks to combine the economic value gained from these tangible products with values that are 
harder to quantify, such as improved water quality, environmental health and natural beauty.

Management of trees in agro-forestry

Pollarding: Pollarding is the cutting back of the crown of the tree at a height of 2 m or more from 
the ground.

Lopping: Lopping is a practice of cutting one or more branches of a standing tree, for example, 
for fuel or fodder.

Pruning: Pruning is the removal of live or dead branches or multiple leaders from the standing tree 
for the improvement of the tree or its timber.

Some of the forestry/agro-forestry techniques included as toolkits here are:

1. Agroforestry
2. Alley Cropping
3. Management of Scattered Trees on Farmlands
4. Trees on Pastures / Grazing Land
5. Live Fences or Hedges
6. Seed Collection
7. Nursery establishment/seedling production
8. Woodlot/community plantations
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1. Name of the technology:  Agroforestry

2. General description

As the term suggests, agroforestry combines agriculture and forestry. This definition oversimplifies the wide range of 
practices that fall within the scope of agroforestry, however. Agroforestry can also involve the disciplines of horticulture, 
range management, urban or regional planning and wildlife management. 

Because of the wide range of benefits provided by adding trees and shrubs to the landscape, agroforestry practices may 
be used by farmers, ranchers, city planners, park and recreation managers, landscapers and engineers. Agroforestry uses 
trees and shrubs to add value to the landscape, whether that landscape is a field of grain crops, a vegetable garden, a 
highway right-of-way or an urban area. Producers benefit through reduced costs, higher incomes, improved wildlife habitat 
and increased land values. 

Trees and shrubs provide commercially valuable products. From trees we get lumber, paper and firewood. Both trees and 
shrubs produce fruits, nuts and woody floral products. These are only a few of the products agroforestry can provide, and 
these products have many uses. Agroforestry seeks to combine the economic value gained from these tangible products 
with values that are harder to quantify, such as improved water quality, environmental health and natural beauty.

3. Management and maintenance

Management of trees in agro-forestry
Woody perennials usually have well structured and strengthened rooting and branching systems as compared to other 
adjoining systems, as a result, the negative influence comes from tree and shrubs. To maintain healthy co-existence among 
integrated crops of a given land use system the following tending operations need to be practiced in an agroforestry system.

Pollarding:
Pollarding is the cutting back of the crown of the tree at a height of 2 m or more from the ground. The main purpose of 
pollarding is to harvest the branches or leaves and to stimulate the growth of a new, well-formed productive crown at a 
height where livestock cannot reach the new shoots. Pollarding occurs when the adjoining crop is in its pick growing period 
and hence helps the adjoining crop by removing the shading effect. It is usually practiced in Agri-silvi-culture and agri- silvi-
pasture systems.
The entire crown of the tree is cut. The branches and twigs can be laid on the ground and left for one week. They can then 
be shaken to remove the leaves and small twigs and used as fuel wood or poles. Not all species can withstand pollarding. 
Some commonly pollarded species are: Balanites aegyptiaca, Erythrina abyssinica, Faidherbia albida, Ficus sycomorus, 
Grevillea robusta, Jacaranda mimosifolia, Morus alba, etc.
 Lopping:
Lopping is a practice of cutting one or more branches of a standing tree, for example, for fuel or fodder. It is a technique 
used to collect fodder for animals by cutting side branches, not the main stem. Animals can be allowed to eat the lopped 
branches of the tree, or they can be carried to the animals as in a zero-grazing system. It is removal of portion of branches 
of woody perennial.

Pruning: Pruning is the removal of live or dead branches or 
multiple leaders from the standing tree for the improvement 
of the tree or its timber. Some tree species undergo natural 
pruning where by the branches will die or shed. Whereas, 
most conifers don't naturally prune, hence artificial pruning 
is vital:

•	 In	free	grazing	areas	branches	which	are	beyond	the	 
     reach of the animals are pruned. It enables farmers to  
     provide fodder depending on the need. 
•	 Pruning	is	practiced	in	all	agroforestry	systems.
•	 Its	function	is	to	maximize	term	growth,	facilitate	 
     access to a passerby, and reduce competition for light  
     and moisture against adjoining crops.
•	 It	is	better	practiced	when	the	branch	basal	diameter	is	 
     no exceeding l inch.
•	 Pruning	cuts	are	close	to	the	stem	and	it	is	worth	doing	 
     for quality tree species.

Pruning is the removal of the lower branches of a tree. It is 
mainly done to fulfill the following:
•	 Reduce	shade	on	the	agricultural	crop;
•	 Harvest	the	branches	for	fodder,	fuel	wood,	etc.;
•	 Allow	passage	through	a	woodlot;
•	 Production	of	knot	-	free	timber;
•	 Prevention	of	dead	knots;

•	 For	the	production	of	poles	free	of		irregularities	 
     especially for transmission poles;
•	 Removal	of	dead,	broken	or	diseased	branches	to	 
     prevent entry of rot in to the stem; and
•	 Correction	of	the	form	of	the	stem	by	removing	multiple	 
     leaders; and improvement of appearance of the tree
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1. Name of the technology:  Agroforestry

2. General description

As the term suggests, agroforestry combines agriculture and forestry. This definition oversimplifies the wide range of 
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highway right-of-way or an urban area. Producers benefit through reduced costs, higher incomes, improved wildlife habitat 
and increased land values. 
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integrated crops of a given land use system the following tending operations need to be practiced in an agroforestry system.
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     no exceeding l inch.
•	 Pruning	cuts	are	close	to	the	stem	and	it	is	worth	doing	 
     for quality tree species.

Pruning is the removal of the lower branches of a tree. It is 
mainly done to fulfill the following:
•	 Reduce	shade	on	the	agricultural	crop;
•	 Harvest	the	branches	for	fodder,	fuel	wood,	etc.;
•	 Allow	passage	through	a	woodlot;
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     especially for transmission poles;
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     prevent entry of rot in to the stem; and
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     leaders; and improvement of appearance of the tree

115

Pruning should be done before planting the crop or during the cropping season when the trees have a shading effect on the 
crops. When pruning a branch, make the cut at an angle in order to allow rain water to drain away from the cut surface and 
therefore reduce the possibility of fungal attack. Trees for timber and pole production should be pruned close to the stem. 
Thinning: 

Thinning is the process of removing part of a standing crop to allow the remaining trees to grow at their optimum rate 
to reach the required size by the object of management for the crop within the period of rotation. Thinning is a planned 
operation where closely planted trees are selectively cut. This requires the removal of about one-third of the trees leaving 
the best ones evenly spaced.

In stands where trees are densely planted, thinning will occur naturally, but if active thinning is done the growth of the 
remaining trees will be promoted. The thinned stems can be used on the farm or sold; therefore thinning can be a profitable 
operation. Thinning can also be carried out for silvicultural reasons, for instance to salvage dying or diseased trees. 
Thinning out diseased trees reduces the risk of disease spreading to the rest of the stand.

Coppice management:
Coppicing is the cutting back of a tree to stimulate production of new shoots. When carrying out coppicing the following 
are the steps:
•	 The	cut	should	be	clean,	slanting	and	at	about	10-30	cm	above	ground	level;
•	 The	bark	of	the	stump	should	not	be	damaged;
•	 Preferably	coppicing	should	not	be	done	during	the	rainy	season;
•	 This	may	increase	fungal	infection,	and	many	timber	trees,	sprout	prolifically	if	cut	during	the	hot	dry	season	just	before	
the onset of the rains;
•	 When	the	shoots	are	about	a	meter	tall,	all	except	the	best	one	should	be	removed	to	reduce	competition;
•	 Slash	the	grass	to	avoid	uncontrolled	fire	in	the	area	under	coppice	management;	and
•	 Carry	out	early	burning	(May-June)	outside	the	area	under	coppice	management.
Not all trees coppice. For instance pine and cypress trees do not. Some trees that can be coppiced are: Eucalyptus spp., 
Gmelina arborea, Leucaena leucocephala, Syzygium guineense).

Some examples of tree management and tendering practices

4. Benefits and acceptability

Benefits of agroforestry are: diversify farm enterprise, reduce erosion, improve water quality, protect crops, enhance wildlife 
and improve aesthetics. Further:
•	 Protect	topsoil,	crops,	animals	and	people;	
•	 Increase	productivity	of	crops;	
•	 Reduce	chemical,	physical	and	biological	energy	inputs;	
•	 Increase	water-use	efficiency	of	plants	and	animals;	
•	 Improve	water	quality;	
•	 Diversify	local	and	regional	economies;	and
•	 Enhance	biodiversity	and	landscape	heterogeneity
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1. Name of the technology: Alley cropping

2. General description

Alley cropping is broadly defined as the planting of two or more sets of single or multiple rows of trees or shrubs at wide 
spacing, creating alley ways within which agricultural, horticultural, or forage crops are cultivated. The trees may include 
valuable hardwood species, or trees desirable for wood products. This approach is sometimes called intercropping and 
multi-cropping. Alley cropping provides the opportunity to grow wood or other tree products while providing an annual 
income through the production of companion crops. Alley cropping diversifies farm enterprises by providing short-term cash 
flow from annual crops while also providing medium to long-term products from the trees. Timber and non-timber products 
may contribute to income generation from the farm. In addition to the potential for producing fruits, well-managed timber 
can provide a long-term investment.

Alley cropping protects fragile soils through a network of roots 
produced by the trees and supplemental ground-cover resulting 
from fallen leaves and the companion crop. Rows of trees, 
shrubs, and/or grasses planted on the contour of a slope will 
also serve to reduce soil movement down the slope. Trees and 
shrubs improve crop production by slowing wind speed hence 
reducing wind erosion and modifying the crop microclimate 
with similar effects to that of windbreaks. Alley cropping can 
reduce crop evapo-transpiration and increase water content 
in the tillage layer. Deep tree roots transport soil nutrients to 
leaves. Leaves contribute organic matter to soil and release 
nutrients as they decompose.

Soyabeans are planted in the alleyways between trees

3. Layout and construction procedures:

Alley Cropping involves linear plantings of trees and shrubs in 
agricultural fields. The plantings in alley cropping are planted 
closer together than the linear plantings of windbreaks. Alley 
cropping mixes trees and crops on a smaller scale to provide 
a sheltered environment for high-value food and forage 
crops.   
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a sheltered environment for high-value food and forage 
crops.   

117

Faidherbia albida is suitable for intercropping with food crops and can grow to a large extent in low rainfall areas. Unlike 
other trees, it has leaves in the dry season and drops them gradually in the rainy season. Thus, there is limited shading of the 
crops during the rainy season, and it provides both fodder and shade for livestock in the dry season. The leaves which fall 
at the start of the rainy season are a rich source of nutrients that improve soils and crops. Cattle also benefit from the pods 
which ripen and drop (up to 150 kg per tree). Cattle eat the fruit, enjoy the shade and drop their manure under the tree, 
which helps to add nutrients and humus to the soil. Because of the nutrients supplied by the leaves and the cattle manure, 
it has been reported that crops grown adjacent to these trees can give up to 60% increase in yields as compared with crops 
grown further away from the tree.

Establishment: Trees can be established in cropland by direct seeding, seedlings and cutting, depending on the species. However, 
the most convenient method is to leave desirable trees when clearing land for agriculture, or if they are too few, to protect 
naturally growing seedlings, suckers or coppice shoots.

Spacing: The trees may be scattered or spaced systematically. In the maize-sorghum-based cropping system, the tree density 
ranges from 2 to 40 trees per hectare. Young seedlings should be established at the spacing of 10 x 10 m2 up to 12 x 12 m2 
for Faidherbia albida and other species with a large tree canopy. Spacing is determined by the size of the trees when they are 
mature in order to fit them into cropland with minimum negative interference with crop cultivation and production. Preferably, 
trees growing in cropland should be beneficial to crop growth.

Tall crops like maize should be planted at least 1 m away from the tree seedlings to reduce competition while the trees are young 
and to reduce damage during harvesting. When trees with dense shade mature, they will compete with light demanding crops, 
and it is better not to plant crops under these tree canopies. 

Not all trees/shrubs can be used in agro-forestry systems. As a 
general rule, a good agroforestry species should have several 
of the following characteristics:
a) Multipurpose: fuelwood, fodder, poles, timber, green  
     manure, etc.
b) Fast growing
c) Deep rooted, and narrow root zone 
d) Few negative effects on crops (non-competitive)

e) Coppicing (the ability to grow back after cutting)
f) Nutritious and palatable leaves for livestock feed
g) Nitrogen fixing
h) Produce economic products and by-products which can be  
     used or sold (fruit, poles, etc)
i) Light canopy to allow sunlight penetration

In general, such characteristics accompanied by a good management, provide a positive interaction between the trees/shrubs 
and their associated food crops and livestock. The specific desired effects will depend upon the demands of the individual farmer.

4. Benefits of trees in cropland

Generally, the benefits that may be obtained by having 
trees in the fields are: i) Improved soil fertility by converting 
atmospheric nitrogen to a form usable by plants and the 
decomposition of leaves and other residues to organic 
matter; 

i) Reduction of soil erosion because leaf litter acts as mulch, 
conserves soil moisture, improves water infiltration and 
suppresses weeds; iii) Provision of fodder for livestock; iv) 
Provision of poles and timber; v) Provision of fuel wood 
and medicine; and vi) Improvement of the microclimate on 
cropped land.

1. Name of the technology: Management of scattered trees on farmlands

2. General description

Trees may be dispersed widely, either spaced systematically 
in a grid or scattered at random. The practice may be based 
on protection and management of selected matured trees 
already on site. It may involve planting new trees or it may 
depend upon careful management of seedlings established 
on site through natural regeneration.

3. Layout and construction procedures:

Spacing and species choices depend on the characteristics 
of species and objectives of planting. However, trees growing 
in cropland should compete minimally or not at all with 
crops and if possible should contribute to crop growth. The 
number of trees, however, should not exceed 100 plants per 
hectare. Some farmers retain existing trees and sometimes 
plant trees in their cultivated fields for a variety of reasons, 
e.g. production of fruits, fuel wood or medicine, or other 
functions such as soil improvement, shade and various 
cultural uses. Recommended species: Some of the common 
tree species that are suitable for cropped lands are: Acacia 
polyacantha: Faidherbia albida, Mangifera indica,  Ziziphus 
mauritiana: Faidherbia albida. See Picture at the right.   
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1. Name of the technology: Trees on pastures / grazing land

2. General description

These are also called parkland systems. Trees grow on range land, in an open, mixed spatial system. The trees are usually 
natural and randomly distributed. The trees provide shelter for grazing animals and often influence the soil and growth of 
grass beneath them.

This system is called a silvo-pasture where tree or shrub 
crops are grown in combination with pastures. The silivo-
pasture practice can enhance and diversify farm income 
opportunities, provide environmental benefits and create 
a wild life habitat if properly applied on a landscape. The 
expected outcome is that silvo-pastoral practices improve the 
productivity of the grazing animal, the quality and diversity 
of forage available to the grazing animal and wildlife, and 
effectively interpose timber stand improvement across a wide 
array of forested land.

The objective of employing silvo-pastoral practices is to 
integrate trees, forage, and grazing herbivores for a production 
benefit. It is important to note that allowing livestock to graze 
in a natural woodland area without any type of tree or forage 
management is NOT considered agroforestry. This can be 
undertaken in two ways:  establishing trees in pasture areas 
and or establishing forage in the wood lands. Both ways 
contribute for grazing and timber production. Cattle grazing in a well managed silvo-pasture system

1. Name of the technology: Live fences or hedges

2. General description

Living fence can be developed from bigger cutting or seeds. It is living walls of vegetation from livestock enclosures and 
pathways to protect croplands and pasture from moving animals (both domestic and wild). The purpose of living fences 
may vary. Perhaps most often, trees are planted to keep out domestic or wild animals. In other cases, they may demarcate 
areas where general access is discouraged, such as around a home compound, house, cropland, fodder lot garden or 
orchard. Living fences may also form livestock driveways and enclosures or separate fields which are in different rotation of 
crops or pasture management.

Living fences typically include plants, which can be grown from large cuttings such as Euphorbia tirucalli as they grow, the 
plants are trimmed and for some species, the branches are woven around the stems to form a thick dense barrier.
The basic design of a living fence is simple. Trees or shrubs are planted at 30-90 cm intervals in one or more rows, straight 
or in zigzag along the intended fence line. These are barriers of closely spaced trees or shrubs to protect crops or structures 
against livestock and human interference. Live fences may be semi-permanent or permanent. Land-use patterns throughout 
the year should be considered before introducing a live fence. Live fences can be combined with other trees for production 
of wood and fruits.

3. Layout and construction procedures:

Fencing of fields, fodder banks, woodlots, paddocks and around homesteads makes improved management practices 
possible. With a fenced field, the farmer can improve his management of crop residues, pastures, trees, fallows, etc., by 
regulating access of livestock and people. Fencing and controlled grazing are the only ways that s/he and his/her cattle can 
benefit from such improved farming practices.

The use of live fences is a cheap method of fencing large 
areas b/c once the live fences become established they 
are permanent. Their establishment requires no expensive 
materials to be purchased and they are easy to maintain. 
Living fences may also give produce, e.g. fruits. The species 
which are to be used for live fencing should fulfill the 
following:

•	 Able	to	keep	off	livestock	(thorny	and/or	densely	 
     branched);
•	 Easy	to	establish	and	maintain
•	 Able	to	withstand	temporary	water	logging/moisture	 
     scarcity 
•	 Resistant	to	fire
•	 Able	to	provide	useful	by-products.	

The following species are suitable for live fencing. Some of them are already being used by farmers for fencing their gardens 
and homesteads: Euphorbia abysinica, Euphorbia tirucalli, Opuntia spps., Ricinus communis, Ziziphus abyssinica, Acacia 
polyacantha, Acacia albida, Psidium guava, Erythrina abyssinica (Korch), Balanites aegyptiaca and Jatropha curcas.
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1. Name of the technology: Seed collection

2. General description

The most important and core issue in seedling production and hence for successful planting operation is the possibility 
of getting/collecting quality seeds. In any stand of trees of the same species, whether in natural forest or plantation, the 
individual trees often appear different in many respects, for example, vigor, health, stem form, branch size, fruit, fodder 
or resin production. When we wish to produce more trees of the same species, we aim to use plants that have the best 
characteristics in respect of the product we want. To achieve this, we must collect seeds from trees which show one or more 
of the desired characteristics.

3. Geographical extent of use

Seed quality: Good parent trees are important because the seedlings will be similar to the trees from which seed has 
been collected. Big, straight and vigorously growing trees will normally give straight and vigorously growing seedlings. 
Which characteristics to look for in parent trees will depend on the purpose of the plantation, however, straight plants are 
important for construction wood or timber. For fuel wood production, fast growth and ready coppicing matter more. Ample 
leaf production and good regeneration after browsing or pruning are essential in fodder trees and shrubs. 

4. Technical design requirements

Determining the Amount of Seed Required: The amount of seed required depends on the number of seedlings needed for 
planting and the capacity of the seed to germinate and grow into a healthy seedling. The latter is known as the "germination 
rate" or "plant per cent" and is usually indicated on seed tags when seeds are obtained from distributors. Otherwise, the 
forest service or other projects will have rough figures from their experience. One can then calculate the amount of seed 
in kg as:
														Amount	=	125	x		N	+	E
                                      PW
Where	N	=	no.	of	seedlings	required	for	planting
	 	P	=	germination	rate	or	plant	per	cent
	 	W=	no.	of	seeds	per	kg	
	 125	=	a	factor	that	adds	a	25	per	cent	reserve
	 E	=	an	extra	quantity	if	some	of	the	seeds	are	not	good	(purity).

For collection of seeds, a lot of alternative 
techniques could be applied. In each case the 
choice of method depends on many factors, 
for example type of fruit, kind of tree, stand and 
site characteristics, amounts to be collected, 
available equipment, safety, weather and, of 
course, the skills of the staff available. Some 
important points to remember when planning 
and carrying out collections. Four rules are 
important when locating seed trees and when 
collecting seed:
a) Any tree selected as a source must be  
     healthy and show vigorous growth.
b) Avoid collecting the earliest maturing  
    fruits or seeds or those that have fallen to  
     the ground. Such seeds are often damaged  
  by insects or are empty. If there is no  
  alternative, then check a representative  
    sample of seeds to see if they are viable.

c) In the case of fruit that have a soft moist pulp, do not collect those  
     that have become brown or black, or where the pulp has dried out or  
     become fermented.
d) Avoid collecting fruits or seeds that have come into contact with the  
   soil as this will often result in the seed being contaminated with  
     various fungi.

Example of calculation of seed requirement
Amount	(in	kg)	=	125	x		N		+		E;	For	species	A	planting	target	of	20	ha
                                PW
-   Planting density 2, 500 seedlings/ha 
-			number	of	plants	required	(N)	=	20	x	2,500	=	>	50,000	seedlings
-	 germination	rate	(p)	=	20%
-	 number	of	seeds	per	kg	(W)	=	70,000
-	 10%	will	get	damaged	during	storage	or	development	(E)=	10%
-	 amount	(in	kg)	including	25%	reserve	=
																													125	x	50,000	=			125x							50,000						=
                                 20x70,000                 1,400,000
																									125	x	15	=	125	x	0.0107	=	4.464	kg
                                1,400
4.464	kg	+	10%	=	4.464	+	0.446	=	4.910:	Say,	approximately	5kg.

5. Layout and construction procedures:

Extraction: The seed of most species can be extracted by sun-drying. The collected fruits are spread in thin layers on canvas, 
trays or the like exposed to the sun and stirred regularly until cones, pods or capsules open and release the seed. For 
species with fleshy fruit, the pulp has to be removed first. Chaff and seed can be separated by winnowing or by submersion 
in water. Good seed will usually sink to the bottom, while dull seeds, chaff and other impurities float. After separation, good 
seeds are thoroughly dried in the sun.

Storage: For most species, cool and dry storage in a dark place is best. Some species can be stored for several years 
without much loss of viability but some will lose the potential to germinate within a few months. Seed of leguminous species 
(those having pods like beans) can be stored for many years even at normal temperature.
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6. Period of implementation across season

Based on tree species. Divided into two phases: 1. Seed Collection; and 2. Dormancy, storage and treatment

7. Planning and mobilization requirements: 

The first step in good seed procurement practice is to obtain your seeds from well-identified locations and to make good 
records of the sources. The next step is to examine the quality of the seed source. There are a number of basic conditions 
that must be fulfilled if an area is to be considered as a seed source: 
•	 The	conditions	of	the	locality	of	the	seed	source	must	match	as	closely	as	possible	the	conditions	of	the	locality	where	 
       it is planned to plant the trees you will grow from the seeds. The trees must be sufficiently old and big so that the health,  
      vigor, flowering and quality of the product we are looking for can be satisfactorily evaluated.
•	 The	trees	must	be	healthy	and	vigorous.	The	appearance	of	the	trees	in	respect	of	the	end	use	(i.e.	timber,	fuel,	fodder,	 
     fruit, etc.) must not be inferior to trees of the same species found in other areas in the neighborhood.
•	 In	years	of	good	climatic	conditions	most	of	the	trees	in	the	area	must	flower	and	set	fruit.
•	 If	 they	do	not,	 the	genetic	and	physical	quality	of	 the	seeds	obtained	 is	not	 likely	 to	be	satisfactory.	 In	 the	case	of	 
     plantations, there must be confirmatory records of the health and vigor of the trees. If there is no information about the  
    origin of the trees in the plantation from which you plan to collect seed, then only use the source temporarily until a  
     better one can be located.
•	 In	the	case	of	naturally	occurring	stands,	the	location	must	provide	at	least	30	healthy	and	vigorous	trees,	or	groups	 
     of trees, spaced at approximately 100 m. Trees growing close together are assumed to be related, therefore it is better  
     to collect seeds from trees that are far apart which represent wider genetic variation.
•	 In	plantations	there	must	also	be	a	minimum	of	30	healthy	and	vigorous	trees.	However,	there	is	no	requirement	for	 
      a minimum spacing other than the spacing required for good crown development and good flower and fruit production.  
   In plantations, neighboring trees are assumed not to be closely related provided the seed from where the trees  
     originated were collected properly.
•	 If	collecting	seed	from	30	trees,	or	groups	of	 trees,	does	not	provide	a	sufficient	amount	of	seed,	and	then	do	the	 
     following: 
•	 In	plantations,	simply	increase	the	area	you	collect	from	until	the	demand	for	seed	is	met.	As	an	alternative,	other	areas	 
     may be located. In natural stands, collect from trees in between the 30 initially selected trees but make sure you collect  
     from specimens in all directions around the initial 30 trees. The source must be reasonably easy to reach with a vehicle.  
    Only if there is no other choice should an inaccessible location be chosen as a seed source.
•	 It	should	be	possible	to	protect	the	source	from	destruction	or	damage	such	as	by	browsing,	cutting	and	lopping	by	 
     humans, or fire.

Strategies like organizing landless people in seed 
collection, processing and marketing will enhance 
supply of local species. Successful raising and growing 
of trees depends on:
•	 the	right	kind	of	seed	(provenance)
•	 good	quality	
•	 sufficient	amount
•	 availability	at	the	right	time	

8. Cost elements and work norm

Tree seed collection: Work norm is 20 person days/kg. This includes: Selection of healthy and vigorous mother trees; 
Collection of tree seeds at proper time (not fresh, fallen or old); Removal from pods or cover (threshing), drying, and seed 
extraction and removal of impurities (cleaning), bagging and storing. Only exception is for Grevillea robusta for which the 
work norm is 60PD/kg of clean seeds.

9. Management and maintenance

Seed Quality: Good parent trees are important because the seedlings will be similar to the trees from which seed has 
been collected. Big, straight and vigorously growing trees will normally give straight and vigorously growing seedlings. 
Which characteristics to look for in parent trees will depend on the purpose of the plantation, however, straight plants are 
important for construction wood or timber. For fuel wood production, fast growth and ready coppicing matter more. Ample 
leaf production and good regeneration after browsing or pruning are essential in fodder trees and shrubs.

Small seeds have to be collected from the trees by picking or cutting branches. For species with heavy fruits which will fall 
close to the tree, it is also possible to collect from the ground, preferably by spreading large pieces of cloth under the tree. 
In the latter case, the first and last fruits which fall should not be collected because they are often dull or damaged.

10. Most common errors

1) The collection of seeds from small, crooked, unhealthy trees because this is easier. The seedlings are likely to have 
the same poor growth and liability of disease as the parent plants; and 2) Missing the right time for collection and then 
producing whatever species of seed is available rather than species selected for the sites and the purpose of the plantation.

   SEED CERTIFICATE   Name of institution ____________________ 
Species (botanical name) _________________Common name______________ 
Date of collection ___________________    Batch no. ______________ 
Country of origin ____________________ Area of origin __________ 
Detailed location: Latitude;   Longitude;__________Elevation___________ 
Site: Soil type _______________Drainage ________ Slope ____________ 
Stand: Age ______________ Mean height __________________ 
Diameter range _________Stem form__________ 
 Certified by: - ________________________ 
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   SEED CERTIFICATE   Name of institution ____________________ 
Species (botanical name) _________________Common name______________ 
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1. Name of the technology: Nursery establishment/seedling production

2. General description

Production of high-quality seedlings is a prerequisite for 
profitable forestry and agro-forestry. The cost of preparing 
and taking care of a plantation site is much higher than 
the cost of initial production of the seedlings in the nursery. 
Therefore, ensuring the production of maximum number 
of quality seedlings is a vital investment. The mission of 
nurseries should be to efficiently produce the maximum 
number of quality seedlings. If this mission is successfully 
implemented, it will help to attain maximum ecological and 
socio-economic benefits.

A nursery is an area where planting materials are produced 
under controlled conditions in order to have strong, healthy 
and hardy seedlings. It is especially important that the 
seedlings have a well-developed root system and are well 
hardened-off to maximize survival chances after planting. 
Seedlings are usually needed in large numbers and with 
good quality. It is therefore easier and cheaper to grow 
seedlings in one place (the nursery) and plant them only 
when they need less care and protection.

3. Parameters to be decided when establishing a nursery

A number of decisions need to be made when establishing a nursery; these are:the type of nursery to be established, the 
type of seedlings to be raised. the required production capacity of the nursery, selection of a suitable nursery site, estimation 
of equipment/material needs, possibilities of obtaining seed of good genetic quality, the existing potential to find the 
required quantity of seed and design and layout of the nursery. Nurseries can be classified according to their ownership 
as: State/government nurseries; Community/group nurseries and Private nurseries. It is also possible to classify nurseries 
according to the length of time in which they will be staying under production as: Temporary nurseries and Permanent 
nurseries.

4. Setting-up a nursery

There are several factors which should be considered when 
selecting a nursery site:
a) Factors important for seedling growth: Water (10 – 20 
    l/day/m2, free of salt), soil (workable soil), topography 
     (gentle: 2 – 5 %), materials (sand, gravel, humus, poles, 
     sticks, grass, etc) and availability of workforce.
b) Factors important for nursery management: Location 
      (close to the planting area), access (accessible at all times), 
   ownership of the site selected for a nursery (communal 
    land) and size which depend on the number of seedlings 
    required.

5. Layout and design of a nursery/seedling production site

•	 There	is	no	standard	layout	and/or	design	for	nursery,
•	 There	 are	 differences	 between	 sites	 (land	 availability,	
    sloppiness, access to water etc.) which determines the 
     design/layout,
•	 An	ideal	form	for	a	nursery	is	from	square	(by	which	the	
      expensive boundary fencing is kept in minimum) to slightly 
     rectangular (by which longer working lines are provided).
•	 When	determining	the	required	size	of	a	nursery:	the	area	
    needed for production (pot beds, seedbeds, and reserve 
   beds), for roads, paths, buildings, fences, wind breaks, 
     etc, and, an area for possible extension in the future may 
    also be desirable.



122

6. Basic facilities in a nursery

A nursery must have the following facilities: 
– Access road and paths, 
– Fencing, 
– Shelter for tools,
– Materials and workers, 
– A place for soil dump
– Seed bed area, 
– Pot beds ( 1m wide, 10 – 20 m length and 60 cm b/n 
beds) and seed beds 
– Shade  for young seedlings, 
– Composting area
–  Seed extraction area 
– Working shade, 
– Water supply facilities, 
– Windbreak, etc

7. Nursery equipment and hand tools 8. Seedling production

•	 For	working	with	the	soil:	Pickaxe,	traditional	hoe,	shovel,	
     flat-pronged fork, rake
•	 For	layout:	Tracing	line,	line	level,	rope,	mater	tape
•	 For	preparation	of	potting	soil:	Sieve,	funnel,	scoop,	pot	
     cutting roll
•	 For	watering:	watering	cane
•	 For	transporting	within	the	nursery:	Wheelbarrow
•	 For	 tending	of	 seedlings:	 Pruning	 knife,	 pruning	 shear,	
     machete, tools for weeding, tools for pricking out (small 
     shovel, spoon, flat piece of wood)

Seedlings can be grown in the nursery in 3 different ways
			•	 from	seed	in	plastic	pots
			•	 from	seed	as	bare	rooted
			•	 from	cuttings,	usually	as	bare	rooted
Each of the above seedling production systems have their 
own advantages and dis-advantages. Their application 
varies based on the availability of space in the nursery, 
existing resources, and characteristics of the planting site 
and nature of seedlings.

9. Care and tending of seedlings 10. Planting of seedlings

Care and tending of seedlings comprises of five activities:
– Watering (twice a day)
– Weeding
– Shading
– Prevention and control of pests and diseases
– Root (and possibly shoot) pruning
									•	 Shocking
									•	 Use	of	pruning	shear/knife
									•	 Use	wire	underneath

•	 The	final	success	of	forestry	operation	can	not	be	
     gained by nursery level activities only.
•	 Equal	focus	need	to	be	given	for	the	practices	required	
     at field level (during planting)
      – The choice of the planting site
      – Planting layout/spacing
						–	 Planting	hole	preparation	(30*30	---60*60	cm)
      – Planting process
													•	 Refill	1/4th	of	the	planting	hole,	remove	the	
                    plastic bag, put the seedling, press down with 
                    soil, put mulch, etc
      – Combine with water harvesting structures
•	 Before	the	seedlings	can	be	delivered	for	planting	in	the	
     field, some preparations are required:
      – Hardening-off: a method to make the seedlings to 
              adapt to the environment out side a nursery
      – Grading: rearranging the seedlings as per their 
              stand quality.  
      – Packing and transporting: Potted seedlings should 
             be carried holding only the bags

11.  Work norm and cost elements

The work norm for seedling production includes all kinds of tasks that have to be implemented from nursery preparation to 
the day-to-day operation and is estimated as 1 PD for 1000 seedlings. The preparation of pits and planting of seedlings 
have average work norms of 15 pits/PD and 50 seedlings/PD respectively.
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1. Name of the technology: Woodlots/community plantations

2. General description

Woodlots are plots of planted or naturally growing trees. 
They provide multiple products and services such as timber, 
poles, fuel-wood, medicine, soil-erosion control and shelter. 
Poles, fuel-wood and timber may be used by the farmer 
or sold to supplement cash income for the household or 
community.
A woodlot should be sited where it can be easily protected 
from livestock and fires and this is easier if it is sited close to 
a village. It may also serve as a demonstration plot.

3. Planting process

Like crops, most trees grow better on fertile, deep soils. Most farmers will give priority to the crops and choose to plant trees 
on poorer soils. Thus, if the farmer expects the trees to grow fast on such soils, fertilizer or manure may have to be used. 
Shallow soils where termites are common should be avoided. Species recommended include: Eucalyptus camaldulensis, 
Eucalyptus tereticornis, Gmelina arborea ,Melia azedarach, Tamarindus indica, etc . The selection of tree sppecise is 
dependent on the agro-ecology of the area and the intended objective by household and/or communities.

4. Establishment of woodlots

The spacing of trees in woodlots varies depending on the management objective and the tree species. The common 
spacing for most woodlots is 2 m x 2 m which is later thinned to allow bigger diameter trees for production of timber. Other 
spacings such as 3 m x 3 m, or even 4 m x 4 m, may also be used and the trees may be intercropped with low crops, e.g. 
beans or groundnuts, in the first few years. Where land is scarce and small diameter wood is needed, planting at a dense 
spacing, e.g. 1 m x 1 m, is also feasible. Woodlots can also easily be established if indigenous trees are simply allowed 
to regenerate.

5. Plantation management

•	 Weed	 around	 young	 trees	 and	 shrubs	 to	 reduce	
competition for moisture, light and nutrients.
•	 Protect	 the	 young	 seedlings	 against	 livestock,	 termites	
and fires.
•	 Apply	manure	or	fertilizer	to	trees	and	shrubs	which	show	
signs of nutrient deficiency, e.g. die-back on eucalyptus, 
yellowing of leaves and poor growth.
•	 Mature	trees	could	be	pruned,	thinned	and	later	coppiced	
depending on the species.
•	 Management	 options	 for	 woodlots	 of	 indigenous	 trees	
are similar to management of woodlands.

                Eucalyptus woodlot, Ethiopia
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General:

Wind erosion (wind speed /velocity and its shearing action) is a serious threat to food security, 
by causing soil erosion and formation of sand dunes, and contributes to the degradation of 
a sustainable agriculture throughout the world in general and in the Eastern Nile Regions in 
particular. 

Wind erosion physically removes the lighter, less dense soil constituents such as organic matter, 
clays, and silts. Thus, it removes the most fertile part of the soil and lowers soil productivity. 

In addition, dust storms affect air quality and airborne dust has significant economic, health, 
ecological, and hydrological impacts. Apart from damaging agricultural /cropping fields sand 
dunes create a lot of obstruction to infrastructures as well.

Wind Erosion Control Measures are, among others:

a) Physical or mechanical sand dune ''Goz'' fixation/stabilization; 
b)  Biological sand dune ''Goz'' fixation/stabilization; 
c)  Establishment and management of shelterbelts; 
d)  Establishment of wind breaks with ditcher; and 
e)  Establishment of shelterbelts using disc plough. Further below the detail of it is presented:

Some of the wind erosion control measures described in this manual are:

1. Shelterbelts or Windbreaks
2. Biological Sand Dune Stabilization / Biological Sand Dune Fixation 
3. Checkerboard 
4. Wind Erosion Control with Improved Tillage Practices 
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1. Name of the technology: Shelter Belts/Windbreaks

2. General description

Windbreaks or shelterbelts are plantings of single or 
multiple rows of trees or shrubs that are established for 
environmental purposes. The height of the tallest row and 
overall density of foliage and branches of an individual 
planting greatly influence the size of the nearby area that 
is protected or sheltered. Windbreaks or shelterbelts are 
generally established to protect or shelter nearby leeward 
areas from troublesome winds that cause soil erosion. 
Living conditions and agricultural production can often 
be improved by planting trees and shrubs in protective 
windbreaks and shelterbelts which reduce wind velocity 
and provide shade. Windbreaks and shelterbelts, which are 
considered synonymous, are barriers of trees or shrubs that 
are planted to reduce wind velocities and, as a result, reduce 
evapotranspiration and prevent wind erosion; they frequently 
provide direct benefits to agricultural crops, resulting in 
higher yields, and provide shelter to livestock, grazing lands, 
and farms. Quite often, protection can be combined with 
production by choosing trees and shrub species that, apart 
from furnishing the desired sheltering effect, yield needed 
wood and other products.

Source: USDA,  Windbreak/Shelterbelt, Conservation 
Practice, 1997

3. Geographical extent of use

In arid zones, where the harsh climate and the shortage of water are intensified by strong winds. Windbreaks are 
“environmental buffers” that are planted in a variety of settings, such as on cropland, pasture, and rangeland (sometimes 
referred to as “living barns”), along roads, farmsteads, homesteads, feedlots, and in urban areas.

4. Technical design requirements

To get effective protection from windbreaks and shelterbelts the following parameters need to be dealt carefully:
•	 When	considering	windbreaks	or	shelterbelts	planting,	three	zones	can	be	recognized:	the	windward	zone	(from	which	 
      the wind blows); the leeward zone (on the side where the wind passes); and the protected zone (that in which the effect  
     of the windbreak or shelterbelt is felt).
•	 The	effectiveness	of	the	windbreak	is	influenced	by	its	permeability.	If	it	is	dense,	like	a	solid	wall,	the	airflow	will	pass	 
   over the top of it and cause turbulence on the leeward side due to the lower pressure on that side; this gives a  
     comparatively limited zone of effective shelter on the leeward side compared to the zone that a moderately permanent  
     shelter creates.
•	 Optimum	permeability	is	40	to	50	percent	of	open	space,	corresponding	to	a	density	of	50	to	60	percent	in	vegetation.
•	 Permeability	of	dense	shelterbelt	can	be	improved	by	pruning	lower	branches	at	0.5	–	0.8	m	from	the	soil	level.
•	 It	is	generally	accepted	that	a	windbreak	or	shelterbelt	protects	an	area	over	a	distance	up	to	its	own	height	on	the	 
    windward side and up to 20 times its height on the leeward side, depending on the strength of the wind. In reducing  
     wind speeds, narrow barriers can be as effective as wide ones. Furthermore, a narrow shelterbelt has the advantage of  
     occupying less land.

Selection of tree and shrub species: In the selection of tree or shrub species for windbreaks or shelterbelts, the following 
characteristics should be sought:
•	 Rapid	growth,	straight	steams,	wind	 firmness,	good	crown	formation,	deep	root	system	which	does	not	spread	 into	 
    nearby fields, resistance to drought and desired phonological characteristics (leaves all year long or absent only part  
     of the year).
•	 Some	 possible	 trees	 and	 shrubs	 for	 windbreaks	 area	 Accacia	 species	 (Nilotica,	 Senegal,	 etc.),	 Azadiracta	 indica,	 
     Leucaena lecocephala and Zizyphus spinachristi.

Site preparation: Remove debris and control competing vegetation to allow enough spots or sites for planting and planting 
equipment. For plantings requiring supplemental moisture, prepare and ready applicable materials for installation. 
Additional requirements:

A windbreak or shelterbelt usually consists of multiple rows, with shrubs in the outer rows and taller trees in the interior. 
Complementary practices work with these environmental buffers to further control wind erosion and snow deposition 
and modify site characteristics for habitat and screening purposes. For comprehensive protection of a field, windbreaks 
are placed in a series across the area (typically spaced at intervals of 5 to 20 times the height of each windbreak), with 
individual windbreaks running parallel to one another, but perpendicular to prevailing winds.
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1. Name of the technology: Shelter Belts/Windbreaks

2. General description

Windbreaks or shelterbelts are plantings of single or 
multiple rows of trees or shrubs that are established for 
environmental purposes. The height of the tallest row and 
overall density of foliage and branches of an individual 
planting greatly influence the size of the nearby area that 
is protected or sheltered. Windbreaks or shelterbelts are 
generally established to protect or shelter nearby leeward 
areas from troublesome winds that cause soil erosion. 
Living conditions and agricultural production can often 
be improved by planting trees and shrubs in protective 
windbreaks and shelterbelts which reduce wind velocity 
and provide shade. Windbreaks and shelterbelts, which are 
considered synonymous, are barriers of trees or shrubs that 
are planted to reduce wind velocities and, as a result, reduce 
evapotranspiration and prevent wind erosion; they frequently 
provide direct benefits to agricultural crops, resulting in 
higher yields, and provide shelter to livestock, grazing lands, 
and farms. Quite often, protection can be combined with 
production by choosing trees and shrub species that, apart 
from furnishing the desired sheltering effect, yield needed 
wood and other products.

Source: USDA,  Windbreak/Shelterbelt, Conservation 
Practice, 1997

3. Geographical extent of use
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individual windbreaks running parallel to one another, but perpendicular to prevailing winds.
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5. Layout and construction procedures

Establishment: The main method of establishing windbreaks is by seedlings. Planting a single line of trees is sufficient to 
mark a boundary and to serve as a windbreak. A windbreak should be established at a right angle to the prevailing wind 
direction. The spacing between trees is normally 2 m, but this may vary with species.

The efficacy of a windbreak can be improved by planting tall trees in the first line and shorter trees in a parallel line. In this 
condition, small shrubs, medium trees and bigger trees will be planted consecutively in parallel rows. The spacing between 
the rows can be from 3 – 4 m.  If the boundary separates two fields, the first line of trees should be placed one or two meters 
inside the boundary. If both farmers are interested, each can plant a line of trees inside their boundary.

6. Period of implementation across season

Raising seedling over the dry seasons and planting at the onset of rains.

7. Planning and mobilization requirements

Temporary Storage Instructions: Planting stock that is dormant may be stored temporarily in a cooler or protected area. For 
stock that is expected to begin growth before planting, dig a V-shaped trench (heeling-in bed) sufficiently deep and bury 
seedlings so that all roots are covered by soil. Pack the soil firmly and water thoroughly.

8. Cost elements and work norm

Seedling preparation, transporting, planting and nursing until they get established.

9. Management and maintenance

Protect young trees against livestock and fires. Termite control is necessary for trees such as eucalyptus which are susceptible 
to termite attack. Mature trees can be selectively pruned or pollarded to reduce the shading effect on the adjacent 
agricultural crops.

Windbreaks and shelterbelts are normally established concurrently with other practices as part of a conservation 
management system. For example, proper crop rotations and tillage techniques and management of residue in fields 
(conservation, crop rotation and residue management) work with windbreaks to control wind erosion. The planting must be 
inspected periodically and protected from damage so proper function is maintained. Replace dead or dying tree and shrub 
stock and continue control of competing vegetation to allow proper establishment. For plantings requiring supplemental 
moisture, install and begin operation of the irrigation system. Periodically prune trees and shrubs to repair environmental 
damage and maintain plant health and vigor.

10. Benefits and acceptability

Such plantings are used to reduce wind erosion, protect growing plants (crops and forage), manage snow, and improve 
irrigation efficiency. Windbreaks also protect structures and livestock, provide wildlife habitat, improve aesthetics, and 
provide tree or shrub products. Also, when used as a living screen, windbreaks control views and lessen noise.

11. Limitation

No significant limitation as such. But trees such as Damas in semi-arid areas like Sudan need irrigation.

  



128

1. Name of the technology: Biological sand  dune stabilization; Biological Sand Dune Fixation

2. General description

Biological measures of wind erosion control or sand dune 
stabilization / fixation techniques are those already known 
for water erosion control. These could be those dealing 
with agronomic, soil management and vegetative means. 
However, for sand dune stabilization, i.e. sand dune already 
created or on the process of its formation needs special 
attention other than mechanical or physical stabilization. 
This focuses more on vegetative stabilization of sand dunes 
by live grasses, bushes, shrubs and trees. See the picture at 
the right.

3.  Technical design requirements

Biological sand dune stabilization can be applied in coastal as well as inland areas. A common strategy to restore 
degraded soils is to re-establish a vegetation cover, because plants are able to protect the soil from wind erosion in various 
ways, e.g. by sheltering the soil from the erosive force of the wind and by stabilizing the soil with their roots. Plants play a 
key role in wind erosion control measures, because they are able to protect the soil in various ways. Wind erosion has been 
shown to decrease significantly with increasing level of soil aggregation. Soil and air humidity are important determinants 
of the erodibility of the soil.

Most plants form symbiotic associations with mycorrhizal fungi which have the potential to improve both plant growth and 
soil aggregation. The above-ground parts of vegetation modulate wind erosion processes primarily through the following 
mechanisms: 
i)    Vegetation can shelter the soil from the force of the wind by covering a fraction of the surface and providing lee-side  
      wakes in which the average wind velocity and friction velocity are substantially reduced;
ii)    Vegetation can extract momentum from the wind, thus reducing the erosivity of the wind;
iii)  Vegetation can trap windborne particles, thereby reducing total sediment flux and providing chance for sediment  
       deposition; 
iv)   Plants protect the soil below-ground i.e. by stabilizing the soil structure and by affecting near-surface soil and air  
       humidity;  and
v)    Plant roots stabilize soil structure by enmeshing individual soil particles and by releasing glue-like exudates, thereby  
       contributing to the formation of stable soil aggregates. Wherever the plant (Caparies decidiau) is, there is deposition  
      of sand around it, in Sudan. Salvadora persica (up right) and Panicum maximum (lower) under trial in Um Groad  
        Village West of Atbara, Sudan - Community Watershed Management Project, May 2014.

Panicum maximum (lower) and Salvadora persica (up right) Caparies decidiau     

  

4. Period of implementation across season

As per the individual species requirement depending on dry or wet planting/seeding.

5. Management and maintenance

Requires fencing of the seeded and planted saplings to avoid grazing by livestock and wild animals.
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4. Period of implementation across season
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6. Benefits and acceptability

The biological or vegetative barriers apart from filtering and fixing the sand increase soil organic matter and soil structure 
formation.

7. Limitation

Very appropriate plant species that suits the niche should be identified and these may not be many. 

9. Management and maintenance

Protect young trees against livestock and fires. Termite control is necessary for trees such as eucalyptus which are susceptible 
to termite attack. Mature trees can be selectively pruned or pollarded to reduce the shading effect on the adjacent 
agricultural crops.

Windbreaks and shelterbelts are normally established concurrently with other practices as part of a conservation 
management system. For example, proper crop rotations and tillage techniques and management of residue in fields 
(conservation, crop rotation and residue management) work with windbreaks to control wind erosion. The planting must be 
inspected periodically and protected from damage so proper function is maintained. Replace dead or dying tree and shrub 
stock and continue control of competing vegetation to allow proper establishment. For plantings requiring supplemental 
moisture, install and begin operation of the irrigation system. Periodically prune trees and shrubs to repair environmental 
damage and maintain plant health and vigor.

10. Benefits and acceptability

Such plantings are used to reduce wind erosion, protect growing plants (crops and forage), manage snow, and improve 
irrigation efficiency. Windbreaks also protect structures and livestock, provide wildlife habitat, improve aesthetics, and 
provide tree or shrub products. Also, when used as a living screen, windbreaks control views and lessen noise.

11. Limitation

No significant limitation as such. But trees such as Damas in semi-arid areas like Sudan need irrigation.
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1. Name of the technology: Sand dune stabilization; Sand dune fixation

2. General description

The problem: Wind erosion (wind speed /velocity and its 
shearing action) is a serious threat to food security, by 
causing soil erosion and formation of sand dunes, and 
contributes to the degradation of a sustainable agriculture 
throughout the world in general and in the Eastern Nile 
Regions in particular. 
Wind erosion physically removes the lighter, less dense soil 
constituents such as organic matter, clays, and silts. Thus, 
it removes the most fertile part of the soil and lowers soil 
productivity. 
In addition, dust storms affect air quality and airborne 
dust has significant economic, health, ecological, and 
hydrological impacts. Apart from damaging agricultural /
cropping fields sand dunes create a lot of obstruction to 
infrastructures as well. 

Action of wind erosion has three forms: i) Saltation i.e series 
of particles jumping and bouncing; ii) Surface creep of heavier 
soil particles on the surface; and iii) Suspension or blowing of 
fine clay particles in the air and its deposition somewhere else.

3. Geographical extent of use

Generally soil erosion by wind is worse in arid and semiarid regions. In the Eastern Nile areas most susceptible to wind 
erosion on agricultural land include much of North Africa and the Near East (Central and Northern Sudan, Egypt, etc).

4.  Technical design requirements

Control Measures: a) Physical or mechanical sand dune ''Goz'' fixation/stabilization; b) Biological sand dune ''Goz'' fixation/
stabilization; c) Establishment and management of shelterbelts; d) Establishment of  wind breaks with ditcher; and e) Establishment 
of shelterbelts using disc plough. Further below the detail of it is presented:
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1. Name of the technology: Checkerboard

2. General description

This is one of the physical or mechanical stabilization techniques. Stabilization of dunes effected by the planting of marram 
grass (Ammophila arenaria), or rice grass, whose long roots bind the surface layers of sand and so hinder its removal by 
wind.

3. Technical design requirements

The straw checkerboard technique is used for fixing sand 
dunes. Straw of wheat, rice, reeds, and other plants is 
placed in the shape of a checkerboard. Half is buried and 
half is exposed.

               Dry straw in a checkerboard arrangement

4. Period of implementation across season

Anytime when there is availability of the dry matter.

5. Benefits and acceptability

The establishment of a straw checkerboard changes the structure of the airflow and changes the ground surface status from 
erosion to deposition. Owing to the deposition of fine particles, a soil crust is formed and soil formation begins.

6. Limitation

It is not possible to apply it in areas where the straw is needed for other purposes such as, fodder, fuel, roof thatching, etc.

  

  

  

The straw decreases the wind 
velocity near the ground surface 
and can prevent wind erosion 
of the soil. In regions where the 
annual precipitation is over 200 
mm, bushes and herbs can be 
planted to further improve the 
windbreak and sand dune fixation 
qualities. After establishment, the 
straw gradually rots to become soil 
organic matter.

Wind break 
using balled 
crop straw 
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1. Name of the technology: Wind Erosion Control with Improved Tillage Practices  

2. General description

In normal tillage operation, where wind erosion may not be 
a problem, then it would be wise to prepare smooth seed 
bed preparation. However, this is unlikely when it comes to 
wind erosion control and the surface, as much as possible, 
left with high surface roughness. Field with rough or ridged 
tillage and clods is less likely to be affected by wind erosion. 
See Picture.

Wind erosion resulted from fine seed bed,   
East Atbara, Sudan

3. Technical design requirements

The concept of working only a very narrow width in the 
bottom of the furrow for seed placement and leaving the 
ridge between rows untilled with chemical weed control 
probably would provide good protection from wind 
erosion. Some information on the most desirable degree of 
roughness for maximum efficiency in controlling erosion can 
be obtained from trials and experiments. 

The most effective height is 5 to 12cm (2 to 5 inch). The deep 
furrow drills used to plant small grains generally produce 
roughness within that range and, consequently, provide an 
erosion-resistant surface. Generally, two methods of tillage 
operations are common:

i) Establishment of  wind breaks with ditcher; and
ii) Establishment of shelterbelts using disc plough.

                                             Surface left rough by tillage operation to control wind erosion

4. Period of implementation across season: 

During tillage operations.

5. Limitation:

Need of tractor for the ditcher and the disc to pulled i.e. mechanization.
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12.  Rainwater Harvesting (RWH) - Soil Storage
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General:

Definition: Rainwater harvesting describes methods of collecting, storing and spreading various 
forms of runoff from different sources for domestic, agricultural, etc uses. It is a deliberate collection 
of rainwater from a surface (roof/ground catchment) and its storage (soil and structural) to provide 
a supply of water.

Basic Concept: RWH is a concept of rainfall concentration that multiplies the amount of rain 
falling on a cropped area by a factor greater than one. At the same time erosion will be controlled 
and fertility of the soil is managed. This concept differs from the practice of Soil and Water 
Conservation (SWC) in which there is no rainfall multiplication and concentration. In SWC the 
multiplying	 factor	 (MF)	=	 1.	 Examples	 are	 Terracing,	 Benching;	 Furrow	 drinking,	 pitting	 land	
surfaces (Figure a). The conceptual model for runoff farming in RWH is indicated in Figure b.  
              
  
 

The major rainwater harvesting (soil storage) measures presented here are: 

1. Negarims     6. Inter row Rainwater Harvesting
2. Semicircular Bunds    7. Eyebrow Basins or Eyebrow Terraces
3. Trapezoidal Bunds    8. Microbasins
4. Contour Ridges or Contour Bunds  9. Trenches
5. Runoff Strips     10. Ridges and Tie Ridging

 

  

  

(a) Benching	  where	  multiplying	  Factor	  =	  1	  

  

(b)  Benching  where  multiplying  Factor  
>1  

Designing Catchment : Cultivated Area Ratio

  

 

  

Conceptual model of micro- 
catchment runoff farming

As indicated on the left Figure, “A” 
is catchment and “a” is cropped 
area.
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1.  Name of the technology: Negarims; V-shaped bunds

2.  General description

Negarims are regular squares or diamond shaped microbasins 
(surrounded by low soil bunds) turned by 45o from the contour 
(V-shape) to concentrate runoff water at the lowest corner of the 
square. They are oriented to have the maximum land slope parallel 
to the long diagonal of the diamond, so that runoff flows to the 
lowest corner, where the plant is placed. At this corner, an infiltration 
basin is made and at the center of this basin a planting pit is dug. 
The whole square consists of a catchment area and a cropped area. 
Runoff collects from the catchments area and flows into the cropped 
area where it ponds, infiltrates and is stored in the soil.

3. Geographical extent of use

RCan be used in very dry areas. They are best used on deep 
stable soils and even ground. They are most suitable for growing 
tree crops, fodder shrubs and establishing trees in dry areas. The 
technique requires deep soils up to 2m to store the harvested runoff.

They are best on gentle slopes (1-2%) but can be used up to 5%. If used beyond this erosion is a problem. The soil should 
be deep enough to hold sufficient water. They are limited to manual construction i.e. do not allow mechanization.

4. Technical design requirements

Design the dimension of the negarim-length of the side and the 
height of the soil bunds using the above equation.

The area of each unit is determined on the basis of 
a calculation of the plant (tree) water requirement or, 
an estimate of this based on experience. Depending 
on dryness of the area and tree species size of 
microcatchment per unit basin normally ranges 
between 10m2 and 100m2. The bunds should be 
least 25 cm high to avoid overtopping. The top 
width is at least 20cm wide and the side slopes 1:1. 
On steeper land slopes, the bund height should be 
increased especially near the infiltration pit. The pit 
should be 60cm x 60cm x 60cm with the subsoil 
being used for bund construction. The infiltration 
basin is mostly round,

Minimum height of soil bunds for Negarims

Microcatchment Size    Ground slope (%)

                           1 2 3 4 5 6 7 8 9 10

2x2

3x3  Use a bund height of 25cm                    26 

4x4                     28 31 33

5x5                   26 30 33 37 40

6x6                   26 31 35 39 43 47

7x7                  25 30 35 40 45 50 55

8x8                  28 33 39 45 50 56 62

9x9                  31 37 43 50 56 62

10x10                26 33 40 47 55 62

11x11                 28 36 44 52 59 67

12x12                          31 39 47 56 64

13x13                 33 42 51 60

14x14                25 35 45 55 64  Not recommended

15x15                    26 37 47 58

Above these gradients the bund should be constructed relatively higher at the bottom (below the pit) and lower up slope. 
This Table gives the height of the bund below the pit for given micro-catchment sizes.
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5. Layout and construction procedures

a) Clear dense vegetation from the area to leave a catchment cover as specified by the design; b) Below the cut-off drain 
stake out a contour line by using a line level or a water tube level and smooth it out to roughly a straight line; c) If the 
topography is very uneven, separate blocks of negarims; d) Mark the tips along the contour at even spacing with a tape; e) 
Make pegs with height marks for indicating bund height during soil placement; f) Using the pegs, mark bund tips along the 
contour by spacing them at a distance equal to the diagonal of the negarim; g) Measure a string twice the length of a side 
of the negarim; h) Mark the center of the string; i) Hold the tips of the string on the contour at the pegs and pull the mid-
point tight down slope. This marks the lower corner of that negarim. It becomes the contour of the next row of Negarims; j) 
Complete the row and do the other rows as in (See Figure below) below); k) Repeat Step j for all further rows. 

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
the dry season.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized including timely demobilizing it when 
the work finished. Community and individual consultation prior to its introduction. On completion all the necessary site 
cleanup carried out.

8. Cost elements and work norm: Working tools and materials: shovels and pick axes with handles, wheelbarrow, crow 
bars, sledgehammer, etc.  For laying out line level, measuring tape, cotton string and, pegs are required.

1) Size Unit 
Microcatchment (m2)  
Sides	(x)		=		Area

2)  Size Infiltration Pit 
(m) Sides (y)   Depth

3)  Ground Slopes 
Suitable for 25cm Bund 
Height*

(4)  Volume 
Earthwork Per 
Unit**

(5) No. Units 
Per ha

(6) 
Earthworks 
m3/ha

3mx3m	=	9m2 1.4 x 1.4 x 0.4 Up to 5 % 0.75 1110 835

4mx4m	=	16m2 1.6 x 1.6 x 0.4 Up to 4 % 1.00 625 625

5mx5m	=	25m2 1.8 x 1.8 x 0.4 Up to 3 % 1.25 400 500

6mx6m	=	36m2 1.9 x 1.9 x 0.4 Up to 3 % 1.50 275 415

8mx8m	=	64m2 2.2 x 2.2 x 0.4 Up to 2 % 2.00 155 310

9mx9m	=	91m3 2.3 x 2.3 x 0.4 Up to 2% 2.30 120 280

10mx10m=100m2 2.5 x 2.5 x 0.4 Up to 1 % 2.50 100 250

12mx12m=144m2 2.8 x 2.8 x 0.4 Up to 1 % 3.25 70 230

These ground slopes allow construction of a bund of 25cm height throughout its length.
**Calculation	of	earthworks	per	unit	includes	only	two	of	the	sides	around	the	catchment:	the	other	two	sides	are	included	
in the microcatchment above. Does not include earthwork required for diversion ditch, which is 62.5m3 for each 100 
meter length.

  

9. Management and maintenance

Where necessary, protect the field from external run off with a cut-off drain at a maximum gradient of 0.25%. Plant a 
suitable grass on the bunds to avoid erosion. Plant tree seedlings of at least 30 cm height after the first rain of the season. 
It is recommended to plant two seedlings: one in the bottom of the pit and one on a step at the back of the pit.

10. Benefits and acceptability

When used for fruit trees, it is designed to provide sufficient moisture to a producing tree. With this technology marginal 
lands can be changed to productive lands. Once the technique is properly sited and demonstrated acceptability is high.

11. Limitation

They are constructed manually and therefore, the labor demand is high.
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5. Layout and construction procedures

a) Clear dense vegetation from the area to leave a catchment cover as specified by the design; b) Below the cut-off drain 
stake out a contour line by using a line level or a water tube level and smooth it out to roughly a straight line; c) If the 
topography is very uneven, separate blocks of negarims; d) Mark the tips along the contour at even spacing with a tape; e) 
Make pegs with height marks for indicating bund height during soil placement; f) Using the pegs, mark bund tips along the 
contour by spacing them at a distance equal to the diagonal of the negarim; g) Measure a string twice the length of a side 
of the negarim; h) Mark the center of the string; i) Hold the tips of the string on the contour at the pegs and pull the mid-
point tight down slope. This marks the lower corner of that negarim. It becomes the contour of the next row of Negarims; j) 
Complete the row and do the other rows as in (See Figure below) below); k) Repeat Step j for all further rows. 

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
the dry season.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized including timely demobilizing it when 
the work finished. Community and individual consultation prior to its introduction. On completion all the necessary site 
cleanup carried out.

8. Cost elements and work norm: Working tools and materials: shovels and pick axes with handles, wheelbarrow, crow 
bars, sledgehammer, etc.  For laying out line level, measuring tape, cotton string and, pegs are required.

1) Size Unit 
Microcatchment (m2)  
Sides	(x)		=		Area

2)  Size Infiltration Pit 
(m) Sides (y)   Depth

3)  Ground Slopes 
Suitable for 25cm Bund 
Height*

(4)  Volume 
Earthwork Per 
Unit**

(5) No. Units 
Per ha

(6) 
Earthworks 
m3/ha

3mx3m	=	9m2 1.4 x 1.4 x 0.4 Up to 5 % 0.75 1110 835

4mx4m	=	16m2 1.6 x 1.6 x 0.4 Up to 4 % 1.00 625 625

5mx5m	=	25m2 1.8 x 1.8 x 0.4 Up to 3 % 1.25 400 500

6mx6m	=	36m2 1.9 x 1.9 x 0.4 Up to 3 % 1.50 275 415

8mx8m	=	64m2 2.2 x 2.2 x 0.4 Up to 2 % 2.00 155 310

9mx9m	=	91m3 2.3 x 2.3 x 0.4 Up to 2% 2.30 120 280

10mx10m=100m2 2.5 x 2.5 x 0.4 Up to 1 % 2.50 100 250

12mx12m=144m2 2.8 x 2.8 x 0.4 Up to 1 % 3.25 70 230

These ground slopes allow construction of a bund of 25cm height throughout its length.
**Calculation	of	earthworks	per	unit	includes	only	two	of	the	sides	around	the	catchment:	the	other	two	sides	are	included	
in the microcatchment above. Does not include earthwork required for diversion ditch, which is 62.5m3 for each 100 
meter length.

  

9. Management and maintenance

Where necessary, protect the field from external run off with a cut-off drain at a maximum gradient of 0.25%. Plant a 
suitable grass on the bunds to avoid erosion. Plant tree seedlings of at least 30 cm height after the first rain of the season. 
It is recommended to plant two seedlings: one in the bottom of the pit and one on a step at the back of the pit.

10. Benefits and acceptability

When used for fruit trees, it is designed to provide sufficient moisture to a producing tree. With this technology marginal 
lands can be changed to productive lands. Once the technique is properly sited and demonstrated acceptability is high.

11. Limitation

They are constructed manually and therefore, the labor demand is high.
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10. Benefits and acceptability

When used for fruit trees, it is designed to provide sufficient moisture to a producing tree. With this technology marginal 
lands can be changed to productive lands. Once the technique is properly sited and demonstrated acceptability is high.

11. Limitation

They are constructed manually and therefore, the labor demand is high.

1. Name of the technology:  Semicircular bunds

2.  General description

These are usually earthen bunds in the shape of a semi-circle or a 
crescent and the tips facing directly up slope. They are created at 
a spacing that allows sufficient catchment to provide the required 
runoff water, which accumulates in front of the bund, where plants 
are grown. They are usually placed in staggered position (see 
Picture). These bunds, usually the smaller sizes, are used mainly for 
the rehabilitation of rangeland or for fodder production, but may 
also be used for growing trees, shrubs and in some cases field crops 
(e.g. sorghum). They vary depending on the crop type, soil and the 
rainfall amount. When it is large, like 0.5ha food crops such as 
sorghum or miller are planted. They can be used as water/runoff 
spreading bunds too. Figure of semicircular bund in staggered 
arrangement for forage production is shown in the right box.

3. Geographical extent of use

Semicircular bunds are used in areas of 200-750mm rainfall, deep soils and low slopes (2 - 5%). The slope could be 
increased to 10% (see Table below). They require even topography. Compared to trapezoidal bunds they are better stable 
because there are no weak joints.

They are best on gentle slopes (1-2%) but can be used up to 5%. If used beyond this erosion is a problem. The soil should 
be deep enough to hold sufficient water. They are limited to manual construction i.e. do not allow mechanization.

4. Technical design requirements

Two distinct designs are used depending on whether the crop is a tree or a row crop. While the geometry of the bunds is 
the same, if the crop is cereal the diameter tends to be large and small for the case of a tree. For cereals they can be as 
large as 40m diameters and for forage and tree crops their size is less like 6m or so. The space between tips of consecutive 
bunds is used for discharging of excess runoff. The top width of the bunds is usually 10cm and the height may be uniform 
where the topography is flat. The side slopes are 1:1 although flatter sides are also possible. As the slope increases, the 
height is increased accordingly from the tip to the lowest point. The minimum height at the tip is o.1m. When they are 
smaller it is reported that they can be used up to 5% slope similar to eyebrow terrace. Line level, measuring tape, cotton 
string, and pegs are required.

Table. Minimum height for semi-circular bunds 

Radius (M)    Ground slope (%):

                        1 2 3 4 5 6 7 8 9 10

1                             Use a height of 20cm 

2                                  21 23  25

3                                 23 26 29 32  35

4                  21 25 29 33 37 41  45

5                               25 30 35 40 45 50  55

6                 23 29 35 41 47 53

7                  26 33 40 47 54

8                21 29 37 45 53

9                 23 32 41 50                       Not recommended

10                                    25 35 45 55

  

5. Layout and construction procedures

Steps:i) Design the diameter, spacing and height of the bounds (Figures and, Table below); ii) Stake out a contour line at 
the top of the field just below the cut-off drain; iii) Cut a string equal to a diameter and a half, marking into three equal 
parts. With it, mark the tips of a bund, its center and the spacing on the contour; iv) With a peg tied at two ends of the half 
diameter portion, inscribe the bund below the contour. Similarly, complete the row of bunds on the contour; v) Measure 
the position of the next row from the bottom of the row above using the calculated spacing. The centers of bunds in this 
row should vertically line with the mid-point of the space between the bunds in the first row. Repeat until all rows are done; 
vi) Dig a small trench outside the bund to get soil. Make the bunds in layers of up to 10 cm and compact each until the 
required height is achieved; vii) Protect bund tips with stones to avoid erosion. If stones are not available, plant a suitable 
dense grass instead.
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6. Period of implementation across season

Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
the dry season.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized to the site. Community and individual 
consultation prior to its introduction required. On completion all the necessary site cleanup required

8. Cost elements and work norm

Working tools and materials: Shovels and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc.  For 
laying out line level, measuring tape, cotton string and, pegs are required. Quantities of earthworks for semi-circular 
microcatchments is indicated in below Table.

Land Slope  (1)Radius (m)  (2)Length 
of bund (m)

 (3) 
Impounded 
area per 
bund (m2)

(4)Earth works 
per bund (m3) 

 (5) Bunds
per ha

 (6) Earthworks  
per ha (m3)

Design “a” up to 1.0% 6 19 57 2.4 73 175

Design “b” up to 4.0% 10 31 160 13.2 16 210

Design “c” up to 2.0% 20 63 630 26.4 4 105

9. Management and maintenance

Where necessary, protect the field from external run off with a cut-off drain at a maximum gradient of 0.25%. Plant a 
suitable grass on the bunds to avoid erosion. Stone pitching required at the tip of the bund to control scoring by runoff.

10. Benefits and acceptability

When used for forage, it provides sufficient moisture. The technology, with above mentioned prevailing geographical 
conditions, marginal lands can be productive. Once the technique is properly sited and demonstrated acceptability is high.

11. Limitation

It is labor intensive. Design and layout of large bunds requires careful consideration.
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Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
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7. Planning and mobilization requirements
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Working tools and materials: Shovels and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc.  For 
laying out line level, measuring tape, cotton string and, pegs are required. Quantities of earthworks for semi-circular 
microcatchments is indicated in below Table.
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(4)Earth works 
per bund (m3) 

 (5) Bunds
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 (6) Earthworks  
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Design “a” up to 1.0% 6 19 57 2.4 73 175

Design “b” up to 4.0% 10 31 160 13.2 16 210

Design “c” up to 2.0% 20 63 630 26.4 4 105

9. Management and maintenance

Where necessary, protect the field from external run off with a cut-off drain at a maximum gradient of 0.25%. Plant a 
suitable grass on the bunds to avoid erosion. Stone pitching required at the tip of the bund to control scoring by runoff.

10. Benefits and acceptability

When used for forage, it provides sufficient moisture. The technology, with above mentioned prevailing geographical 
conditions, marginal lands can be productive. Once the technique is properly sited and demonstrated acceptability is high.

11. Limitation

It is labor intensive. Design and layout of large bunds requires careful consideration.

  

  

139

1. Name of the technology:  Trapezoidal bunds

2.  General description

It consists of small areas as well as large structures enclosing 
up to 1 ha for impounding large amounts of runoff from 
an external area. It can be applied in small or large sizes. 
When it is large, like 1 ha and receives runoff from external 
catchment system, then it resembles macrocatchment 
system. The purpose is for growing food crops such as 
sorghum or millet are planted in the cropping area enclosed 
by soil bunds. The impounding bunds are laid along the 
contour but staggered down the slope to allow release of 
excess runoff. Excess runoff is discharged around the tips of 
the bunds.

3. Geographical extent of use

For arid and semi-arid areas. The technique is suitable for area with 250-500mm of annual rainfall. The most suitable 
slopes are 0.25-1.5%, but can be used up to 7% slope on even topography and on non-cracking soils such as black cotton 
soil. Smaller sizes are also used for forage and tree crops.

4. Technical design requirements

The maximum bund height is 0.6m decreasing to 0.2m at 
the tips. The side slope of the bund can vary from 1:1 to 4:1 
and standard top width is 0.2m. It is mostly suggested that 
the base bund be equal in length to the wing wall. The height 
of the walls depends on land slope. On slopes up to 1.5% 
length of bund tips can be up to 120m. The technique can 
be used for trees and grass but is best suited for row crops 
where manual work is the mode of cultivation. The standard 
design method is used to size the required catchment area. 
Line level, measuring tape, cotton string, and pegs are 
required. This design considers within field small catchments 
with the design bunds in the middle of a field. The bunds 
at the top, right and left boundaries may require additional 
catchment areas. The basic assumption is that the length of 
the wing wall is equal to that of the base bund (see Figures). Figure of trapezoidal bund in staggered arrangement for 

forage

Let the length of the wing wall be L and its vertical length H. Because of the wing wall is sloping at 1350, L is approximately 
1.41H.	Thus	the	distance	between	the	tips	of	the	wing	walls	of	a	bund	(X	to	X)	is	T	=	L	+	2H	=	(1.41H	+	2H)	=	3.41H.
The layout should be simplified as much as possible. The selected layout is with the tips of a lower bund vertically 
corresponding to the ends of the base bund of the upper row of bunds.

Now let the space between the tips of the two consecutive bunds be S. Let the distance from the mid-point of S to the lowest 
point of the wing wall be M. Let the distance between the lower end points of wing walls of corresponding bunds be N, 
i.e.	N	=	2M.	For	the	design	to	be	simplest,	then	N	=	3.41H.	Calculations	for	M	and	N	are	done	in	terms	of	H	until	this	
is	achieved.	It	can	be	shown	that	this	requirement	is	met	when	bund	spacing	on	the	contour	is	S	=	1.41H	for	which	N	=	
3.41H. So far we have dealt with the geometry of the bunds. To complete the design, this geometry is related to the water 
harvesting design, that is the crop area, the catchment area and the C:CA ratio. Note that the cropped area is made up 
of areas A1 and A2. Areas A1 and A2 are given by:

A1	=	H2	and	A2	=	1.41H	x	H	=	1.41H2;	To	get	the	catchment	area,	we	also	have	area	A3,	which	is	given	by	A3	=	VT
Where,	V	=	the	vertical	spacing	of	the	bunds,	m	and	T	=	spacing	between	tips	of	bunds,	m
And works out to 3.41V. When all three areas (A1, A2 and A3) are added, the value of V can be computed. It depends on 
the selected value of H and the C:CA. Details of this including height conditions are given below.
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5. Layout and construction procedures

Steps: i) Determine the dimensions of the bund – the height, the length of the base bund and the wing walls, spacing along 
contour and down the slope (see Tables, Figures, and given examples); ii) Stake out other contours down slope according to 
design; iii) Make string A. Its total length is made up of a) base bund length, and b) two times the actual Wing Wall Length 
(AWL), and has an allowance of 30cm for tying. Folding it in to two, measure half the base bund length on each side from 
the center and mark these two points. Tie a loop on each end of the string using 15cm string length; iv) Make string B. Its 
total length is made up of a) base bund length; b) spacing length (on the contour); c) 2.82 times the vertical length (VL). 
Mark the string as follows: Half the spacing length at extreme ends of the string, and- half base bund length on each side 
from the center; v) Starting from the left boundary of the field, mark with a peg points P1, P2, P3 and P4 using string A. P1 
is the edge of the field/mid-point between bunds. P2 and P3 are the tips of bund. P4 is like P1;vi) Hook one loop at P2 and 
the other at P3. Pull the string tight down slope at the two marks. Peg the ends of the base bunds at the two marks; vii) Repeat 
steps 5 and 6 to complete the row of bunds. Repeat down slope to complete all the rows of bunds. The center of the base 
bund is made to correspond to the mid-point of the spacing between bunds on the contour immediately above; viii) Make 
and compact each bund in 10cm layers. For any additional fill material, excavate outside the bund; and ix) Protect bund tips 
with stones and grass.

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
the dry season.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized to the site. Community and individual 
consultation prior to its introduction required. On completion all the necessary site cleanup required

8. Cost elements and work norm

Working tools and materials: shovels and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc.  For laying out 
line level, measuring tape, cotton string and, pegs are required. Quantities of earthworks for semi-circular microcatchments 
is indicated in below Table.

Slope (%) Length of base 
bund (m)

Length of 
wing wall (m)

Distance between 
tips (m)

Earthwork/bund (m3) Cultivated area/ 
bund (m2)

Earthwork/ha 
cultivated  (m3)

0.5 40 114 200 355 9600 370

1.0 40 57 120 220 3200 670

1.5 40 38 94 175 1800 970

9. Management and maintenance

Where necessary, protect the field with a diversion ditch placed just above the field at a maximum gradient of 0.25%. Stone 
pitching required at the tip of the bund to control scoring by runoff. Similarly applied for small sizes as well.

10. Benefits and acceptability

When used for forage and cereal crops, it provides sufficient moisture. The technology, with above mentioned prevailing 
geographical conditions, marginal and dry lands can be productive. Once the technique is properly sited and demonstrated 
acceptability is high.  Given good topography and soils, there are many areas where this technology can be applied.

11. Limitation

Design and layout of large bunds requires careful consideration

     



140

5. Layout and construction procedures

Steps: i) Determine the dimensions of the bund – the height, the length of the base bund and the wing walls, spacing along 
contour and down the slope (see Tables, Figures, and given examples); ii) Stake out other contours down slope according to 
design; iii) Make string A. Its total length is made up of a) base bund length, and b) two times the actual Wing Wall Length 
(AWL), and has an allowance of 30cm for tying. Folding it in to two, measure half the base bund length on each side from 
the center and mark these two points. Tie a loop on each end of the string using 15cm string length; iv) Make string B. Its 
total length is made up of a) base bund length; b) spacing length (on the contour); c) 2.82 times the vertical length (VL). 
Mark the string as follows: Half the spacing length at extreme ends of the string, and- half base bund length on each side 
from the center; v) Starting from the left boundary of the field, mark with a peg points P1, P2, P3 and P4 using string A. P1 
is the edge of the field/mid-point between bunds. P2 and P3 are the tips of bund. P4 is like P1;vi) Hook one loop at P2 and 
the other at P3. Pull the string tight down slope at the two marks. Peg the ends of the base bunds at the two marks; vii) Repeat 
steps 5 and 6 to complete the row of bunds. Repeat down slope to complete all the rows of bunds. The center of the base 
bund is made to correspond to the mid-point of the spacing between bunds on the contour immediately above; viii) Make 
and compact each bund in 10cm layers. For any additional fill material, excavate outside the bund; and ix) Protect bund tips 
with stones and grass.

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
the dry season.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized to the site. Community and individual 
consultation prior to its introduction required. On completion all the necessary site cleanup required

8. Cost elements and work norm

Working tools and materials: shovels and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc.  For laying out 
line level, measuring tape, cotton string and, pegs are required. Quantities of earthworks for semi-circular microcatchments 
is indicated in below Table.

Slope (%) Length of base 
bund (m)

Length of 
wing wall (m)

Distance between 
tips (m)

Earthwork/bund (m3) Cultivated area/ 
bund (m2)

Earthwork/ha 
cultivated  (m3)

0.5 40 114 200 355 9600 370

1.0 40 57 120 220 3200 670

1.5 40 38 94 175 1800 970

9. Management and maintenance

Where necessary, protect the field with a diversion ditch placed just above the field at a maximum gradient of 0.25%. Stone 
pitching required at the tip of the bund to control scoring by runoff. Similarly applied for small sizes as well.

10. Benefits and acceptability

When used for forage and cereal crops, it provides sufficient moisture. The technology, with above mentioned prevailing 
geographical conditions, marginal and dry lands can be productive. Once the technique is properly sited and demonstrated 
acceptability is high.  Given good topography and soils, there are many areas where this technology can be applied.

11. Limitation

Design and layout of large bunds requires careful consideration
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1. Name of the technology:  Contour ridges or contour bunds

2. General description

These are simplified micro-catchments mainly used for trees. 
They can also be used for intercropping trees with fodder or 
crops between the bunds. The technique is easily made with 
oxen and tractor with little manual work. In certain areas it 
may be more applicable than negarims. Bunds are made 
on the contour to avoid damage at spacing dictated by 
the design. The catchment should be smoothed. They are 
formed with soil excavated from a furrow on the contour and 
deposited down slope. Perpendicular earth ties are made at 
close spacing on the up slope for better runoff control. Each 
micro-catchment can be planted with one or several trees. 
Planting pits are made between the ties and the bunds.

3. Geographical extent of use

They are good in deep soils (1.5-2m) and slopes not exceeding 5%. However, they can be used up to 10% ground slope. 
Contour ridges are suitable in areas of 200-750mm annual rainfall. They are suitable for many different crops. Stone 
bunds are better suited for steep slopes than earth bunds.

4. Technical design requirements

The micro-catchment size is designed in the normal way 
based on catchment to cultivated area principle. They vary 
from 10-50m2 for each tree. The bunds are at least 25cm 
high, the height increasing with the slope of the land (see 
Table below). The ties are 2m or longer and are spaced at 
2-10m depending on the required size of micro-catchment. 
The spacing of ties increases with increasing slope as the 
spacing of the bunds decreases. Contour bunds are mainly 
made from earth, but also from stone. The steeper the slope 
the closer the spacing between the bunds. Earth bunds 
which are used traditionally in Sudan are known as Teras.   Figure of semicircular bund in staggered arrangement for 

forage

Table. Minimum height for semi-circular bunds 

Radius (M)    Ground slope (%):

                        1 2 3 4 5 6 7 8 9  10

2                            Use a band height of     21 23  25

3                             20cm   23 26 29 32  35

4                              21 25 29 33 37 41  45

5                              25 30 35 40 45 50  55

6                             23 29 35 41 47 53 59   65

7                             26 33 40 47 54 61 68  75

8                            21 29 37 45 53 61 69 77  85

9                               23 32 41 50 59 68 77 86  95

10                            25 35 45 55 65 75 85 95

11                            27 38 49 60 71 82 93

12                            29 41 53 65 77 89

13                            31 44 57 70 83 96

14                            33 47 61 75 89 Not recommended

15                            35 50 65 80 95
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5. Layout and construction procedures

Steps: i) Stake contour lines and align them. ii) Dig soil 
form the furrow and place it in layers of up to 10cm 
compacting a layer at a time until the desired height 
is achieved; iii) Make earth ties to mark the micro-
catchments. iv) Between the ties make planting pits of 
80cm X 80cm X 40cm deep just above the bund; v) 
On each side of the field, make a 25-30cm bund to 
prevent runoff loss from the system. vi) Excavate the 
soil from within the system, with the contour bound 
joining the lateral bund. Typical contour bunds for 
the dry areas (right) and its layout with diversion ditch, 
ties and lateral bund. 

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation and planting.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized to the site. Community and individual 
consultation prior to its introduction required.

8. Cost elements and work norm

Working tools and materials: Contour ridges can be constructed by ridgers trailed by tractors. Manual labor can also be 
used using  pick axes, hoe and shovels with handles, etc. 150PD/km similar to the soil bunds. But for the presence of the 
perpendicular ties additional PD could be considered. For laying out line level, measuring tape, cotton string and, pegs are 
required. Quantities of earthworks for contour bunds are indicated in the table below.

Size of Unit Micro-catchment
Volume Earthworks Per 
Unit (m3)

No. Units Per ha Earthworks m3/ha

Bund spacing Tie spacing Area (m2)

5m 2m 10 0.5 1000 500

5m 5m 25 0.9 400 360

5m 10m 50 1.5 200 300

10m 2.5m 25 0.6 400 240

10m 5m 50 0.9 200 180

9. Management and maintenance

If there is a risk of damage from external runoff, a diversion ditch at 0.25% above the field should be built to protect it.

10. Benefits and acceptability

When used for tree crops, forage trees, it provides sufficient moisture. Between the trees forage and cereal crops can be 
intercropped. Based on its niche and if the technique is properly sited and demonstrated acceptability is high.

11. Limitation

Contour bunds require an even topography without gullies or rills.
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5. Layout and construction procedures

Steps: i) Stake contour lines and align them. ii) Dig soil 
form the furrow and place it in layers of up to 10cm 
compacting a layer at a time until the desired height 
is achieved; iii) Make earth ties to mark the micro-
catchments. iv) Between the ties make planting pits of 
80cm X 80cm X 40cm deep just above the bund; v) 
On each side of the field, make a 25-30cm bund to 
prevent runoff loss from the system. vi) Excavate the 
soil from within the system, with the contour bound 
joining the lateral bund. Typical contour bunds for 
the dry areas (right) and its layout with diversion ditch, 
ties and lateral bund. 
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1. Name of the technology:  Runoff strips

2. General description

The technique is similar to contour strip cropping except that alternate strips are here used as runoff catchments. Also 
known as inter row RWH. The farm is divided into strips along the contour. An upstream strip is used as a catchment, while 
a downstream strip supports crops (see Photos below). The downstream strip should not be too wide for drier areas and the 
catchment width is determined in accordance with the amount of runoff water required.

       Pictures of runoff strip (final land preparation - left) and during growing field corps - photos in courtesy of ICARDA

3. Geographical extent of use

The technique of runoff strips is suitable in areas where rainfall is low and slopes are gentle. The strips are used to support 
field crops. Runoff strips are best for field crops such as cereals and legumes.

4. Technical design requirements

Runoff strips based on catchment to cultivated area ratio principle are left purposefully between cropping fields (along the 
contour) so that runoff flowing down the slope is directed to the cropping field. Sometimes it is difficult for the runoff water 
to be uniformly distributed for the crops and some grooving required between the runoff and run-on line.

5. Layout and construction procedures

Runoff strips based on catchment to cultivated area ratio principle are left purposefully between cropping fields (along the 
contour) so that runoff flowing down the slope is directed to the cropping field. Sometimes it is difficult for the runoff water 
to be uniformly distributed for the crops and some grooving required between the runoff and run-on line.

6. Period of implementation across season

At the start of the rainy seasons and during sowing/planting.

7. Planning and mobilization requirements

Proper site investigation required. Community and individual consultation prior to its introduction required.

8. Cost elements and work norm

Working tools and materials: for compacting the catchment part livestock trampling or compacting by machine can be 
used. Contour layout materials such as line level, meter tape and pegs.

9. Management and maintenance

The same cropped strips are cultivated every year. Clearing and compaction may be needed to improve runoff generation/
inducement and its distribution by making grooves or corrugations from the catchment to the cropping field. Under good 
management, continuous cultivation of the cropped strip can build up soil fertility and improve soil structure, making the 
land more productive. The catchment area can be used for grazing after the crop has been harvested.

10. Benefits and acceptability

In dry areas where farmers can set aside a strip of land for runoff generation it can produce crop and forage biomass. The 
stripping avoids the extra effort needed in the ploughing, seeding, weeding, cultivation, and harvesting, thus optimizing 
production in a given segment of farm.  It requires less farm labor compared to many other RWH measures

11. Limitation

Since a small ridge is formed during cultivation along the upstream edge of the cropped strip, uniform distribution of runoff 
across the cropped strip is a potential problem. To overcome this problem it is recommended that the cropped strip should 
not exceed 2m width, and that water distribution should be helped by good preparation of the strip surface. Difficult to 
apply in small parcel areas as farmers tend to try the whole field irrespective of the dryness.
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1. Name of the technology:  Inter row rainwater harvesting (RWH)

2. General description

Inter row systems, also called “roaded catchments” may be 
the best technique to apply on flat lands.

3. Geographical extent of use

200 -500 mm per year of rainfall, a soil depth of >1m, and 
slope of 0 to 5%.

4. Technical design requirements

Triangular cross sectional bunds or levees are constructed 
along the main slope of the land as shown in the picture 
and figure below.Can be fully mechanized especially for 
compacting (rollers). The ridge will represent the catchment 
area while the furrow is the cropped area. The bunds, with 
a height ranging from 40 to 100cm, are built at distances 
of 2 – 10m. Depending on design rainfall catchment to 
cultivated area ratio varies from 1:1 to 5:1. 

Runoff flowing down the slope is collected between the ridges and either directed to a reservoir at the end of a feed canal 
or to a crop cultivated between the ridges. When high value crops such as fruit trees and vegetables are involved, the bunds 
may be smoothed and compacted or possibly covered with plastic sheets.

Design and layout of inter row RWH system - when aridity 
increases plant density is less

Typical inter row RWH dimensions for the dry areas and 
its collection of excess runoff into a storage reservoir - 
Australia

5. Layout and construction procedures

Steps: i) Stake ridge and furrow; ii) Remove and pile the top soil near the cropping area; iii) Form the ridges and compact 
in both sides.

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation and planting.

7. Planning and mobilization requirements

Proper site investigation required. All necessary working tools should be mobilized to the site. Community and individual 
consultation prior to its introduction required.

8. Cost elements and work norm

It normally needs machinery such as ridgers and ditchers. When manual labor is to be applied, because of significant cut, 
fill, smoothing and compaction is required then worknom is like 2PD/M3 including all these tasks.

9. Management and maintenance 

The catchment area has to be weeded and compacted on a regular basis to maintain high runoff output. As the aridity of 
the area increases plants per row or strip decreases thus giving higher catchment to cultivated area ratio. Excess runoff can 
be directed and stored in the nearby dug-out pond.

10. Benefits and acceptability

Application of mulch under the tree crops will maximize the benefit. When used for tree crops, it provides sufficient moisture. 

11. Limitation

If machinery is not available then construction is by hand and is therefore labor intensive.High rainfall intensities may cause 
erosion.
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1. Name of the technology:  Eyebrow Basins; Eyebrow Terraces; Semi-circular Bunds

2. General description

Eyebrow basins or eyebrow terraces are larger circular 
and stone faced (occasionally sodded) structures for tree 
and other species planting.  Based upon experience they 
are effective in low rainfall areas to grow trees and harvest 
moisture. Can be constructed in slopes above 50% for spot 
planting. Controls runoff and contribute to recharge of water 
tables i.e. groundwater. For the eyebrow if laid out and 
constructed in staggered arrangement significant reduction 
in runoff can be achieved. Community acceptance and 
closure or fencing is important.

3. Geographical extent of use

Suitable in degraded areas, mostly in semi-arid and medium 
rainfall areas with shallow soils. Commonly practiced in dry 
as well as moist areas for the growth of trees and support 
to plantations in area closure. Applicable in steep and 
degraded hillsides (max slope100%) and for community 
closures. Can be combined with other measures such as  
hillside terraces, stone bunds, and trenches based upon soil, 
slope and stoniness. 

4. Technical design requirements

Size of 2.2-2.5 m diameter. Stone riser (or stabilized by brushwood or life fence). Foundation of 0.2m depth. Height 0.4-
0.6 m. Place larger stones on the back side (lower side) and smaller ones on the upper side so that space is effectively filled. 
Stone riser sealed with soil excavated from water collection area. Water collection area is dug behind the plantation pit: 1 
m width x 1 m length x 20-25 cm depth (lower side). Plantation pit (s) of 50cm depth x 40cm diameter dug between riser 
and water collection area. Water collection ditch can be placed sideways or in front of plantation pits depending on soil 
type. The distance between two EBs along the contour as well as consecutive rows of EBs is each 2.5m. The area occupied 
by one semi-circular or EB at the runoff to planted area ratio is 4:1 (see drawing) or 10m2 to 2.5m2. With this kind of 
spacing there exists 800 EBs per hectare. If trees happen to exist do the terrace around and pass so that the existing bushes/
trees will rejuvenate as they get additional  soil moisture. Design, layout and Photos are given below.

5. Layout and construction procedures

Few series of staggered lines of EBs or Semi-circular bunds can be constructed in between  widely spaced hillside terraces 
(say every 10-15 meters) on slopes up to 50% - rows of EBs decrease as distance between hillsides decreases > 50% slope 
(for example one line of HTs and one of EBs). Two planting pits per eyebrow basin can be arranged.

6. Period of implementation across season

Mostly during the dry season or after short rainy season for hard soils.

7. Planning and mobilization requirements

Agreements on use rights and management of treated areas (areas shared amongst individuals, groups or managed 
by community or mixed). See opportunities for land use certificates in protected areas. Arrange working groups for 
maintenance.

8. Cost elements and work norm

Precise layout using A-frame or other level; Collection of stones from working site; Excavation of foundation and construction 
of stone riser; Excavation of water collection area, cut and fill, plantation pit and sealing of stone riser. WORK NORM: 2 
EB/person day.
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9. Management and maintenance

a) Control grazing and closure of areas treated with EBs is necessary and is a precondition as even light trampling will 
     compromise their function;
b) Fodder legumes shrubs and cash crops (on better soils) can be planted along the filled area (Pigeon peas, Sesbaniasusban, 
     etc.) in addition to the tree, fodder/cash crops growing on EBs should not be uprooted but cut and carried.;
c) Manuring of plantation pits and mulching required (decrease evaporation and enhance growth);
d) Integration with strong check dams along depression points and small gullies;
e) EBs constructed using sods and stabilized with plants up to 20% slope);
f) Can also be planted with a mix of trees, shrubs and cash crops. and 
g) Multipurpose EBs (tree+fodder+cash crop) see also Page 1462 CBPWDG; Part I.

10. Benefits and acceptability

Reduction of runoff and sediments. Good for degraded hillsides rehabilitation. Area closure accompanied with EB terraces 
results in good regeneration.  Good potential to improve degraded and steep hillsides - mostly for area closure and 
multipurpose tree and fodder tree plantations. They are also very good groundwater recharging techniques for replenishment 
of water table. Already in use in many areas of the Highlands in the Eastern Nile Regions and acceptability is not a problem 
if planned and implemented as an integral part of community watershed management interventions. Together with other 
measures EBs can significantly improve watershed rehabilitation, biomass production and recharging of water tables.

11. Limitation

They are labor intensive techniques and can be applied in areas where farmers/communities are willing. Only applicable 
to small scale, mainly because their implementation is not easily mechanized
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1. Name of the technology: Micro-basins

2. General description

Micro-basins are small circular and stone faced (occasionally 
sodded) structures for tree planting. Micro basins are used in 
order to store precipitation water by collecting surface run-
off: low soil ridges – optionally supported with stone walls - 
are constructed in an enclosed shape to form a basin, which 
helps to prevent the water to further run off. The collected 
rainwater is then used for direct irrigation or infiltration into 
the soil to enhance soil moisture and recharge groundwater. 
Also used for optimization of water use in agriculture, 
conservation of soil moisture, surface and groundwater 
recharge.

3. Geographical extent of use

Suitable in degraded areas, mostly in semi-arid and medium rainfall areas with stony as well as shallow soils. Commonly 
practiced in dry and moist areas for the growth of trees and support to plantations in area closure. Applicable in steep and 
degraded hillsides (max slope 50%) and for community closures. They need to be often combined with other measures such 
as hillside terraces, stone bunds, etc. Can also be applied inside large gully areas for tree planting. Based upon experience 
they are not very effective in low rainfall areas (where trenches, eyebrows, etc. are preferred) because of competition for 
moisture.

  

4. Technical design requirements

Different design types are possible, including half-moon, v-shaped, diamond-shaped, trapezoidal, as well as contour 
bundbasins. Micro basins are mostly used for small-scale tree and bush planting in areas with moisture deficit. Each basin 
consists of a catchment area and an infiltration pit, which serves as the cultivated area. 

Micro-basins in a staggered arrangement

The field can be additionally protected from excess water 
runoff with the construction of a cut-off drain or a retention 
ditch. V-shaped micro basins are also called “negarims”. 
They are particularly common for fruit tree production in drier 
areas of Ethiopia, Israel and in several districts of Kenya. 
The height of the ridges relies strongly on the slope and the 
size of the catchment. Technical standards: i) Diameter: to 
range from 1- 1.5 m; ii) Stone riser: 0.2m;iii) Foundation 
and height: 0.2-0.4m above ground based on slopes; iv) 
Plantation pit: 0.4m diameter x 0.5m depth; v) Soil sealing: 
sealed with soil from cut area; vi) Constructed in staggered 
position between rows and in rather close spacing within row 
in case of 1 m diameter basins.

5. Layout and construction procedures

i) Layout in staggered position; ii) Foundation; iii) Placement of stone raiser; iv) Cut and fill and seal required so that the 
water should not leak unnecessarily; v) Construction of plantation pit.

6. Period of implementation across season

Mostly during the dry season or after short rainy season for hard soils.

7. Planning and mobilization requirements

Agreements for use rights and management of treated areas (areas shared amongst individuals, groups or managed by 
community or mixed). See opportunities for land use certificates. Arrange working groups for regular maintenance.

8. Cost elements and work norm

1 person day/5 micro-basins.
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9. Management and maintenance

Control grazing is a precondition for micro-basins as even light trampling will compromise their function.  Bunds have to be 
repaired immediately if they break. Fodder growing on micro-basins should not be uprooted but cut and carried. Few series 
of staggered lines of micro-basins can be constructed in between hillside terraces (say every 10-15 meters) on slopes up to 
30% - rows of micro-basins decrease as distance between hillsides decreases, especially > 30% slope. Controlled grazing 
and area closure necessary. Fodder legumes, shrubs can be planted along the filled area (Pigeon peas, Tree lucerne, 
etc.) in smaller planting pits instead of a tree. Manuring pits and mulching (decrease evaporation and enhance growth). 
Integration with check-dams in depression points and in gullies. Fully on individuals, groups +/- community. Development 
and extension workers, technicians follow up required to make it productive than remaining idle.

10. Benefits and acceptability

Simple design and construction; can be applied to even/ uneven grounds; and applicable for very small scale (e.g. only 
for a few trees).

11. Limitation

Labor intensive; Applied where farmers/communities are willing. Only applicable to small scale, b/c implementation is not 
mechanized.
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1. Name of the technology:  Trenches

2. General description:

Trenches are large and deep pits constructed along the contours with the main purpose of collecting and storing rainfall 
water to support the growth of trees, shrubs, cash crops and grass or various combinations of those species in moisture 
stressed areas (350-900 mm rainfall). Trenches can have flexible design, to accommodate the requirements of different 
species. Therefore, they can suit what the farmer want to grow. Trenches collect and store considerable amount of runoff 
water, thus vegetation grows faster and vigorous. They protect cultivated fields located downstream from flood and erosion. 
Part of the water captured by the trenches reaches the underground aquifer. Therefore, water tables are recharged and 
supply springs and wells with good quality water and for a long period of time (See Photos below). There are various 
trenches known by shape and size such as circular, square or trapezoidal and small or large.

Trenches on gently sloping hillsides and grazing lands- 
Atsbi-Wemberta, Tigray 

Trenches constructed on farmlands above soil bunds – 
Atsbi- Wemberta, Tigray

3. Geographical extent of use

On hillsides where soil at least 50 cm deep and not too rocky (from 5-50% slopes); On abandoned lands that you wish 
to restore for growing tree/shrubs or other crops; On portions of forest land or closures that should be enriched; On 
homesteads for growing high value trees or other crops. Do not construct trenches in rocky areas and steep slopes above 
50%. Highly suitable in many areas in the highlands to improve closures and plantations. Also relevant in pastoral areas to 
improve grazing reserves, aerial pasture, etc.  Smaller water collection trenches are also applicable in steep and degraded 
hillsides (max slope 100%) and for community closures. Can be combined with other measures such as hillside terraces, 
stone bunds, and trenches based upon soil, slope and stoniness. Can also be applied inside large gully areas for tree 
planting.

4. Technical design requirements

a) It can be constructed to grow 1 or up to 3 trees in each trench. The designs of the trench depend from the type of soil, 
rainfall, and the type and position of trees; b) Take advantage o f the water harvesting effect of the trench by planting 1 fast 
growing tree and 1 or 2 additional slow growing trees (which require less water); c) Catchment Area/Trench Area ratio CA/
TA is 3-5:1 (based on rainfall and tree water requirements) – normally 2-3 meters distance between lines of trenches - ratio 
can vary depending on dryness; d) Trench with two trees planted on pits dug in two ties; e) Trench with 1 tree planted in 
a tie and 2 trees on pits dug in front of trench; f) Trench with 2 trees planted in two ties and 1 tree planted in front of the 
trench; g) They are constructed in a staggered position one from another (triangle); h) No of trenches/ha from 800-1200; 
and N.B. For further detail see Pictures below and at the next Page and Pages 148-150, CBPWD National Guideline, 
2005, Part I.

5. Layout and construction procedures

a) Start from the top of the hill or field; b) Using an A-frame (or other level) the same size of the trench (2,5-3 m long) 
level the two tips of the frame and then mark the shape of the trench; c) Continue marking more trenches with the A-frame 
adjacently and below the first one; d) Spacing between two trenches laterally is 25-50 cm; e) After layout dig soil to reach 
20-25cm depth x 50cm width x 2,5-3m length (1); f) Keep some of the good topsoil aside for filling planting pit (s); g) Then 
dig a 50 x 50 cm wide x 40cm deep pit in the middle of the trench (2); h) Bottom of the pit should be 10-15 cm deeper 
than bottom of trench; i) Side ditches may slope towards ties for maximum utilization of light rain showers; j) Demarcate the 
tie around the pit (10cm from pit border on both sides) and proceed to deepen the collection ditch around the ties up to 
the required depth of 50cm (3); k) The embankment is to be shaped level and well compacted; and for more construction 
sequence and Figures – see Pages 148-150 CBPWD Guideline, 2005).
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                            Trenches in a staggered arrangement (left) and recharging pits/trenches (right)

6. Period of implementation across season

Mostly during the dry season or after short rainy season for hard soils.1 month before rainy season is good to enable the 
pit to weather.

7. Planning and mobilization requirements

Farmer groups and communities are trained in proper layout, design and construction; Make sure community agrees on 
groups and individual sharing of degraded hillsides; Discuss and decide the different type of trenches to construct based 
upon what farmers want and what is more appropriate based on type of soils and depth; If technology not introduced test at 
small scale first. Agreements on use rights and management of treated areas (areas shared amongst individuals, groups or 
managed by community or mixed). See opportunities for land use certificates in protected areas. Arrange working groups 
for maintenance.

8. Cost elements and work norm

Survey: A-frame level or water hose level linked to two poles placed at 3 meters distance. If not available use the normal 
water level hooked to a string linked to range poles placed at 5 meters distance. Tools: crow bars, pick axes and shovels 
(1 crow bar:2pick axes: 2 shovels ratio). For all trenches work norm includes excavation of soil, embankment, compaction 
and digging of plantation pit (s). The work norm is 2 person days per 3 trenches per day. For trenches 5 meters long and 
2-3 ties/pits apply 1PD/Trench/Day.

9. Management and maintenance

Cut unpalatable grass from trench and surroundings to mulch pits and water collection area. Apply compost into planting 
pit (s) and water collection ditch. Check distance, size and layout of trenches. If trenches have more than one tree check 
growth of trees and prune/thin as required. Heavily mulch and apply compost around fodder/cash crop belt. Mulching to 
continue for at least 2 years and apply compost for multipurpose trenches.

10. Benefits and acceptability

Reduction of runoff and sediments. Good for degraded hillsides rehabilitation. Area closure accompanied with trenches 
results in good regeneration.  Good potential to improve degraded hillsides and flat to gently sloping lands - mostly for 
area closure and multipurpose tree and fodder tree plantations. Are also very good groundwater recharging techniques for 
replenishment of water table. Already in use in many areas of the Highlands in the Eastern Nile Regions and acceptability is 
not a problem if planned and implemented as an integral part of community watershed management interventions. Together 
with other measures trenches can significantly improve watershed rehabilitation, biomass production and recharging of 
water tables. Can easily be understood/adopted after demonstration.

11. Limitation

They are labor intensive techniques and can be applied in areas where farmers/communities are willing. Need some 50 
cm of top soil to be applied.
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5. Layout and construction procedures

a) Start from the top of the hill or field; b) Using an A-frame (or other level) the same size of the trench (2,5-3 m long) 
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20-25cm depth x 50cm width x 2,5-3m length (1); f) Keep some of the good topsoil aside for filling planting pit (s); g) Then 
dig a 50 x 50 cm wide x 40cm deep pit in the middle of the trench (2); h) Bottom of the pit should be 10-15 cm deeper 
than bottom of trench; i) Side ditches may slope towards ties for maximum utilization of light rain showers; j) Demarcate the 
tie around the pit (10cm from pit border on both sides) and proceed to deepen the collection ditch around the ties up to 
the required depth of 50cm (3); k) The embankment is to be shaped level and well compacted; and for more construction 
sequence and Figures – see Pages 148-150 CBPWD Guideline, 2005).

                            Trenches in a staggered arrangement (left) and recharging pits/trenches (right)

6. Period of implementation across season

Mostly during the dry season or after short rainy season for hard soils.1 month before rainy season is good to enable the 
pit to weather.

7. Planning and mobilization requirements

Farmer groups and communities are trained in proper layout, design and construction; Make sure community agrees on 
groups and individual sharing of degraded hillsides; Discuss and decide the different type of trenches to construct based 
upon what farmers want and what is more appropriate based on type of soils and depth; If technology not introduced test at 
small scale first. Agreements on use rights and management of treated areas (areas shared amongst individuals, groups or 
managed by community or mixed). See opportunities for land use certificates in protected areas. Arrange working groups 
for maintenance.

8. Cost elements and work norm
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2-3 ties/pits apply 1PD/Trench/Day.
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pit (s) and water collection ditch. Check distance, size and layout of trenches. If trenches have more than one tree check 
growth of trees and prune/thin as required. Heavily mulch and apply compost around fodder/cash crop belt. Mulching to 
continue for at least 2 years and apply compost for multipurpose trenches.

10. Benefits and acceptability

Reduction of runoff and sediments. Good for degraded hillsides rehabilitation. Area closure accompanied with trenches 
results in good regeneration.  Good potential to improve degraded hillsides and flat to gently sloping lands - mostly for 
area closure and multipurpose tree and fodder tree plantations. Are also very good groundwater recharging techniques for 
replenishment of water table. Already in use in many areas of the Highlands in the Eastern Nile Regions and acceptability is 
not a problem if planned and implemented as an integral part of community watershed management interventions. Together 
with other measures trenches can significantly improve watershed rehabilitation, biomass production and recharging of 
water tables. Can easily be understood/adopted after demonstration.

11. Limitation

They are labor intensive techniques and can be applied in areas where farmers/communities are willing. Need some 50 
cm of top soil to be applied.
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1. Name of the technology:  Ridges and Tie Ridging

2. General description

This method is also known as furrow blocking, furrow damming, furrow diking, and basin listing. The principle or purpose 
is to increase surface storage by first making ridges and furrows, then damming the furrows with small mounds, or ties.  
Tied ridging is usually associated with mechanized farming. There have been some attempts at achieving it with ox-
drawn implements, but the system really needs high draught for speed and precision. Either ridging alone or tied ridging 
has occasionally been practiced using hand labor, but the high labor requirement usually makes this unpopular with 
subsistence farmers. Anyway hand-made ridges are usually less efficient. They are more likely to depart from a true contour 
and to have variations in the height of the ridge, both of which will increase the risk of overtopping. The system has been 
beneficial not only for reducing run-off and soil loss, but also for increasing crop yield. However, during high rainfall years 
or in years when relatively long periods within the rainy season are very wet, thus, resulting in lower yields.

Ties developed on flat lands, 
Zimbabwe

Ties developed on sloping lands, 
Zimbabwe

Tie-Ridger, developed by Melkasa 
Research Center - oxen drawn

3. Geographical extent of use

A high value of soil storage, usually deep soils with good infiltration and permeability. If applied on heavy clay soils it could 
result in erosion or water be lost to evaporation before it is used by plants.

4. Technical design requirements

The design question is when to go for drainage and when to go for storage.  Graded ridges alone will usually lead to an 
increase of surface run-off compared with flat planting, while tied ridges will decrease the run-off and increase the storage. 
In different seasons either of these two effects may be preferable. The possibility of hedging by tying alternate furrows is 
also possible. This would reduce the amount of damage by too much run-off or too much retention. In Ethiopia, within 
the Rift Valley system, oxen drawn ridgers have been developed. Three safety back-ups are required to minimize the risk of 
damage by erosion:
i)   the furrows should be on gentle grade to assist runoff if the ties fail;
ii)  the ties should be lower in height than the ridges so that the ties fail along the furrows before the ridges fail down the  
     slope;
iii)  there should be a back-up system of conventional graded channels terraces to prevent damage if the ridges do overtop 
     or fail.

5. Layout and construction procedures

Layout: No much need of surveying equipment as such but need perfect contoured furrows run with oxen or tractor. If tie 
ridges are to be made by hand then use of A-Frame is advised. Making an implement to form the ridges is straightforward, 
it is interrupting the ridging process to leave a tie that is difficult. Possibilities are: i) intermittent lifting by hand if the ridger 
is pulled by tractor or by oxen; ii) automatic lifting devices based on an eccentric wheel; and iii) intermittent hydraulic lift 
either manual or triggered by rotation of tractor wheels.

6. Period of implementation across season

During planting or seeding and also during cultivation operation or harrowing.

7. Planning and mobilization requirements

All necessary mobilization requirements for tillage and planting. Tied ridges are  ppreciated on individual plots where use 
right is secured. As they are meant to maximize moisture on cereal or row crops that are usually annuals they can even 
be practiced on rented land effectively. Point breakage by high intensity of rainfall can be checked and repaired during 
growing seasons.
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8. Cost elements and work norm: Working tools and materials

Implements for building tied ridges are tractors, oxen and ridgers to be trailed by tractor or oxen. For manual labor, hoe, 
shovels and pick axe with handles. ·tie ridging is usually an activity to be performed as a normal cultivation operation. If it 
has to be done by hand it will take 20 person days per ha. In Ethiopia, Maresha attached tie ridging can be carried out by 
2 person days per person each having pair of oxen. Staggering of the ties along neighboring furrows is required.

9. Management and maintenance

There is a danger of soil erosion if the ridges are overtopped and break so that the water temporarily stored in the 
depressions is suddenly released. This will not happen if the combination of surface storage plus the amount which 
infiltrates into the soil surface is less than the storm rainfall. This implies a high value of soil storage, usually deep soils with 
good infiltration and permeability. In some systems the infiltration is increased either by mulching in the furrow bottoms or 
by subsoiling or cultivating. Three safety back-ups are required to minimize the risk of damage by erosion are: i) the furrows 
should be on a gentle grade to assist run-off if the ties fail; ii) the ties should be lower in height than the ridges so that the 
ties fail along the furrows before the ridges fail down the slope; and iii) there should be a back-up system of conventional 
graded channel terraces to prevent damage if the ridges do overtop or fail.

10. Benefits and acceptability

There is an extensive literature reporting trials of tied ridging in many countries. A few of the reports indicate problems/
failures but the great majorities claim outstanding success. In many countries, for low rainfall areas such as  Rift Valley of 
Ethiopia, Katumani in Kenya; in the sandy soil of Lusitu in the Zambezi Valley; Negev Desert in Israel, Texas, and the Great 
Plains of the USA, Gujarat of India it is reported that substantial increases in sorghum, maize, millet, cotton yield for tied 
ridging compared with flat planting.  It is reported that tied ridging in Tanzania gave higher maize yields not only in low 
but in high rainfall years as well.

11. Limitation

Hand-made ridges are usually less efficient. They depart from a true contour and to have variations in the height.
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13. Rainwater Harvesting - Structural Storage
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General:

a) Rainwater harvesting with structural measures involves the design and construction of 
 structures.
b)  Unlike rainwater harvesting with soil storage, the structural storage deals with deep ponding 
 that are structurally stable and long lasting.
c)  In structural storage a lot of site selection, design, engineering drawing and preparation 
 of bill of quantities are involved.
d)  Structural storages need input of construction materials such as cement, sand, gravel, 
 stone, reinforcement bars, etc.
e)  They are economically expensive and starting from rooftop can be hand dug wells; spring 
 development, sub surface dams, sand dams, community or household ponds with silt-trap, 
 spillways and water take-off structures. 

Structural storages need to be integrated with water purification - if it is for domestic purpose. 
Also if structural rainwater harvesting structures are built underground they have to be in 
equipped with low cost water lifting systems. If the harvested water is to be used for backyard 
vegetable production then it has to be integrated with efficient water uses such as family drip 
systems and use of green houses. 

The rainwater harvesting measures - structural storages described as infotechs are the 
following:

1. Establishment of Haffir
2. Rehabilitation of wetlands
3. Community Ponds; Hillside Dam or Earth Dam
4. Household Ponds Using Geo-membrane Lining
5. Rooftop Rainwater Harvesting
6. Hand-dug Wells 
7. Spring Development
8. Subsurface Dam in Dry Sandy Rivers
9. Sand Dams
10. Water Harvesting in Check-dams
11. Spate irrigation
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1. Name of the technology:  Community Ponds; Hillside Dam or Earth Dam

2. General description

Community ponds are constructed or rehabilitated to store runoff water 
from wet seasons and be used during dry seasons. The purpose is to 
store rain/runoff water, primarily, for animals. They reduce erosion; 
increase groundwater table, for domestic purposes, and used for 
irrigation. Main parts of the community ponds are the storage area, 
embankment, inlet channel, silt traps, spillway, and water take-
off. Example of a community pond in Marodijeh Upper Catchment, 
Somalilnd, that needs rehabilitation - Photo taken on 05.07.2014 over 
the dry season.

3. Geographical extent of use

For arid and semi-arid areas. Recommended for low topographic 
gradient; relatively clay soils for being impervious. By its location can 
be on-stream resembling that of small earth dam or off-stream. Suitable 
sites for hillside dams can be found on almost any land with some slope 
that produces rainwater runoff.

The catchment can include roads, compounds, roofs, agricultural land and rock outcrops. To avoid contamination of the 
water, there should not be any pollution sources, such as drainage from villages, slaughter houses, latrines, rubbish pits, 
cattle dips etc. in the catchment area. The best soil type for constructing/ lining a water reservoir should have a high content 
of clay.

4. Technical design requirements

WL		=		NL		x		Ac		x		T
                 1000
WL :    Water needed for livestock during the  whole dry 
period in cubic meters
NL: Number of animals to be watered from the reservoir
Ac  :    Average rate of animal water consumption in liters 
per day per animal 25 - 60 liter/animal/day
T    :    Duration of the dry period in days 

Ir	(m3)	=		10	x	ETcrop	(mm)	x	Ca	(ha)
                                 Ef
Ir:Irrigation water requirements in M3 for the whole dry 
period
ETcrop:  Crop water requirement in mm during the dry 
period
Ca       :  Area irrigated with water  from the reservoir in ha
Ef        :  Overall water application efficiency

Wd		=						Po		x		Dc		x		T
                      1000
Wd :  Domestic water supply  during the dry period in cubic 
meters
Po  :  Users of the reservoir
Dc  :  Average rate of  water consumption in liters per day 
per person 40 liters / person / day
T    :  Duration of the dry period in days 

Evaporation losses:  Can be calculated or measured using 
evaporation pan.
Seepage losses: Difficult to assess as it depends on 
permeability of the prevailing soil. As a rule of thumb can 
be assumed equal to ETo losses.
Losses	=		Evaporation	losses	+		Seepage	losses
Evaporation	losses	=	ETo/day	X	Surface	area	of	reservoir		
Seepage losses  assumed to be equal to ETo /day Xbottom 
and side wall areas. 

Volume of storage can be estimated by assuming a half moon shape, i.e. semi-circle, diameter, and average depth.

Engineering drawing of a community pond
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5. Layout and construction procedures

Layout: One water line level, one range graduated in cm and 10 meters of string, meter tape for dimension measurement. 
Excavation, bulldozing and compaction by the machine. Excavation: Excavation work must be done in accordance with 
the dimensions given by the drawing. The base of each pond floor shall be level or to such grade as determined by the 
Site Engineer. 

Test Pits: Therefore the impermeability of the pond is of primary importance. The contractors shall dig test pits to the 
direction of the Engineer to determine the physical characteristics of the substrata and that it has adequate clay content. The 
test pits shall be maintained to a minimum depth of 1.0 m below the pond floor through the excavation works schedule.

Placement of Excavated Material: The excavated material should be placed on the top of the pond walls and at least 
3.0 m away from the excavated area to avoid it falling back into. Surplus material should be spread and leveled and not 
deposited in dumped piles.

Final Trim and Wall Batters: To minimize erosion and consequent deposition of earth in the pond, the Contractor shall 
grade the walls to an average batter of 3:1 both on the inside and outside banks. This may be done by bulldozer blade or 
grader or manually. Batters of greater 2.5:1 are unacceptable and in such case the Contractor shall be required to take 
corrective measures. The pond walls crests shall be leveled.

Site Cleanup: The site shall be left in a clean and tidy condition with surplus earth properly disposed of and all dump sites 
reclaimed. 

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation. Construction shall start and be completed in 
the dry season.

7. Planning and mobilization requirements

Proper site investigation required. All necessary construction materials and working tools should be mobilized to the site 
including timely demobilizing it when the work finished. Contractor should not be trapped in wet seasons in the area. On 
completion all the necessary site cleanup should be carried out.

4. Technical design requirements

Volume of storage can be estimated by assuming a half moon shape, i.e. semi-circle, diameter, and average depth.

8. Cost elements and work norm

Based on engineering drawing and BoQ.  It can be done using machine such as heavy duty bulldozers. If it is necessary 
to involve local community labor, for some or whole sections of the pond, then the work norm is 0.5m3 per person day is 
assumed. Oxen scooping can also applied through demonstration and its promotion. Working tools and materials: shovels 
and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc. - if community labor is to be involved for some 
or whole sections of the ponds.

9. Management and maintenance

Ponds or small earth dams do not have a major impact, except if many small dams are constructed in the same catchment, 
in which case their combined effect could be significant. The impact can be both negative and positive. Quality design and 
construction avoids any negative environmental effects. After construction of a community pond it must be fenced possibly 
by live fencing. Before the onset of rainy seasons desilting and reconstruction of damaged channel is required.

10. Benefits and acceptability

Well practiced traditionally and a lot of experience already exists. Ideal water supply sources for livestock, domestic and 
irrigation. Community ponds are curved walls (sometimes half-moon shaped) built on hillsides and very gently sloping land 
are the simplest and cheapest earth dams to locate, design, construct, repair, maintain, and manage.

11. Limitation

The high number of livestock roaming around the pond could cause devastation of the vegetation, trampling and increase 
soil erosion. Water is lost to evaporation. Reduction in seepage loss occurs gradually overtime.
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1. Name of the technology:  Establishment of Haffir

2. General description

Haffirs are simple hydraulic structures 
that deal with impoundment of water. 
Usually trapezoidal in shape. Although 
they are simple structures, they must 
have all and proper components 
that any hydraulic structure requires. 
They are primarily meant for livestock 
watering. But by including treatment 
measures can be used for domestic 
purposes too. Haffirs are selected for 
the simple reason that there are no 
other water sources like ground water 
or surface water sources. See Photo 
of Haffir under construction in Kedalo 
area, Mukla village.

3. Geographical extent of use

This is a unique water harvesting systems for arid zone areas. The thickness of the clay soil is more than 6m like in Sinnar 
and Blue Nile States but they may not be acceptable in most parts of Kassala and Red Sea States as the thickness of the clay 
soil is less than 6m. In Sudan with over 1,500 Haffirs nationwide, is one of the few countries using it. In Southern Sudan, 
Haffirs provide water to livestock, agriculture, humans and to some extent wildlife. 

4. Technical design requirements

The components of a Haffir that need to be designed are: i) Feeding facilities; ii) Drainage facilities; iii) Seepage control 
structures; and iv) The design and peak flows must be estimated by a hydrological study. Further design considerations 
are: reconnaissance and feasibility study of construction site; topographical survey for gravity system; hydrological and 
geological survey; estimating the demand side of the Haffir i.e. number of livestock and human and design of the different 
components of the haffir (See community pond above). 

The components of improved Haffirs  are:
a) Haffir; b) Raw water pump; c) Slow sand filtration systems  
(that include sedimentation tank and filtration units), or 
chemically assisted water treatment systems (that include 
flocculation and coagulation systems, rapid sand filters and 
chlorinator etc); d) Clear water well; e) Clear water pump; f) 
pump/generator house
g) Elevated steel reservoir; h) distribution points; and i) 
Animal trough (raw water is diverted to the trough before 
it is treated)
Dimensions of the current typical standard design for 30,000 
m3 capacity Haffirs are:
•	 Top	 width	 70m;	 Top	 length	 130m;	 Depth	 4m;	 Bottom	
width 54m; Bottom length 114m and;  

5. Layout and construction procedures

•	 	Haffirs	should	be	selected	in	places	where	there	is	clay	soil	and	where	there	are	available	construction	materials.	The	 
     depth of the clay soil should be determined during the feasibility study using augering kits at least at three points on  
      each Haffir site.
•	 	Estimation	of	turbidity	of	the	water	in	a	Haffir	to	be	constructed	can	be	extrapolated	using	the	available	data	in	the	area	 
    or by measuring the turbidity of water in the nearby Haffirs, which are selected randomly or specifically during the  
     feasibility study.
•	 A	quick	assessment	conducted	in	October	and	November	2006	in	different	states,	showed	the	levels	of	turbidity	to	be	 
     in the range of 250 and 500 NTU (Nephlometric Turbidity Unit).
•	 Before	any	construction	starts,	the	layout	of	the	Haffir	should	be	marked	on	the	ground.	The	excavated	soil	should	be	 
   used for the construction of the embankments of the Haffir, which should be well compacted using appropriate  
    compaction equipment. The sides of Haffirs should have a slope of 2:1 (2 units horizontal for every 1 unit of vertical  
    depth). The embankments of the Haffirs should be constructed with a side slope of 3:1 and top width of minimum 3  
      m preferably 4m. Less than 3m width will make the use of equipment difficult during maintenance. On the upstream side  
     of a Haffir (for rain water harvesting), embankments should be connected on both sides to flow diverting embankments.
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6. Period of implementation across    
    season

Only during the dry season and period 
not interfering with land preparation. 
Construction shall start and be 
completed in the dry season.

7. Planning and mobilization  
    requirements

Stakeholders mobilization: Identifying 
and mobilizing potential stakeholders 
is an important step in the realization 
and sustainability of the haffir both 
for humans and livestock. Community 
involvement (including women) in 
decision making at all stages of the 
project will promote sustainability. 
Problems that may arise during the 
implementation of the water supply 
system such as for example, land 
ownership, could be easily solved if 
the local authorities are brought on 
board and are involved in the decision 
making process.

8. Cost elements and work norm

Haffirs are constructed in Sudan using earth moving equipment. Cost elements is composed of a number of parts such as 
the approach canal, the silt trap or retention basin fitted with wire mesh to avoid the floating debris, inlet pipe or inlet well, 
fencing with angle iron or gabion wire or barbed wire, water pump, water tank, water trough for large as well as small 
ruminants, water take off from stand pipes for humans, water take off for donkeys, water take off by lorries, spillway, proper 
compaction of the embankment, lining of the haffir surface with clay soil for maximum retention, a number of pipe fittings, 
abstraction well, etc.

9. Management and maintenance

•	 	The	establishment	and	maintenance	and	sustainability	of	Haffir,	requires	the	involvement	of	skilled	personnel.
•	 	Haffirs	should	be	fenced	and	protected.	Fencing	should	include	the	silt	retention	area	in	order	the	community	be	able	to	 
   manage the whole available water source and to minimize pollution and hygiene hazards during storage and  
      abstraction. The most common is with angle irons posts and barbed wire mesh. The choice of fencing depends on cost  
     analysis and the comparative advantage of the two types of fencing. Fencing will prevent direct access of livestock to  
      the improved Haffir and its corresponding silt retention area.
•	 	To	ensure	a	strong	and	capable	community	management	system,	capacity	needs	of	the	community	members	should	be	 
      enhanced;
•	 	The	 size	and	makeup	of	 the	management	 committee	 (ensuring	gender	balance)	will	 depend	on	 location	and	 the	 
       revenue generating capacity of the facility. The minimum number on a committee should not however, be less than 5.
•	 		A	community	based	management	system	that	is	enforced	by	viable	tariff	and	strong	legislations	is	recommended.	A	 
       substantial part of the revenue should be allocated to maintain and improve the facilities.
•	 		Stabilization	of	the	bank	with	perennial	bushes,	shrubs	and	grass	could	be	useful.

10. Benefits and acceptability

Because Haffirs are considered in needy areas decisions are made at local level; Community mobilization is possible and 
fast; Mobilization of additional resources is possible;

11. Limitation

•	 During	the	rainy	season	raw	water	coming	into	the	Haffir	contains	large	amount	of	suspended	solids.	
•	 Experience	has	shown	that	over-sizing	a	Haffir	(instead	of	constructing	an	additional	Haffir	in	another	location	)	can	 
     attract people from other areas, lead to overuse and increased over-grazing by livestock from other areas and is likely  
     to trigger conflicts.
•	 Under-sizing	a	Haffir,	on	the	other	hand,	would	result	in	empting	the	Haffir	in	a	short	period	of	time,	which	will	create	 
     mistrust between the users and implementing agency as the facility does not provide service for the whole year. 
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6. Period of implementation across    
    season

Only during the dry season and period 
not interfering with land preparation. 
Construction shall start and be 
completed in the dry season.

7. Planning and mobilization  
    requirements
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for humans and livestock. Community 
involvement (including women) in 
decision making at all stages of the 
project will promote sustainability. 
Problems that may arise during the 
implementation of the water supply 
system such as for example, land 
ownership, could be easily solved if 
the local authorities are brought on 
board and are involved in the decision 
making process.
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     analysis and the comparative advantage of the two types of fencing. Fencing will prevent direct access of livestock to  
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•	 	The	 size	and	makeup	of	 the	management	 committee	 (ensuring	gender	balance)	will	 depend	on	 location	and	 the	 
       revenue generating capacity of the facility. The minimum number on a committee should not however, be less than 5.
•	 		A	community	based	management	system	that	is	enforced	by	viable	tariff	and	strong	legislations	is	recommended.	A	 
       substantial part of the revenue should be allocated to maintain and improve the facilities.
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10. Benefits and acceptability

Because Haffirs are considered in needy areas decisions are made at local level; Community mobilization is possible and 
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•	 During	the	rainy	season	raw	water	coming	into	the	Haffir	contains	large	amount	of	suspended	solids.	
•	 Experience	has	shown	that	over-sizing	a	Haffir	(instead	of	constructing	an	additional	Haffir	in	another	location	)	can	 
     attract people from other areas, lead to overuse and increased over-grazing by livestock from other areas and is likely  
     to trigger conflicts.
•	 Under-sizing	a	Haffir,	on	the	other	hand,	would	result	in	empting	the	Haffir	in	a	short	period	of	time,	which	will	create	 
     mistrust between the users and implementing agency as the facility does not provide service for the whole year. 
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1. Name of the technology: Rehabilitation of wetlands; Rehabilitation of ''Mayas''

2. General description

Rehabilitation of wetlands is a management concept 
than a technology. The term wetland is given to a variety 
of ecosystems, ranging from rivers, springs, and seeps 
in the upper catchment; to midland marshes, ponds and 
floodplains; to coastal lakes, mangroves and estuaries at 
the bottom of the catchment. These ecosystems are all driven 
by water. The prolonged presence of water determines soil 
characteristics, and plant and animal species composition. 
Any area that experiences a prolonged period of wetness 
that over time affects the plants, animals and soil type that 
occurs is defined as a wetland. Wetlands are threatened with 
overgrazing,  excess cattle trampling and the wrong burning 
regime, removal of stream bank and riverside plants, 
expanding cultivation, artificial draining such as pumping 
for irrigation,  invasion by alien plant species and flooding 
because of land disturbances in the upper catchment, etc. 
The worst damage anyone can inflict on a wetland is to 
drain it for the production of pastures and crops. Protection; 
rehabilitation and management of wetlands or ''Mayas'' is a 
common term in wetland management.

3. Geographical extent of use:

Unlike artificially created water / wet bodies wetlands exist naturally. In the Eastern Nile Regions wetlands are found in 
Baro-Akobo-Sobat and White Nile, Abay-Blue Nile and the Main Nile Sub-Basins. Wetlands in South Sudan are Machar, 
Sudd, etc. In the Ethiopian highlands there are wetlands surrounding Lake Tana. In Sudan there are wetlands in the Dinder 
National Park also called ''Mayas''. 

Wetland types: The most common wetland types are:
1. Floodplain;
2. Valley bottom – channeled and un-channeled;
3. Hill slopes with seepage or without seepage;
4. Depressions or pans and oxbow lakes; 

5. Riverine (next to a river);
6. Marshes;
7. River;
8. Estuary.

4. Technical design requirements

1. Stabilize the banks of rivers - plants are the best and  
  cheapest solution to solving riverbank erosion. For  
     shallow slopes a large variety of herbaceous plants with  
     a dense surface root mat and ground cover are effective  
    for stabilizing the soil that can erode rapidly (Examples  
   include: papyrus, bulrushes, reeds, sedges and couch  
     grass; 
2. Herbaceous plants protect against scouring of riverbeds  
   and wetlands increasing soil stabilization. Herbaceous  
      plants absorb the energy of fast flowing water rather than  
      reflecting it, slowing it down so it does not cause erosion; 
3. Other erosion control measures include mesh mats made  
     of either coir or sisal. These mats help to stabilize banks  
   and help vegetation to establish. In approved areas  
     Vetiver grass can also be used; 
4. Plants or grass used to stabilize banks must be planted in  
   rows along the contour lines in order for them to be  
     effective in reducing soil erosion;

5. Herbaceous cover plants are ideal for shallow banks and  
   gentle slopes but for steeper slopes indigenous trees  
    (that are suitable for riparian zones) are a better option  
   as their roots reach deep down and stabilize the soil.  
   For rehabilitation it is important to select and correctly  
    place plants with vigorous rooting growth characteristics  
   that will accelerate natural succession and deal directly  
    with the problem on the site;

6. Look around and see what indigenous species are  
   growing in the area you are about to rehabilitate, it is  
   always best to use local plant species. An excellent list  
    of suitable trees and herbaceous plants is provided in the  
    Wetland Fix series found on a website (www.wetland.org.za).
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5. Layout and construction procedures

Methods of rehabilitating wetlands:
•	 Prior	to	rehabilitation	the	development	of	a	basic	wetland	inventory	is	required;	
•	 Blocking	drainage	channels	that	drain	water	from	or	divert	polluted	water	to	the	wetland,	with	gabions	or	earthen	plugs;	
•	 Placing	plugs	in	gullies,	to	help	with	bank	and	soil	stabilization;
•	 Fencing	 off	 sensitive	 areas	 to	 keep	 grazers	 out	 and	 fence	 off	 areas	 that	 have	 been	 disturbed	 and	 need	 time	 for	 
     vegetation to re-establish; Planting of vegetation to stabilize the soil;
•	 Filling	in	and	compacting	gullies	with	soil	from	other	areas;
•	 Plug	gully	channels	 to	restore	or	create	wetlands.	These	can	also	be	used	to	stabilize	and	raise	 the	channel	 floors,	 
    thereby reducing velocity; Cement structures such as a cement head cut repair. This assists in reducing water velocity  
     and helps reduce erosion and contain the head cut; 
•	 Another	option	is	a	cement	head-cut	repair	this	creates	a	type	of	settling	pond	which	reduces	the	speed	at	which	the	 
     water flows through the wetland. It also creates an area where settlement can occur;
•	 Gabion	structures	which	assist	in	bank	and	soil	stabilization,	reducing	erosion	and	decreasing	the	speed	of	water	flow.	 
     They also provide an area for vegetation to establish;
•	 Insertion	of	grass	bales,	these	help	bind	soil	and	slow	the	rate	at	which	water	travels.	The	slower	the	water	flow,	the	lower	 
     the erosive power of water. Binding and stabilizing soil prevents the soil from being washed downstream. The insertion  
     of grass bales creates a backflow of water back into the wetland, pushing the water outwards to create a marshy area.  
     Protect them from wild fires. They will degrade over time.

6. Period of implementation across season

Throughout the seasons and all year round. 

7. Planning and mobilization requirement

One of the most important aspects of managing a wetland is to repair damage from poor land use.  The key action is:
1. Catchment based approach is vital
2. Important to have partnerships working at all levels simultaneously
3. Long term investment needed
4. Working on public awareness for buying in
5. Must have strong research and info base
6. NGO’s vital as a catalyst, but government vital for implementation and funding
7. Monitoring is essential to substantiate efficient use of money
8. Stewardship of wetlands after rehabilitation is vital
9. Exit strategies for workers to ensure they do no re-enter poverty

8. Management and maintenance

Once the rehabilitation has been completed a monitoring program should be implemented to ensure whether the 
rehabilitation is successful. Building the capacity of field workers to better understand and manage wetlands.  Integrating 
wetland rehabilitation with poverty alleviation and water management is also very crucial. 

9. Benefits and acceptability

Wetlands are areas where water flow is slowed and sediment 
is captured. Where high erosion occurs more sediment is 
removed from the wetland than what is captured. Wetlands 
are potential sources of biodiversity by being life sources 
for many flora and fauna. For example Tana Lake, Sudd 
and Mechar wetlands are sources of many resident and 
migratory birds. They also increase the amount of sediment 
in the water thereby decreasing water quality. Wetlands 
play significant role in purifying water through their natural 
vegetation and flow regime. 

The importance of wetlands are:
•	Store	water	and	release	it	during	dry	periods
•	Purify	water;	Erosion	control;	Recreational	use
•	Recharge	groundwater
•	Regulate	floodwater	and	streams	(Summer:	hold	back,	
Winter: release); Conserve special plants and animals
•	Environmental	education

10. Limitation

Continuous and routine effort on wetland management as well as its rehabilitation is required and it is not a short term task. 
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161

1. Name of the technology: Household Ponds using geo-membrane lining

2. General description: 

In the dry areas where groundwater and stream 
flows are not accessible or not feasible, ponds 
are the only options. However, ponds require 
proper lining material to control seepage. 
To line means to cover the pond surface for 
minimizing the seepage loss. Seepage is the 
flow of water through the soil pores under a 
pressure gradient. It is a fundamental problem 
in surface ponds. From practical observation 
water loss through seepage, not lined surface 
ponds, reaches up to 24 liters/day/m2 in direct 
contact with the water. Therefore, to avoid this 
seepage loss various seepage control methods 
are available of which sealing by compaction; 
clay lining or clay blankets, bentonite,  treatment 
with chemical Additives, and sealing with flexible 
membranes. In spite of the skyrocketing prices of 
purchased construction materials (cement and 
reinforcement iron bars) the only lining material 
potentially available and need to be promoted 
is the geo-membrane lining.

Plastic lined pond in the middle of vertisol  – Bichena, Gojam and is 
used for supplementing/ secondary cropping

3. Geographical extent of use

Dry, semi-arid and sub moist areas too, where seasonal and permanent streams are far away from the reach of poor 
farmers and herders and so do their scattered parcels. The local water source available is rainfall. In such an environment 
normal production without irrigation water for crops is difficult unless supplemented by tapping runoff from elsewhere. 
Rural households usually women and children directly or indirectly spend much of their productive time in search of water 
for domestic consumption and livestock drinking purpose.

4. Technical design requirements

A) Round shaped ponds (cemented and not cemented); For detail design procedures consult additional guidelines and 
reference materials: Usually 4-6 meters radius and 3-4 meters deep. The cone of the pond is truncated at its bottom, allowing 
for 2-3 meters dia. flat bottom. Volume calculated approximately as Figure below, 1a based on small micro-catchments 
(400-1000m²), supply of excess runoff from feeder roads, footpaths, small closures, grazing areas, compounds, etc. Use 
pole and string with knots placed at different diameters based on size of pond to facilitate excavation. The bottom and 
sides of ponds should be tightly stone paved/faced using mortar (cement/sand 1:4), reinforced with mesh and plastered 
(cement/sand ratio 1:2-3). Moist the cemented wall /bottom for 2-3 weeks after construction to avoid cracks.

B) Square or rectangular ponds: depth (2.5m to 3.5m) - may be larger in size. Side slope 1:1. Size of pond and volume 
as in Figure below 1-b. Rectangular ponds are usually cheaper, not cemented and used mostly to supplement water during 
rainy season (during dry spells). To reduce seepage a system of stone paving + a clay blanket (10-15cm layer) and/or 
plastic sheets can be used. There are three primary methods of field seaming for geo-membrane seaming (to seam means 
to stitch together): i) Adhesive seaming; ii) Chemical fusion seaming; and iii) Thermal fusion welding. Most commonly, 
though, the thermal fusion welding is more common. 
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5. Layout and construction procedures

i) Site selection and screening methods (use of Topo-maps and 
GIS tools); ii) Catchments characterization for sediment and 
run-off yield estimation; iii) Detail site investigation including 
pond site; iv) Criteria for design and detail design steps 
that includes design for the embankment and appurtenant 
structure such as storage, spillways, inlets, silt trap, water take 
offs, etc.); and v) Estimating volume of earth works. Stepped 
digging for maintaining the side slope (See Picture right).

Placement of anchor trench for exposed lining Placement of anchor trench for buried lining

The catchment can include roads, compounds, roofs, agricultural land and rock outcrops. To avoid contamination of the 
water, there should not be any pollution sources, such as drainage from villages, slaughter houses, latrines, rubbish pits, 
cattle dips etc. in the catchment area. The best soil type for constructing/ lining a water reservoir should have a high content 
of clay.

6. Period of implementation across season

Only during dry season and min, and possibly about a month before rains likely to occur.

7. Planning and mobilization requirements

Planning follows groups and individual owners’ agreement on location, source of runoff to exploit, purpose, type of crops 
and management. Groups of 3-5 households work together to increase efficiency. Skilled mason required for cemented 
structures such as silt traps and crowning i.e. sealing at the edge of pond the plastic and some concrete work.

8. Cost elements and work norm

i) Excavation (1PD/0.5 m³); ii) Stone collection and shaping PD/0.5m³) for stone stepping/facing of walls; iii) Shading 
(thatched roof, etc for small sizes); iv) Others as required (such as small cutoff drains and waterways see other
infotechs); and cost of lining geo-membrane depending of sites/places and its transport.

9. Management and maintenance

When it gets punctured the practice of maintaining it easy. It has already been started/developed by the farmers themselves 
or local practitioners (by using used plastic products, heat, gluing using adhesives of bicycle inner tube maintenance 
techniques, etc.).

10. Benefits and acceptability

Compared to other lining methods flexible geo-membrane has the following advantages: i) If the seaming and lining is 
done properly then zero seepage loss can be achieved; ii) It can be applied to various soil types (i.e. fine, medium and 
coarse course textured soils); iii) The cost is becoming less and less as its availability and acceptability is increasing by 
private geo-membrane producers as well; and iv) It can be transported easily from place to place.

11. Limitation

Not suitable in unstable soils, e.g. sandy/sandy loam or very expandable soils; Water not suitable for domestic drinking 
purposes unless it is treated well; May induce water borne diseases; Limited efficiency - only for supplementary irrigation 
of small plots.
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1. Name of the technology: Rooftop Rainwater Harvesting

2. General description

Roof water harvesting is a system for the collection of 
rainwater for domestic water supply. Roof catchments 
are used to collect water for households, schools, 
and other community institutions. Gutters and ground 
storage tanks are required to collect rainwater from 
roofs.

3. Geographical extent of use

Suitable for arid and semi-arid areas where rainwater 
is the most accessible water source. It is more 
recommended for bimodal rainfall pattern areas than 
unimodal one. Because the tank can be used during 
the two dry seasons in between.

4. Technical design requirements

The volume of the storage tank can be determined by the following factors: i) Number of persons in the household: The 
greater the number of persons, the greater the storage capacity required to achieve the same efficiency of fewer people 
under the same roof area; ii) Per capita water requirement: This varies from household to household based on habits and 
also from season to season. Consumption rate has an impact on the storage systems design as well as the duration to 
which stored rainwater can last; iii) Average annual rainfall; iv) Period of water scarcity: Apart from the total rainfall, the 
pattern of rainfall -whether evenly distributed through the year or concentrated in certain periods will determine the storage 
requirement. The more distributed the pattern, the lesser the size; v) Type and size of the catchment: Type of roofing material 
determines the selection of the runoff coefficient for designs. Size could be assessed by measuring the area covered by the 
catchment i.e., the length and horizontal width. The larger the catchment, larger the size of the required cistern (tank). Dry 
season demand versus supply approach: In this approach there are three options for determining the volume of storage: 

1. Matching the capacity of the tank to the area of the roof;
2. Matching the capacity of the tank to the quantity of water required by its users; and
3. Choosing a tank size that is appropriate in terms of costs, resources and construction methods.

In practice the costs, resources and the construction methods tend to limit the tanks to smaller capacities than would 
otherwise be justified by roof areas or likely needs of consumers. For this reason elaborate calculations aimed at matching 
tank capacity to roof area is usually unnecessary. However a simplified calculation based on the following factors can 
give a rough idea of the potential for rainwater collection. Illustration: Suppose the system has to be designed for meeting 
drinking water requirement of a five-member family living in a building with a rooftop area of 100 sq. m. The average 
annual rainfall in the region is 600 mm (as an example). Daily drinking water requirement per person (drinking and 
cooking)	is	10	liters.	Design	procedure:	Following	details	are	available:	Area	of	the	catchment	(A)	=	100	sq.	m;	Average	
annual	rainfall	(R)	=	611	mm	(0.61	m);	and	Runoff	coefficient	(C)	=	0.85

 1. Calculate the maximum amount of rainfall that can be harvested from the rooftop: Annual water harvesting potential 
=	100	x	0.6	x	0.85=>	=	51	cu.	m.	(51,000	liters);
2. Determine the tank capacity: This is based on the dry period, i.e., the period between the two consecutive rainy seasons. 
For example, with a rainy season extending over four months, the dry season is of 245 days.
3.	Calculate	drinking	water	requirement	for	the	family	for	the	dry	season		=	245	x	5	x	10	=>	=	12,250	liters	

As a safety factor, the tank should be built 20 per cent larger than required, i.e., 14,700 liters. This tank can meet the basic 
drinking water requirement of a 5-member family for the dry period. 
Salient features of this approach:

1. Simplest approach to system design but is relevant only in areas where distinct dry seasons exist;
2. Provides a rough estimate of storage volume requirements;
3. This method does not take into account variations between different years, such as the occurrence of drought years. It  
    also entirely; ignores rainfall input and the capacity of the catchment to deliver the runoff necessary to fill the storage  
    tank;  
4. This technique can be used in the absence of any rainfall data and is easily understandable to the layperson. These  
     points are relevant when designing systems in the remote areas of developing countries where obtaining reliable rainfall  
    data can be difficult.
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5. Layout and construction procedures

i) Based on the total volume determine the inner radius of the tank; ii) The wall is made either by solid cement block 
(20cm), stone masonry (40cm) or reinforced concrete (6-10cm). This is excluding the two levels of plastering; iii)The best 
quality materials available in the market should be used for all the construction with excellent workmanship; iv) The sand 
for construction as well as for making mortar must be taken from the dry riverbeds and should be free from dust, clay, 
and organic material; v) The course aggregate for foundation should be 2 cm, rounded and well graded that is taken 
from a crusher and not from the nearby hills; vi) The cement should not have reached its expiry date and be contained in 
its original 50 kg bags; vii) Cement bags that has opened and put in other bags or containers should be avoided in all 
circumstances - cement should be dry powder that is free from hardened lumps; viii) Water used to mix the cement shall 
be clean and free from impurities such as silt, and other contaminants; ix) All the necessary pipe fittings for inlet and outlet 
(PVC pipes), gutter, and downpipe should be used as per the drawing. Construction sequence: 

a) Site clearance: The site must be cleared of all sand, rubbish materials and vegetation before the start of the work. The 
site should be cleaned before starting excavation and zero leveled using water tube level or line level.
b) Digging the foundation ground: The ground should be dug with the center of the radius on a peg and the radius;
c) Construction: The foundation is minimum 30cm depth and should have an extra footing of 20cm - with cement/sand 
mortar of ratio 1:4. The wall of the tank is constructed with Solid Cement Block and mortar using 1:3 mortar ratio.

d) Plastering of the walls: Apply two coat of plaster with 
ratio of mix (1:3) 10mm thick on all faces of  internal 
and external walls (ring beam) including the bottom 
part of the tank.
e) Roof Structure:  Supply and install corrugated iron 
sheet 28 gauge and hard wooden roof trusses (wooden 
purlins). Alternatively the rooftop can be covered with 
reinforced concrete. Proper manhole of 50x50cm is 
to be fixed with a lock. The outlet should be on the 
opposite side of the inlet and should direct to garden 
irrigation plots.
f) Gutter: All the roof area of the school should be 
utilized for maximum storage. Semi-circular gutter with 
brackets should be fitted with a slope of 1m horizontal 
and 1cm vertical.

6. Period of implementation across season

Only during the dry season and should be finished before the rainy season commences.

7. Planning and mobilization requirements

Individual household are responsible for planning and implementation of the activity. It requires skilled manpower for 
installation of this system. For institutional RWH awareness raising and sensitization of beneficiaries.

8. Cost elements and work norm:

Tank, gutters, cement, pipes, skilled mason or an artisan, etc.

9. Management and maintenance

Responsibility is at household level with support provided by water experts. Proper maintenance through cleaning the 
gutters and storage tanks from debris and other materials regularly. Once the original cost is covered/committed then its 
acceptability and replicability is high, especially for dry areas. Provided the roof catchment area is enough and affordable, 
this system could be integrated with vegetable gardening and livestock rearing (small scale poultry production). An overflow 
could be directed to backyard vegetable production. Storage tanks could be made of concrete and placed underground. 
Plastic tanks could also be used for small roof catchments. Once the roof water harvesting system is constructed, the HH 
needs be trained on the operation and maintenance.

10. Benefits and acceptability

Used for drinking and washing, school kids can practice garden vegetables. It eases the distance travelled by children and 
the school community to collect water from distance sources. Reduce workload of children by availing water at their school 
site. The water is more clean compared to ''Berkads'', open ponds, and shallow hand-dug-wells.

11. Limitation:

No negative effect on the environment. It is costly for rural households because of skilled manpower needed in constructing 
the parts.
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5. Layout and construction procedures

i) Based on the total volume determine the inner radius of the tank; ii) The wall is made either by solid cement block 
(20cm), stone masonry (40cm) or reinforced concrete (6-10cm). This is excluding the two levels of plastering; iii)The best 
quality materials available in the market should be used for all the construction with excellent workmanship; iv) The sand 
for construction as well as for making mortar must be taken from the dry riverbeds and should be free from dust, clay, 
and organic material; v) The course aggregate for foundation should be 2 cm, rounded and well graded that is taken 
from a crusher and not from the nearby hills; vi) The cement should not have reached its expiry date and be contained in 
its original 50 kg bags; vii) Cement bags that has opened and put in other bags or containers should be avoided in all 
circumstances - cement should be dry powder that is free from hardened lumps; viii) Water used to mix the cement shall 
be clean and free from impurities such as silt, and other contaminants; ix) All the necessary pipe fittings for inlet and outlet 
(PVC pipes), gutter, and downpipe should be used as per the drawing. Construction sequence: 

a) Site clearance: The site must be cleared of all sand, rubbish materials and vegetation before the start of the work. The 
site should be cleaned before starting excavation and zero leveled using water tube level or line level.
b) Digging the foundation ground: The ground should be dug with the center of the radius on a peg and the radius;
c) Construction: The foundation is minimum 30cm depth and should have an extra footing of 20cm - with cement/sand 
mortar of ratio 1:4. The wall of the tank is constructed with Solid Cement Block and mortar using 1:3 mortar ratio.

d) Plastering of the walls: Apply two coat of plaster with 
ratio of mix (1:3) 10mm thick on all faces of  internal 
and external walls (ring beam) including the bottom 
part of the tank.
e) Roof Structure:  Supply and install corrugated iron 
sheet 28 gauge and hard wooden roof trusses (wooden 
purlins). Alternatively the rooftop can be covered with 
reinforced concrete. Proper manhole of 50x50cm is 
to be fixed with a lock. The outlet should be on the 
opposite side of the inlet and should direct to garden 
irrigation plots.
f) Gutter: All the roof area of the school should be 
utilized for maximum storage. Semi-circular gutter with 
brackets should be fitted with a slope of 1m horizontal 
and 1cm vertical.

6. Period of implementation across season

Only during the dry season and should be finished before the rainy season commences.

7. Planning and mobilization requirements

Individual household are responsible for planning and implementation of the activity. It requires skilled manpower for 
installation of this system. For institutional RWH awareness raising and sensitization of beneficiaries.

8. Cost elements and work norm:

Tank, gutters, cement, pipes, skilled mason or an artisan, etc.

9. Management and maintenance

Responsibility is at household level with support provided by water experts. Proper maintenance through cleaning the 
gutters and storage tanks from debris and other materials regularly. Once the original cost is covered/committed then its 
acceptability and replicability is high, especially for dry areas. Provided the roof catchment area is enough and affordable, 
this system could be integrated with vegetable gardening and livestock rearing (small scale poultry production). An overflow 
could be directed to backyard vegetable production. Storage tanks could be made of concrete and placed underground. 
Plastic tanks could also be used for small roof catchments. Once the roof water harvesting system is constructed, the HH 
needs be trained on the operation and maintenance.

10. Benefits and acceptability

Used for drinking and washing, school kids can practice garden vegetables. It eases the distance travelled by children and 
the school community to collect water from distance sources. Reduce workload of children by availing water at their school 
site. The water is more clean compared to ''Berkads'', open ponds, and shallow hand-dug-wells.

11. Limitation:

No negative effect on the environment. It is costly for rural households because of skilled manpower needed in constructing 
the parts.
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1. Name of the technology: Hand-dug Wells

2. General description

Hand-dug well, as the name implies, are excavated 
wells, and the digging (excavation) is done by hand 
and their Ø is larger than 1m. Hand-dug -wells for 
communities or schools are lined or use concrete tubes 
(Caisson sinking). In this guideline, hand-dug wells 
where the surface area is covered and the upper part of 
the well shaft above the water level is water tight sealed 
and protected from any runoff or dirt entering the well. If 
technically feasible, hand-dug wells can be constructed 
within the premise of the schools, and it can provide a 
cheaper water supply services. The existence of shallow 
water bearing geological formations - aquifers within 
less than 30 meters depth suit to the Hand-dug well 
technology. Perched water tables are less reliable water 
sources and it should be avoided. The construction of 
hand-dug wells is done manually using skilled local 
artisans. Their depth ranges b/n 8 and 15 meters as 
typical and between 6 to 25 meters as effective limits.

To make the construction of a hand-dug well viable, water must be available in sufficient quantities at shallow depths (6 
to 25m) that will allow safe excavation and economically feasible exploitation of the water resources in the well. This will 
depend, of course, on local conditions, for instance it must have stable soil and a depth to the water table that does not 
allow pollution.

3. Geographical extent of use 
Site selection: The site selection should be done by a tem which needs to include the community and school administration 
and a suitable qualified water engineer or hydrologist. The first option for selection should be within the premises of the 
school compound. Some of the factors to consider are: A preferred well site: i) Nearby springs; ii) In low lying area or valley 
bottom, depression or dry river bed; iii) The presence of ever green bushes and shrubs; and iv) Weathered rock zones. On 
the other hand a bad well site is: i) On a hill; ii) Near latrine or sewer line; iii) Flood prone areas; and iv) Swampy ground. 
However, it may be important that the engineer or hydrologist check the proposed site is appropriate. The well site should 
have to be on a relatively high spot to prevent surface water from entering in to the well.

4. Technical design requirements

Source: Ministry of Health, Education and Water and Energy in collaboration with UNICEF
Detail well specification: Inside Ø of a Hand-dug well / well shaft: the standard Ø ranges between 1300 to 1500mm. 
The inside Ø for water intake area could be lesser or equal to the Ø of the well shaft above it. 
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Depth of the water column: The depth of water column in the water intake area must be in the range b/n tree and six meter 
depth or more to take the well more productive. The well yield should meet dry period water demand and must secure a 
minimum of three meters of water column during the dry period b/n March and May.
Well cover (apron): The well cover will have a Ø of 3m apron and a thickness of 150mm and should have reinforcement 
bar of 12mm Ø edge bar. A 40x40cm plate with a circular opening (150mm Ø) at the center of the plate that has a bolt 
at each corner is constructed and put in place for installing the hand pump. A 60x60cm access hole is also constructed 
with a RC cover slab located at one convenient side of the apron as shown in the above Figure.
Soak away: The excess water is channeled to a soak away facility and detail on the design and specification of the well 
cover is shown on the figure. The soak-away should be located at a recommended distance of at least 20m and a minimum 
of 10m away from the well. For those schools and communities with additional fund, the soak-away could be replaced 
with an underground cistern (made from masonry or concrete) to store and use the excess water for gardening and for 
greening the compound.

5. Layout and construction procedures

i) Construction: The construction of a standard hand-dug well has three main elements: i) The well shaft; ii) The well 
bottom; and iii)  The head work

The well shaft

•	 			A	Hand-dug	well	for	schools	or	communities	is	required	to	be	lined	so	that	it	can	provide	long	years	of	service.	Lining	 
         could be done with bricks or stone or use of prefabricated reinforced concrete tubes. This manual recommends the use  
       of Caisson sinking for proper digging of the well and safety during construction. It is an effective method of digging  
     and deepening Hand-dug wells in both stable and unstable formations, provides long duration of service. The  
        procedure is similar to what is seen in the Picture below.
•	 			A	minimum	thickness	of	75mm	for	precast	concrete	is	suggested;
•	 			The	Ø	could	range	b/n	1.3	to	1.5m	but	this	could	depend	on	the	mould	available	for	local	manufacturing	for	RCBs;
•	 			At	least	the	top	3	meters	depth	is	sealed	to	prevent	surface	water	from	entering	the	well;
•	 		The	void	b/n	the	well	lining	and	the	surrounding	ground	should	be	packed	with	graded	aggregates	for	those	with	 
      precast concrete rings. Ensure the well is deep enough (more than three meters) to provide water through the dry    
        season.
•	 			The	well	below	the	water	table	or	often	called	intake	section	of	the	well	should	be	deepened	enough	(if	technically	 
        possible up to six meters) below the water table to ensure a continuous and dependable water supply in all seasons;
•	 			Caissons	all	the	way	along	the	well	shaft:	Caisson	sinking	provides	a	safe	working	environment,	a	superior	and	very	 
        cost effective method of lining Hand-dug wells, and simpler and requires less costly equipment purchase;
•	 			The	concrete	casings	above	the	phreatic	line	or	water	table	are	blind,	and	the	concrete	casings	below	the	level	of	the	 
        water table are perforated;
•	 			Use	perforated	concrete	rings	below	the	water	table	to	allow	water	to	enter	to	the	intake	area	of	the	well.	The	digging/ 
        excavation works below the water table requires additional equipment - a dewatering pump. The water in the well is  
     regularly dewatered to allow further excavation (deepening) to reach a minimum depth of three meters and a  
        maximum of six or more meters.
•	 			After	the	perforated	concrete	rings	are	put	in	place,	a	well	graded	gravel	envelop	surrounding	the	perforated	concrete	 
       rings is packed to prevent clogging the perforations by the soils and also to improve the hydraulic conductivity from  
        the aquifer to the wall.
Well Bottom: The well bottom is the water bearing formation of the well. Water enters both along (horizontally from the  
wall of the well and also vertically upwards from the lower side of the bottom), and it should be designed and constructed 
considering such hydraulic features. Well bottom should have the following: 

•	 It	should	penetrate	the	aquifer	adequately	by	at	least	three	to	six	meters;
•	 Five	to	six	meters	for	minimum	yield	of	10	liters	per	minute;
•	 Four	meters	for	15	liters	per	minute;
•	 Three	meters	and	a	minimum	yield	of	20	liters	per	minute;
•	 Place	layer	of	gravel	in	the	bottom	of	the	well	to	facilitate	flow	from	below	and	to	avoid	silting	up.

Head works: Head works include the protective apron, channel for drainage water and the soak-away pit. It stands out 
above the surrounding ground, and it requires proper design and construction for stability of the soil and rock at the site, 
to support the hand pump and avoid potential seepage into the well from excess water from the pump (drainage water) 
and surface runoff from the surrounding areas. Proper care should be taken in mixing the concrete and reinforcements and 
allow them to cast properly.
In general the head work for Hand-dug wells should have the following:
•	 A	minimum	of	at	least	3m	Ø	protective	apron	which	has	a	25cm	of	height;	a	height	from	the	surrounding	ground	surface.	 
      A foundation masonry structure of 45 to 60cm is constructed after the land and debris are cleared and a superstructure  
     of the hand-dug well rests on it;
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Depth of the water column: The depth of water column in the water intake area must be in the range b/n tree and six meter 
depth or more to take the well more productive. The well yield should meet dry period water demand and must secure a 
minimum of three meters of water column during the dry period b/n March and May.
Well cover (apron): The well cover will have a Ø of 3m apron and a thickness of 150mm and should have reinforcement 
bar of 12mm Ø edge bar. A 40x40cm plate with a circular opening (150mm Ø) at the center of the plate that has a bolt 
at each corner is constructed and put in place for installing the hand pump. A 60x60cm access hole is also constructed 
with a RC cover slab located at one convenient side of the apron as shown in the above Figure.
Soak away: The excess water is channeled to a soak away facility and detail on the design and specification of the well 
cover is shown on the figure. The soak-away should be located at a recommended distance of at least 20m and a minimum 
of 10m away from the well. For those schools and communities with additional fund, the soak-away could be replaced 
with an underground cistern (made from masonry or concrete) to store and use the excess water for gardening and for 
greening the compound.

5. Layout and construction procedures

i) Construction: The construction of a standard hand-dug well has three main elements: i) The well shaft; ii) The well 
bottom; and iii)  The head work

The well shaft

•	 			A	Hand-dug	well	for	schools	or	communities	is	required	to	be	lined	so	that	it	can	provide	long	years	of	service.	Lining	 
         could be done with bricks or stone or use of prefabricated reinforced concrete tubes. This manual recommends the use  
       of Caisson sinking for proper digging of the well and safety during construction. It is an effective method of digging  
     and deepening Hand-dug wells in both stable and unstable formations, provides long duration of service. The  
        procedure is similar to what is seen in the Picture below.
•	 			A	minimum	thickness	of	75mm	for	precast	concrete	is	suggested;
•	 			The	Ø	could	range	b/n	1.3	to	1.5m	but	this	could	depend	on	the	mould	available	for	local	manufacturing	for	RCBs;
•	 			At	least	the	top	3	meters	depth	is	sealed	to	prevent	surface	water	from	entering	the	well;
•	 		The	void	b/n	the	well	lining	and	the	surrounding	ground	should	be	packed	with	graded	aggregates	for	those	with	 
      precast concrete rings. Ensure the well is deep enough (more than three meters) to provide water through the dry    
        season.
•	 			The	well	below	the	water	table	or	often	called	intake	section	of	the	well	should	be	deepened	enough	(if	technically	 
        possible up to six meters) below the water table to ensure a continuous and dependable water supply in all seasons;
•	 			Caissons	all	the	way	along	the	well	shaft:	Caisson	sinking	provides	a	safe	working	environment,	a	superior	and	very	 
        cost effective method of lining Hand-dug wells, and simpler and requires less costly equipment purchase;
•	 			The	concrete	casings	above	the	phreatic	line	or	water	table	are	blind,	and	the	concrete	casings	below	the	level	of	the	 
        water table are perforated;
•	 			Use	perforated	concrete	rings	below	the	water	table	to	allow	water	to	enter	to	the	intake	area	of	the	well.	The	digging/ 
        excavation works below the water table requires additional equipment - a dewatering pump. The water in the well is  
     regularly dewatered to allow further excavation (deepening) to reach a minimum depth of three meters and a  
        maximum of six or more meters.
•	 			After	the	perforated	concrete	rings	are	put	in	place,	a	well	graded	gravel	envelop	surrounding	the	perforated	concrete	 
       rings is packed to prevent clogging the perforations by the soils and also to improve the hydraulic conductivity from  
        the aquifer to the wall.
Well Bottom: The well bottom is the water bearing formation of the well. Water enters both along (horizontally from the  
wall of the well and also vertically upwards from the lower side of the bottom), and it should be designed and constructed 
considering such hydraulic features. Well bottom should have the following: 

•	 It	should	penetrate	the	aquifer	adequately	by	at	least	three	to	six	meters;
•	 Five	to	six	meters	for	minimum	yield	of	10	liters	per	minute;
•	 Four	meters	for	15	liters	per	minute;
•	 Three	meters	and	a	minimum	yield	of	20	liters	per	minute;
•	 Place	layer	of	gravel	in	the	bottom	of	the	well	to	facilitate	flow	from	below	and	to	avoid	silting	up.

Head works: Head works include the protective apron, channel for drainage water and the soak-away pit. It stands out 
above the surrounding ground, and it requires proper design and construction for stability of the soil and rock at the site, 
to support the hand pump and avoid potential seepage into the well from excess water from the pump (drainage water) 
and surface runoff from the surrounding areas. Proper care should be taken in mixing the concrete and reinforcements and 
allow them to cast properly.
In general the head work for Hand-dug wells should have the following:
•	 A	minimum	of	at	least	3m	Ø	protective	apron	which	has	a	25cm	of	height;	a	height	from	the	surrounding	ground	surface.	 
      A foundation masonry structure of 45 to 60cm is constructed after the land and debris are cleared and a superstructure  
     of the hand-dug well rests on it;
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•	 Should	have	a	cover	slab	which	seals	and	protects	the	well	shaft,	but	with	an	access	hole	and	removable	hatch	and	a	 
     150mm Ø hole for installing a hand pump rising main  (See Figure above);
•	 Having	selected	the	most	appropriate	hand-dug	well	design,	the	construction	work	will	have	to	be	organized.	Whichever	 
     option is chosen, the involvement of the school and/or community in any decision making including school children is  
     important;
•	 The	excess	or	drainage	water	is	directed	to	a	soak-away	pit	or	underground	cistern.

The headwork is designed on an elevated platform of about 1.5 to 2m masonry structure above the ground surface so that 
the pump outlet is connected to a ROTO storage facility so that a drinking fountain can be designed at lower elevation to 
allow gravity supply.

Construction safety: Artisans should have the necessary protective equipment. During the construction period, a protection 
wall of at least 70cm high wall must be built to prevent school children /people falling in until the well is fully completed 
with cover slab and a hand pump installed. Skilled and knowledgeable contractors have to be contracted to ensure the 
successful completion of the well and safety of workers during the construction process. Hand-dug well digging and 
inserting the concrete ring (See Picture and Figures). 

6. Period of implementation across season

Be dug during the dry season when the water table is likely to be at or near its lowest point.

7. Planning and mobilization requirements

Land use, soil and topography assessed; Discuss/agree with farmers on design and layout + and provide on-the-job 
training;  Precise layout and follow-up/adaptations.

8. Cost elements and work norm

Equipment and materials. The major equipments and tools required for the excavation and digging of hand-dug wells 
include Tripod with on tone Chain Block for Caisson sinking, excavation hand tools, dewatering pump etc. Work norm for 
digging is 1m3 / PD for the first 1m depth; 0.5m3 /PD thereafter. Stone Excavation 0.3m3/PD. The work norm involves 
digging, disposing of spoil, excavation of diversion canal. Work norm for gravel and stone collection is 0.5m3/ PD.

9. Management and maintenance

Open wells should be inspected every day to ensure that no debris enters the well, while closed wells should be inspected 
periodically for the same reason. Cut off drains should be well maintained to prevent runoff, spilled water and animal 
waste from seeping or entering directly into the wells. To prevent contamination of the water, the rope and bucket used 
to collect the water should be suspended from the wellhead so that it cannot touch the ground. Groundwater recharging 
activities such as terracing, gully plugging, and sediment storage dams increase their sustainability and acceptability. To 
avoid contamination closed well with pulley or roller attached to a rope and bucket can be used. See infotech on low-cost 
water lifting (CBPWDP, Guideline Part I).

10. Benefits and acceptability

Dug wells provide a viable alternative to many of the unhygienic and unprotected water sources that are being used by 
a large part of the communities. It is less expensive and also avoids high capital and maintenance costs compared to 
machine drilled wells. Open or head caped Hand-dug wells are used to irrigate small plots or to supply drinking water for 
human and livestock. Hand-dug wells are very common in areas where watersheds have been treated. Additional source 
of water for human and livestock use and irrigation. Hand-dug wells or shallow wells are more reliable water sources than 
surface ponds and various cisterns. Unlike surface runoff harvesting using ponds and cisterns the water for Hand-dug 
well is continuously recharged through the ground. Therefore, it is more sustainable compared to other water harvesting 
structures. With Hand-dug wells there is high potential for using it over the dry season. Depending on the geology of the 
area recharging the ground water artificially could be required.

11. Limitation

Open Hand-dug wells are constructed in areas where there is an urgent need for a water source and the community cannot 
afford for the lining material and cover. The water is recommended for irrigation of small plots and not to be directly used 
for human consumption. The other demerit of open wells is that they require wider space especially in unstable soils. The 
sides of an unlined well may collapse when wet if adequate slope is not provided.
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1. Name of the technology: Spring Development

2. General description: 

A spring or seep is water that reaches the surface from 
some underground supply, appearing as small water 
holes or wet spots on hillsides or along river banks. 
The flow of water from springs and seeps may come 
from small openings in porous ground or from joints or 
fissures in solid rock.

3. Geographical extent and use

There are two categories of springs: a) Gravity springs 
(which include: depression springs; contact springs; 
and fracture or tubular springs); b) Artesian springs 
(which include: artesian fissure springs; and artesian 
flow springs). i) Depression springs: are formed when 
the land surface dips (forms a depression) and makes 
contact with the water table in permeable material. 
Water yield will be good if the water table is high, but 
the amount of available water may fluctuate seasonally.

A gravity depression spring may not be suitable for a drinking water source since it may dry up; ii) Contact springs: are 
formed when downward movement of underground water is restricted by an impervious underground layer and the water 
is pushed to the surface. This type of spring usually has a very good flow throughout the year and is a good water source; 
iii) Fracture and tubular springs: are formed when water comes from the ground through fractures or joints in rocks. Often 
the discharge is at a single point and protection is relatively easy. Fracture and tubular springs also offer a good source of 
water for a community supply; iv) Artesian springs: occur when water is trapped between impervious layers and is under 
pressure. There are two types of artesian springs: fissure and artesian flow: i) Artesian fissure springs: result from water 
under pressure reaching the ground through a fissure or joint. Yield from Artesian spring development will be very good 
and this source is excellent for a community supply; ii) Artesian flow springs: occur when confined water flows underground 
and emerges at a lower elevation. This type of spring occurs on hillsides and will also offer an excellent supply.

4. Technical design requirements

Before reaching the surface, spring water is generally free from harmful contaminants. To avoid contamination, the spring 
should be protected at the point where the water leaves the ground. That is why structures such as spring water collection 
box is required.  There are three methods of spring development for use as drinking water sources: 1. Spring boxes; 2. 
Horizontal wells; and 3. Seep development.

Spring Boxes: There are two basic types of intakes for spring development and collecting water from springs and seeps. The 
first, and easiest to install, is the spring box. A small area is dug out around the spring and lined with gravel. A concrete 
box with a removable cover is placed over the spring to collect and store the water.

The cover prevents contamination and should be heavy enough to keep people from removing it to dip buckets and cups 
into the collection box. A tap and an overflow to prevent a back-up in the aquifer should be installed. For springs that flow 
from one spot on level ground, an open-bottomed spring box should be placed over the opening to capture all available 
flow. The trenches are deep enough so that the saturated ground above them acts as a storage reservoir during times of 
dry weather.  Generally, the trenches should be 1 meter below the water level. Collection pipes are placed in the trenches 
which are lined with gravel and fine sand so that sediment is filtered out of the water as it flows into the pipes.
Clean, clear water flows from the collection pipes to the storage or collection box. For spring flows that cover a wide area, 
a concrete wall should be installed to collect all flow.

                   Spring box with pervious side                           Spring box with pervious side
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1. Name of the technology: Spring Development

2. General description: 

A spring or seep is water that reaches the surface from 
some underground supply, appearing as small water 
holes or wet spots on hillsides or along river banks. 
The flow of water from springs and seeps may come 
from small openings in porous ground or from joints or 
fissures in solid rock.

3. Geographical extent and use

There are two categories of springs: a) Gravity springs 
(which include: depression springs; contact springs; 
and fracture or tubular springs); b) Artesian springs 
(which include: artesian fissure springs; and artesian 
flow springs). i) Depression springs: are formed when 
the land surface dips (forms a depression) and makes 
contact with the water table in permeable material. 
Water yield will be good if the water table is high, but 
the amount of available water may fluctuate seasonally.

A gravity depression spring may not be suitable for a drinking water source since it may dry up; ii) Contact springs: are 
formed when downward movement of underground water is restricted by an impervious underground layer and the water 
is pushed to the surface. This type of spring usually has a very good flow throughout the year and is a good water source; 
iii) Fracture and tubular springs: are formed when water comes from the ground through fractures or joints in rocks. Often 
the discharge is at a single point and protection is relatively easy. Fracture and tubular springs also offer a good source of 
water for a community supply; iv) Artesian springs: occur when water is trapped between impervious layers and is under 
pressure. There are two types of artesian springs: fissure and artesian flow: i) Artesian fissure springs: result from water 
under pressure reaching the ground through a fissure or joint. Yield from Artesian spring development will be very good 
and this source is excellent for a community supply; ii) Artesian flow springs: occur when confined water flows underground 
and emerges at a lower elevation. This type of spring occurs on hillsides and will also offer an excellent supply.

4. Technical design requirements

Before reaching the surface, spring water is generally free from harmful contaminants. To avoid contamination, the spring 
should be protected at the point where the water leaves the ground. That is why structures such as spring water collection 
box is required.  There are three methods of spring development for use as drinking water sources: 1. Spring boxes; 2. 
Horizontal wells; and 3. Seep development.

Spring Boxes: There are two basic types of intakes for spring development and collecting water from springs and seeps. The 
first, and easiest to install, is the spring box. A small area is dug out around the spring and lined with gravel. A concrete 
box with a removable cover is placed over the spring to collect and store the water.

The cover prevents contamination and should be heavy enough to keep people from removing it to dip buckets and cups 
into the collection box. A tap and an overflow to prevent a back-up in the aquifer should be installed. For springs that flow 
from one spot on level ground, an open-bottomed spring box should be placed over the opening to capture all available 
flow. The trenches are deep enough so that the saturated ground above them acts as a storage reservoir during times of 
dry weather.  Generally, the trenches should be 1 meter below the water level. Collection pipes are placed in the trenches 
which are lined with gravel and fine sand so that sediment is filtered out of the water as it flows into the pipes.
Clean, clear water flows from the collection pipes to the storage or collection box. For spring flows that cover a wide area, 
a concrete wall should be installed to collect all flow.

                   Spring box with pervious side                           Spring box with pervious side
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Horizontal Wells:  For spring development on a hillside, a box with an open back should be placed against the hillside 
and the water should be channeled into the collection box. See Figures 1 and 2 for examples of these types of spring 
collection. Where a spring has a steeply sloping water table (steep hydraulic gradient), horizontal wells may be used 
for spring development. Horizontal well intakes must be located in an area with a sloping water table in order to have 
adequate discharge.

Pipes with open ends or with perforated drive points or well screens can be driven, jetted, or augured into an aquifer 
horizontally or at a shallow slope to tap it at a point higher than the natural discharge. The pipe must also enter the aquifer 
deeply enough to ensure the required minimum flow throughout the year. The water supply reaches the surface by flowing 
from the tapped aquifer through the installed pipe. See Figure 4 for an example of intake placement for horizontal wells.

Horizontal wells are installed in a manner similar to driven 
and jetted wells except that care must be taken to prevent 
water from flowing through the annular space outside the 
pipe. Any flow can be stopped by grouting or by constructing 
a concrete cut-off wall packed with clay backfill.

The advantages and disadvantages of spring development 
of this type are similar to those of the spring box mentioned 
above. Horizontal wells are fairly inexpensive, spring water 
is relatively clean, and gravity flow may be acceptable. 
Springs with flat water tables are not suitable for the use of 
horizontal wells, and the quantity of water may fluctuate with 
the season.        

                   Horizontal wells, Source USAID

Seep Development: If water seeps from the ground and 
covers an area of several square meters, a third method 
may be used. Pipes can be laid to collect the underground 
water and transport it to a collection box as shown in the 
figure right. A poured concrete wall just down slope of the 
pipes can trap the water for more efficient collection. Intakes 
for seeps and some springs can be perforated plastic or 
concrete pipe placed in trenches or collection ditches.

With this seep water collection method, maintenance costs 
are higher as pipes often clog with soil or rocks. Also, the 
expense and difficulty of construction may prohibit its use. 
Unless the seep supplies abundant quantities of water, this 
method should not be considered. Figures for an example of 
a spring box with collection pipes.

Seep and spring intake with collection pipes: Soruce USAID

5. Layout and construction procedures

a) Dig test holes uphill from the seep to find a point where the impervious layer below the water-bearing layer is about 1m 
underground. Water flows on top of this layer in sand or gravel toward the surface seep;
b) Dig a 60cm-wide trench across the slope to a depth of 15cm below the water-bearing layer and extending 1.5 to 2m 
beyond the seep area on each side. Install a 10cm collector tile and completely surround the tile with gravel;
c) Locate the collection walls (spring box) Connect the collector tile to a 10cm line leading to the spring box. The box inlet 
must be below the elevation of the collector tile; insert a collector pipe low in the cutoff wall to guide water into the spring 
box;
d) The spring box should be watertight. It should be at least 1.2m high and should extend at least 30cm above ground 
level when buried. It should be at least 1m square.

6. Period of implementation across season

Only during the dry season and period not interfering with wet seasons

7. Planning and mobilization requirements

Community/groups and individual owners’ discussions/ agreement on layout, spacing and management requirements, 
usually in groups of 5-20 households. Training of the beneficiaries, acquiring of masons.
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8. Cost elements and work norm

The cost of spring development is minimal and the system is relatively maintenance free. The worknorm applies for 
excavation, stone collection, foundations/key excavation and proper placement of checkdams and drop/apron structures 
- 0.5M3 / PD. Masonry WORK NORM: 0.5 m3 / PD. Skilled artisan required. Also cement, gravel, sand, reinforcement 
bar (as required), pipe and its fittings need to be estimated accordingly.

9. Management and maintenance

Springs are susceptible to contamination by surface water, especially during rainstorms. Therefore: 1. Divert all surface 
water away from the spring as far as possible; 2. Do not allow flooding near the spring; 3. Fence an area at least 30m in 
all directions around the spring box to prevent contamination by animals and people; and 4. Avoid heavy vehicle traffic 
over the uphill water bearing layer to prevent compaction that may reduce water flow. Disinfection of fresh spring water 
may not be required, but is always recommended. Since springs are generally located on hills, a simple gravity flow delivery 
system can be installed.

10. Benefits and acceptability

Protected spring water sources are useful for domestic water supply, livestock and use of nurseries.

11. Limitation

Springs are susceptible to contamination from surface runoff.  A disadvantage of spring development is that the quantity of 
available water may change seasonally. Local community members should be consulted as to the reliability of the source.
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1. Name of the technology: Subsurface Dam in Dry Sandy Rivers

2. General description: 

Subsurface dam is about storing water in the pore 
space of the sand aquifer within the dry riverbed 
system. An underground water tight barrier built across 
an ephemeral river bed over impermeable formation 
that arrests the flow of water within the sandy aquifer. 
It is about blocking the underground flow of water at 
shallow depth by construction barrier across the narrow 
channel to the impervious formation below the ground 
water channel. The purpose is, primarily, for village water 
supply; human and animal consumption. It can also 
be used for water storage for irrigation of horticultural 
crops and crop production; aquifer recharging of 
downstream dug wells and shallow boreholes. It can 
also serve for soil and water conservation and retaining 
of sediment transportation. Subsurface Dam since 1993 -  BishanBahe, Dire Dawa, Ethiopia

3. Geographical extent of use

Arid, semiarid and dry areas. Recommended for low topographic gradient; relatively deep impervious layer; and availability 
of local construction materials. Blocking at the narrow channel section is preferred to be economical. Seasonal recharging 
happens to the natural aquifer and the maximum storage volume remains the same overtime.

4. Technical design requirements

The porosity of the sand in the dry river, say 35-40% multiplied by the average length, width and depth of sand within series 
of consecutive sand dams will give us the total available water for dry season after the end of rains.

5. Layout and construction procedures

Layout: One water line level, one range graduated in cm and 10 meters of string, meter tape for dimension measurement. 
Not carrying out proper foundation and side key anchoring and poor compaction could be man cause of failure.
Site clearance: The site must be cleared of all sand, rubbish materials and vegetation before the start of the work. The site 
should be cleaned before starting excavation.

  

Construction Material: The best quality materials available in the market should be used for all the construction works 
together with excellent workmanship. The sand for construction as well as for making mortar must be taken from the dry 
riverbeds and should be free from dust, clay, and organic material. The course aggregate should be 2.0 cm, rounded and 
well graded that is taken from a crusher and not from the nearby hills. The cement should not have reached its expiry date 
and be contained in its original 50 kg bags. Cement bags that were opened and put in other bags or containers should 
be avoided in all circumstances. Cement should be dry powder that is free from hardened lumps. Water used to mix the 
cement shall be clean and free from impurities such as silt, oil and other contaminants.
Excavation of foundation trench: Excavation work must be done in accordance with the dimensions given by the drawing. 
The excavation trench should be straight and plumb as much as possible. The excavated material should be put at least 
1.0 m away from the trench to avoid it falling back into the trench.
Casting of a RCC wall: The reinforced compacted concrete beams and columns over the solid cement block walls should 
have a mix ratio of 1:2:4. Use steel reinforcement cross-bars and stirrups to specifications set-out in the BOQs. A concrete 
mixer and vibrator should be used for all concrete works. The concrete should be cured with water and covered with wet 
sacking for 7 days before taking load.
Joining of Structures: All structures should be properly joined together. Adjacent concrete works should be thoroughly 
wetted to allow binding and re-bar should protrude sufficiently so that it can be embedded as a stable connection between 
separately poured columns and beams.
Solid Cement Blocks: The subsurface dam wall will be constructed with 40x20x20cm solid cement blocks for the 30m   
long X 3m high and using 1:3 mortar. Within the 30m width of wall there are 6 RCC columns and two beams (one under 
and one upper end).
RCC Beams: Erect the shuttering/formwork and cast a Reinforced Compacted Concrete bottom and upper beams on top 
of and lower wall with the dimensions of 30m long x 0.2 m wide and 0.20m thick using 1:2:4 mix ratio. Use 4 No Rears 
of 12mm Dia with 6mm stirrups at 20C/C.
RCC Columns: Cast the 6 Reinforced Concrete Columns with the dimensions specified by the drawing using 1:2:4 mix 
ratio. Use 4 No Rears of 14mm Diameter with 6mm stirrups 20C/C.
Plastering of the wall: Apply 2 coat of plaster with a mortar mix of (1:3) 12mm thick on all faces of the wall.
Curing: minimum curing time for all the construction is 7 days. 
Backfilling of the sand: Backfilling and compacting is carried out by 50cm layer in all sides. The backfill at the key should 
include clay soil. N.B: For all the dimensions refer to the drawings/Figures. 
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9. Management and maintenance

Extraction of water is by shallow wells constructed either within the sand river itself or wells constructed at the side of the 
bank. It is primarily used for communal water ownership; however, individuals can also practice river side horticultural 
irrigation. Water collection by sand mining (instead of dug-wells) and sand mining by trucks be avoided.

10. Benefits and acceptability

Ideal water supply sources for drinking and irrigation if properly developed in its right niche. Water is not lost to evaporation, 
no significant water born diseases such as malaria, less chance to contamination and pollution. The technology is simple 
to design and can be constructed using local materials such as clay soil. The technology is being promoted in many dry 
sandy river areas such as Borana and Dire Dawa of Ethiopia and there is huge potential for its expansion in the Eastern 
Nile Region.

11. Limitation

Only applied where the niche exists in dry sandy rivers and sand mining should not be practiced.

6. Period of implementation across season

Subsurface dam under construction - Dire Dawa area, Ethiopia

Construction shall start and be completed in the dry 
season 

7. Planning and mobilization requirements

Proper site investigation required. All necessary 
construction materials and working tools should be 
mobilized to the site including timely demobilizing 
it when the work finished. Contractor should not be 
trapped in wet seasons in the area. On completion all 
the necessary site cleanup should be carried out.

8. Cost elements and work norm

Based on engineering drawing and BoQ. For sand 
excavation and digging for the foundation and key 
1M3 per person day including debris carting away. 
The structure can be built from local materials like 
concrete, masonry, solid blocks, clay, etc. Working 
tools and materials: shovels and pick axes with handles, 
wheelbarrow, iron bars, shelter or from work, cement, 
solid cement blocks, etc.
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1. Name of the technology: Sand dams

2. General description

A sand dam is an aboveground water tight barrier built across an ephemeral river bed over impermeable formation that 
arrests the flow of water within the aquifer. The structure can be built from local materials like concrete, masonry, solid 
blocks, etc. thus, the sand as well as the water stored in it is blocked by this structure constructed starting all the way from 
the clay substrata to the edge of the dry river embankment. The sand dam is simply a barrier in a drainage channel which 
holds sand and water on the upstream reservoir. It facilitates the percolation of water into the surrounding soil recharging 
the ground storage. 

The water migrates backwards during the wet season 
and drains towards the channel during the dry season. 
Thus the sand dam regulates the water level in the 
river sands as well as the surrounding area (see Figure 
below). The Maximum storage volume remains the 
same overtime. Extraction of water by wells or gravity 
flow and seasonally recharging the natural aquifer. 
The purpose could be for village water supply;human 
and animal consumption; irrigating vegetable, fruit 
and other crop production; aquifer recharging for 
downstream dug wells and shallow borehole and soil 
and water conservation.& water Conservation. Sand 
dams in Dire Dawa, GendeBelina, DireDawa- see 
also the water well for water takeoff- Photo courtesy, 
ERHA.

3. Geographical extent of use

For arid and semi-arid climates. Sand dams are constructed in low levels of total precipitation; erratic but intensive patterns 
of the precipitation; narrow reach of the river profile; sand of high porosity, possibly greater than 40 percent - possible 
for storing water in the pore space of the aquifer. Recommendable in high topographic gradient; requires solid structure 
to resist flow; impervious layer near surface; and increasing storage. Avoid saline water points, rapids, and falls. See also 
subsurface dam infotech.

4. Technical design requirements

•	 Prior	to	starting	sand	dam	construction	consult	the	complete	field	manual	on	sand	dams,	planning,	design,	layout	and	 
     construction procedures and steps; 
•	 Assessment	 of	 the	 catchment	 area;	 storage	 capacity;	 porosity	 of	 the	 aquifer	 and	 specific	 yield;	 quality	 of	 water	 is	 
     required - specific yield is the water that can be abstracted after the wetting action of the sand;
•	 Proper	 investigation	 of	 the	 site	 is	 required	 (baseline	 data	 in	 terms	 of	 biophysical	 and	 socio-economic	 data	 -	 as	 
      most communities do not have any data for their area). Biophysical considers catchment, topography; soils, hydrology,  
      groundwater table, etc. while socio-economic is about demand and supply of water for the intended option. Sand dams  
     are to be considered if other options of water sources are not feasible;
•	 Presence	of	sand	quarrying	in	the	sand	river	by	the	villagers	could	be	one	indicator	for	site	selection;
•	 The	design	and	size	of	the	cut-off	structure	shall	consider	the	soil	and	water	pressure;
•	 Design,	layout	and		construction	should	avoid	leakage	of	the	dams	-	drill	or	auger	the	depth	of	the	clay	substrata	to	 
     determine the depth of foundation; 
•	 Sand	dams	more	than	1	m	height	requires	energy	dissipating	structure	to	reduce	downstream	scouring;
•	 Construction	of	sand	dams	at	full	height	not	in	seasons	results	in	structural	damage;
•	 During	construction	leaving	opening	on	the	crust	avoids	accumulation	of	silt	on	surface;	and
•	 A	water	take	of	well	need	to	be	constructed	either	above	the	dam	wall,	side	of	the	river	bank	or	water	tap	pulled	through	 
     the wall at the downstream side - see also the subsurface dams infotech in this Manual / Guideline.

     

5. Layout and construction procedures

a)  The site must be accessible to the community (preferably close to a surveyed road) - sites of clay deposition should be  
     avoided
b) There must be enough people to work at the site (not less than 20 households)
c) Adequate construction materials; sand stone and water must be available nearby to reduce transport costs.
d) The river morphology must be suitable with firm base for placement of the dam. (Some dams have sank into oblivion  
     because they are based on clayed soils).
e) Topography of the river should be amenable to the formation of a large reservoir. A low gradient and wide swathes  
     makes a large area for a reservoir and facilitate infiltration into the soil.
f) Information of sub-surface water storage from the community i.e. where scoop holes last a long time shows possible  
     positions of below ground barriers. These areas have potential for development into larger reservoirs.
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g) Water cut-off structure should be well anchored to the side wall and foundation. The wall should be tapered with wide  
     base width at the bottom and getting narrow as it grows up to the edge of the river bank.  
h) Water Extraction systems (gravity system, open dug well, pumping system - hand pump)
i) Piezo-metric pipes - driving observation pipes with point well tips along the axis of storage in the flow direction of the  
     river ssing pipe driving hammer
j) The raised water tight barrier can be built in stages seasonally across ephemeral sandy river that can arrest the bed  
     flow and accumulates layers of sediments so the storage volume increases over time as the structure is raised. Structure  
    is exposed to active soil pressure and flowing water hydraulic loads therefore the structure shall be solid structure to  
    resist the hydraulic loads. 

6. Period of implementation across season

Construction shall be completed in the long dry season.

7. Planning and mobilization requirements

To effect a meaningful planning for an ideal number of water 
source points, they should have data on the numerous of 
people in the area, households, number of animals, distance 
to present water resources, distance and time to their source 
of last resource. Further:  i) Development of village baseline 
data; ii) Site Committee- Implementation Training; iii) Sand 
dam Community –Sanitation and Hygiene Training; iv) 
Project community – Natural Resource Management; and v) 
Project Community – Project Management Training.

8. Cost elements and work norm

Cement;  stone  for masonry; solid block (20x40x20 cm) 
for masonry; bricks; concrete; impervious soil (clay core); 
reinforcement bars  ½  dia;  barbed wire; timber 2”x 2”;  
polythene paper g 1000;  skilled labor;  unskilled  labor;  
training;  site management (mobilization, sitting site 
preparation construction supervisor);  hard core;   sand;  
water;  community  feeding;  support to artisan, etc.

9. Management and maintenance

A good amount of water can be harvested with SD technology (e.g. >270 lts/sec). Need for scaling up and promotion of 
sand dam technology wherever appropriate and the niche permits. Monitoring and Maintenance of the existing schemes 
is essential for the sustainability of the system. Avoiding means of pollution to improve the quality of water.  Lack of over 
flow pipe exposes for pollution. After construction completed sand quarrying in the sand river by the villagers should be 
prohibited.

10. Benefits and acceptability

Constructing sand dams is a potential water source especially in sandy rivers of dry areas. The SD technology can be easily 
adoptable in the rural setting. The practice, once few structures are built/demonstrated it is easy to be scaled up.

11. Limitation

It needs high skill and workmanship input to select a suitable site, quality layout and construction and avoid leakage and 
breakage. Because construction is carried out during the dry season water for curing the cement work has to be transported 
from distant places. It is not a wall that is started and finished in one dry season, rather, progressively as sand and water 
accumulates.
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1. Name of the technology: Water Harvesting in Check-dams

2. General description

Is a check dam constructed on watercourses (i.e. 
rivers, streams, gullies) to harvest surface runoff. 
Water harvesting check dams are primarily built for 
two purposes; -The first is to provide direct irrigation 
when rains fail (diversions) and the second is to 
facilitate the recharging of surrounding wells through 
percolation of water from check dams (reservoirs). 
It can be constructed by plastering gabion box with 
cement or directly constructing arc-weir or cement 
check dam.       Water harvesting within gabion check-dam with

3. Geographical extent of use: Site selection

The following basic criteria can be used during site selection:
•	 Topography	of	the	site	is	chosen	at	a	narrow	gorge	with	opened	upstream	for	large	storage	i.e.	cross-section	of	the	 
     stream should be such that the length of barriers should be as small as possible and open out upstream;
•	 The	slope	of	the	watercourse	which	the	check	dam	will	be	constructed	should		not	exceed	5%;
•	 Sufficient	catchment	area	to	generate	the	required	flood;	
•	 Command	area	and	the	canal	network	must	be	located	at	the	downstream	if	gravity	irrigation	is	going	to	be	practiced;
•	 Spillway	site;	presence	of	efficient	and	economical	spillway	route;	
•	 Geological	condition:	the	stream	bed	has	to	carry	the	weight	(have	good	rock	for	foundation);	
•	 Prevent	percolation	through	underneath	the	dam;	and	sediment	load;	should	be	as	less	as	possible.	
•	 Availability	of	sufficient	construction	material	in	the	vicinity	
•	 Water	tightness	of	reservoir:	the	bed	and	the	side	flanks	of	the	reservoir	upstream	of	the	dam	must	be	watertight	i.e.	 
     strong abutments to key the structure; 
•	 Accessibility:	sites	should	not	be	very	far	from	roads;	
•	 Social	and	Environmental	aspects:	sites	should	have	as	less	social	and	environmental	impact	as	possible;		
•	 Upstream	watercourse	should	be	with	least	meandering	and	braiding;			
•	 Bed-grade	of	main	drainage	channel	should	be	gentle	and	for	a	given	height	it	should	store	good	volume	of	water;	and	
•	 The	reservoir	created	should	not	submerge	nearby	land	and	property.

4. Technical design requirements

Before starting the design, the water demand of the local community has to be known. The amount of water used by people 
for domestic purposes as drinking, cooking and cleaning, as well as for irrigation need to be estimated. (See infotech on 
community ponds).Design procedures: After determining the water demand, the following procedure is used to design the 
water harvesting check dam:
i) Demarcate the catchment area that is contributing runoff water to the check-dam site; 
ii) Calculate river discharge either by cooks, rational or empirical formula method; 
iii) Survey the cross-section and L-section of the river; 
iv) Fix the high flood level by calculating discharge passing through the river during floods so that it does not overtop 
nearby fields; 
v) Calculate top and bottom width of the check-dam; 
vi) Height of check dam will be limited by banks height and level of farmer’s field; 
vii) Use bigger size openings (gates) which can flush amount silt load carried by rivers; and 
viii) Determine spillway dimension for safe disposal of water.

5. Layout and construction procedures

To start the layout and to begin the construction 
process of a gabion check-dam, one should consider 
the following procedures:

i) Measure the appropriate distance starting from one 
of the river banks to the other depending on bank 
characteristics and fix pegs perpendicular to the river 
course at certain intervals; and 

ii) Use a plumb bob to locate the appropriate position 
and fix pegs. See Figure in the right.        Layout procedures for a water harvesting check-dam
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After the layout and surveying processes are properly executed the following measures will be undertaken during the actual 
construction:
•	 Foundation	excavated	up	to	the	hard	soil.	(Minimum	1.5	–	2.5m,	but	it	depends	on	the	site	condition).	
•	 In	sandy	soil	it	may	go	deeper;	Remove	excavated	soil;	fill	stable	soil	and	compact	it	strongly;
•	 Then	level	it	with	cement	(lean	concrete),	before	putting	gabion	boxes;	
•	 Make	sure	the	availability	of	proper	filling	materials	(basalt,	granite	and	hard	sandstone	are	best)	with	appropriate	size;
•	 After	the	proper	foundation	is	prepared,	put	the	gabion	box	on	top	and	fill	with	properly	shaped	stones;	
•	 Tie	the	gabion	box	and	plaster	it	with	mortar	ratio	of	1:3;	and
•	 After	fixing	the	dead	storage,	put	slots	(gates)	at	certain	intervals	along	the	gabion	box	as	per	the	required	design	of	
     spillway; and
•	 The	remaining	part	should	be	constructed	with	gabion	plastered	with	mortar.

Where;	y	=	Live	Storage	=	1.5	m;	w	=	Dead	Storage	=	
0.5	–	1m;	h	=	Effective	Height	=	2	–	2.5	m;	t	=	width	of	
spillway/gate	size	=	1m;	z		=	1.5	–	2	m;	and	x	=	wing	wall	
=	2.5	–	3m.
•	 Life	span	of	the	structure	highly	depends	on	Key,	apron	
    and retaining wall: Key: 1.5 - 2m; Retaining wall: width 
    0.5m; height 1.5 – 2m; length  up to 3m; and Apron: 
     length 2.5 – 3 times effective height of the structure 
•	 Rip	 rap	 ought	 to	 be	 constructed	 by	 Reno-mattress	 to	
     dissipate potential energy of the flood.
•	 Generally,	 the	 layout	 and	 construction	 procedures	 are	
    more or less similar to gabion check-dam construction 
    except the additional work on plastering and availability 
    of openings in between to serve as gates/spillways. 

The water harvesting gabion check-dam is relatively bigger 
than the normal check-dam because of its purpose to harvest 
runoff and resist the high water pressure. See Figure below.

    Water harvesting in gullies; Farta, December 2013 Water harvesting in gullies (Archweir); Farta, September 
2012

6. Period of implementation across season

Only during the dry season and period not interfering with land preparation

7. Planning and mobilization requirements

Planning follows community/groups and individual owners’ discussions/agreement on layout, and management 
requirements. Groups of 5-20 households work.  Fully on individuals/groups +/- community (commitment to mgt.); 
Technical support and follow-up to field technicians and extension workers.

8. Cost elements and work norm

Minimum construction cost as well as minimum operation and maintenance cost should be followed. Cost of gabion wire 
mesh, stone collection and transport, gates for spillway(s), and labor cost. See infotech on various types of checkdams.

9. Management and maintenance

Use of the stored water for the purpose it is targeted. Frequent check up of the spillways and takeoff structures (if any).    

  

  
  

10. Benefits and acceptability

Gullies instead of being a threat to erosion are used for storing water. Only sealing the check-dam structure is needed 
and compared to excavated ponds no digging is required. The water can be used for backyard horticulture, field crops, 
livestock drinking, and groundwater recharging. Acceptability is increasing from time to time. The use of check-dams for 
water harvesting is increasing from time to time especially in treated and sediment free community watersheds. Abrha 
Weatsbiha and Alektwenz community watersheds of Ethiopia.

11. Limitation

This works where stones are available for gabion filling and cement for plastering is affordable.
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10. Benefits and acceptability

Gullies instead of being a threat to erosion are used for storing water. Only sealing the check-dam structure is needed 
and compared to excavated ponds no digging is required. The water can be used for backyard horticulture, field crops, 
livestock drinking, and groundwater recharging. Acceptability is increasing from time to time. The use of check-dams for 
water harvesting is increasing from time to time especially in treated and sediment free community watersheds. Abrha 
Weatsbiha and Alektwenz community watersheds of Ethiopia.

11. Limitation

This works where stones are available for gabion filling and cement for plastering is affordable.
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1. Name of the technology: Spate irrigation

2. General description

Spate irrigation is a type of water management unique to 
arid regions bordering highlands. Flood water from mountain 
catchments is diverted from river beds (wadis) and spread over 
large areas.  The main purpose is to meet rural livelihoods and 
climate variability changes with spate irrigation. Spate systems 
are very risk-prone. The uncertainty comes both from the 
unpredictable nature of the floods and the frequent changes 
to the river beds from which the water is diverted. It is often 
the poorest segments of the rural population whose livelihood 
and food security depends on the spate flows. Substantial 
local wisdom has developed in organizing spate systems and 
managing both the flood water and the heavy sediment loads 
that go along with it. Spate irrigation is also different from 
flood rise or recession irrigation, where a rising perennial river 
overtops its banks and inundates the plains alongside the river. 

In spate irrigation instead water is diverted from normally dry river beds (wadis) when the river is in spate. The flood water 
is then diverted to the fields. This may be done by free intakes, by diversion spurs or by bunds that are built across the river 
bed. The flood water – typically lasting a few hours or a few days – is channeled through a network of primary, secondary 
and sometimes tertiary flood channels. Command areas may range from a few hectares to over 25,000 hectares.

3. Geographical extent of use: Site selection

It occurs in areas as varied as South Asia, the Middle East, West Africa, North Africa, the Horn of Africa, Central Asia and 
Latin America. Sudden floods, or spates, originate from sporadic rainfall in macro-catchments. Estimates for the area under 
flood irrigation are not easy to make, as the area under spate irrigation changes from year to year. According to IFAD 2010, 
the total area under spate irrigation for Eritrea, Ethiopia and Sudan in 2007 is estimated as 16,000ha; 140,000ha; and 
132,000ha, respectively.

4. Technical design requirements

Spate Hydrology: The design, use and performance of spate 
irrigation systems are affected by the following hydrological 
factors:
•	 The	volume	of	runoff	from	the	catchment
•	 The	timescale	during	which	the	flow	occurs
•	 The	size	and	probability	of	floods
•	 The	climate	in	the	irrigated	area
•	 The	reliability	of	rainfall	and	floods
•	 The	wadi	morphology	and	sediments
•	 Understanding	hydrological	processes	in	ephemeral	rivers
•	 Sediment	transport	in	spate	irrigation	systems.
What makes these systems unique is the poor predictability 
of the flows that have to be utilized and the large amounts of 
sediments they bring in. Managing a spate irrigation system is 
about managing variable flows and sedimentation, and even 
making them work in favor of agricultural productivity. 

•	 the	 concentrations	 and	 size	 range	 of	 the	 sediments	
    transported by spate events and their relationship with 
     wadi discharges; and
•	 the	sediment-transporting	capacity	of	existing	canals.

Spate Engineering: Spate irrigation systems are based 
on floods and related phenomena, which makes them 
very different from normal irrigation practices. Design 
considerations that apply to other irrigation systems do 
not apply to them. This difference, however, has not been 
appreciated by a number of interventions carried out to 
modernize or improve existing spate systems. Many of them 
ended up not improving or worsening their performance. 
Some of the factors that make spate systems unique are:
•	 The	large	amount	of	sediments	that	ride	on	the	flow
•	 The	large	amount	of	trash	that	comes	in	with	the	flood	
      waters

  

•	 the	 annual	 volumes	 of	 water	 available	 at	 the	 diversion	
point(s) in terms of seasonal incidence and reliability;
•	 the	probable	distribution	of	spate	runoff	events	in	terms	of	
peak flows and flood volumes;
•	 the	 distribution	of	 flows	 during	 runoff	 events,	 particularly	
the shape of the recession limb of the hydrograph, which 
provides the bulk of the water that can be diverted to irrigation 
command areas;
•	 the	 proportion	 of	 the	 annual	 hydrograph	 that	 occurs	 in	
different flow ranges (flow duration curve);
•	 wadi	bed	seepage	rates;
•	 the	magnitude	and	return	periods	of	extreme	discharges	for	
the design and protection of the permanent works; 

•	 Scope	for	abrasion	and	impact	damage
•	 An	intricate	system	of	water	rights	of	various	users
•	 Spate	diversion	structures	and	intakes
•	 Diversion	bunds	and	spillways	in	spate	irrigation
•	 Improved	traditional	engineering
•	 Lessons	from	past	interventions
•	 Treating	dry	land	valleys	with	water	spreading	weirs.

Having evolved over hundreds of years, traditional spate 
systems take all of these into account. Any intervention 
to increase their efficiency should be based on these 
considerations.
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Farm Water Management: In spate irrigation systems, field 
water management is most importantly about:
•	 Dividing	 and	 distributing	 the	 flows	 in	 manageable	
proportions
•	 Preventing	 spate	water	 from	 rapidly	disappearing	 in	 low-
lying area; spreading on the water and improving soil moisture 
retention
•	 Ensuring	 large	 enough	 water	 volumes	 to	 reach	 the	
downstream areas
•	 Soil	water	conservation	and	field	water	management.
•	 Optimization	of	farm	water	management	in	spate	irrigation	
systems
•	 Spate	water	rights	and	distribution	rules.

           Deflecting spur-type traditional intake

5. Layout and construction procedures:

                     

                          Diversion bund intake

   

    Layout of a typical curved channel sediment excluder

           Traditional spate irrigation intake in Ethiopia
Traditional bund intake under construction using draught 
animals in Eritrea

  

  

  

  

  

               Field-to-field water distribution

         

                        Field-to-field water distribution     
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6. Period of implementation across season

Construction is carried out during the dry season.

7. Planning and mobilization requirement

Take a basin-wide approach to planning: Understand the water balance: Water is scarce in spate areas. A careful 
understanding of the water balance at the level of the river basin is necessary to avoid unintended negative consequences 
of spate interventions. Schemes should therefore be considered in the context of a succession of water uses in the basin and 
not as an isolated development. This is particularly the case in over-committed spate rivers, when even floodwater never 
reaches the sea. In such cases, all the water is already allocated to some use in the basin, and increased withdrawal at some 
point in the basin translates directly into reduced supply further downstream.

8. Cost elements and work norm

The cost element includes, but not limited to, surface clearing, leveling, removing of foundation materials, stone masonry 
works, stone collection, backfilling and offtake structure and other excavation works.  Similar to diversion of streams, 
average work norm is 3000 PD/weir. Skilled masons are needed for masonry works. Cost of draught power would be 
considered as additional.

9. Management and maintenance

For farmer-managed systems development projects should not attempt to unnecessarily formalize the agreements for 
maintenance. These have to be left as much as is possible to farmers. Projects should ensure that:
•	 There	is	clear	leadership	in	farmer-managed	systems,	preferably	by	committees	accountable	to	a	wide	constituency	of	
land users and not to a limited interest group;
•	 There	 are	 clear	 and	 specific	 arrangements	 for	maintenance.	Maintenance	 arrangements	must	 be	 able	 to	 cater	 for	
prolonged periods of crop failure;
•	 Overhead	and	transaction	costs	are	kept	low	and	fixed	tenure	for	official	posts	and	positions	are	avoided;
•	 In	large	schemes	sub-groups	should	be	encouraged	and	strengthened	so	they	can	mobilize	contributions	to	maintenance	
and enforce rules on water management at a local level; and
•	 Extending	the	role	of	local	organizations	to	crop	management	and,	where	appropriate,	local	groundwater	regulation	
should be considered.

10. Benefits and acceptability

Spate irrigation favors groundwater recharging and ultimately favors groundwater irrigation. In many spate irrigated areas, 
groundwater resources are relatively rich due to long periods of recharge. With the availability of relatively inexpensive 
pump sets, groundwater has become an important source of irrigation.

11. Limitation

The unpredictable nature of the arriving flood puts it as a risky business. Generally spate irrigation is associated with low 
returns per labor, great variability in income between good and bad years and a high degree of social organization to 
maintain the systems. Where more rewarding sources of income arise, where a period of long droughts force people to 
abandon their area, or where the local organization is undermined, spate irrigation systems may disappear.
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Annex 1: Estimation of Catchment Runoff 

In natural catchments, any rainfall is either intercepted by vegetation, infiltrates into the soil, starts 
moving over the surface as runoff or is lost through evaporation. For a rainfall of a given duration 
and intensity, the proportion which becomes runoff depends mainly on the vegetation cover or 
crop residues, the soil infiltration rate, water content and storage capacity, and the slope of the 
land. Estimates of rates of surface runoff therefore depend on two processes: estimating the rate 
of rainfall, and understanding how much of the rainfall is changed into runoff. 

To start designing channels, ditches and other soil and water conservation structures which can 
deal with surface runoff one need to know the probable quantity of discharge. If the objective is 
to impound or store the runoff then it may be sufficient to know the total volume of water to be 
expected, but the usual conservation problem is conveying water from one place to another, and 
in that case the rate of runoff is more important, particularly the maximum rate at which runoff is 
likely to occur. That is the flow which a channel must be designed to accommodate.

Therefore, in order to design appropriate drainage structures such as diversion ditches, waterways 
or graded bunds, it is important to be able to make an estimate of runoff. The two most commonly 
used and relatively simple methods for estimating runoff rate are known as the Rational formula 
and Cook’s method. They are both useful and as they will not give exactly the same result they can 
both be used and the results compared to check on the reliability of the estimate. 
Rational formula for estimating runoff rate

Rational method is the oldest and the most famous hydrological model of predicting peak rate of 
runoff and expressed as follows:
Q	=	CIA/360
Where: 
Q	=	runoff	rate	(m3/s)
C	=	Runoff	coefficient	(between	0	and	1)
I	=	Rainfall	intensity	(mm/hr)	=	Rainfall	amount	over	time	taken.	
A	=	Area	of	the	catchment	in	ha

To use the above Rational formula appropriately and meaningfully the following points need to 
be noted: 

Runoff coefficient: 

This is a proportion of total rainfall that is expected to become runoff during the design storm 
(Runoff	=	Rainfall	 –	 Infiltration).	 It	 can	be	determined	easily	 from	a	 table	by	 looking	 into	 the	
watershed surveying results (Table 1 below). The assumption is made that the ground is already 
soaked and therefore the rate of infiltration is determined by the permeability of the soil, the 
surface roughness (whether there are furrows or depressions which can hold rain insitu) and the 
ground cover, if any, which may impede the flow of water and increase the time of infiltration. A 
dense cover of fodder grass on a deep red soil may have zero runoff whereas a denuded grazing 
land may have a runoff coefficient of 0.75 or more. A tarmac road or parking area will have a 
runoff coefficient of just very closer to 1.0. 
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Annex 1: Estimation of Catchment Runoff 

In natural catchments, any rainfall is either intercepted by vegetation, infiltrates into the soil, starts 
moving over the surface as runoff or is lost through evaporation. For a rainfall of a given duration 
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deal with surface runoff one need to know the probable quantity of discharge. If the objective is 
to impound or store the runoff then it may be sufficient to know the total volume of water to be 
expected, but the usual conservation problem is conveying water from one place to another, and 
in that case the rate of runoff is more important, particularly the maximum rate at which runoff is 
likely to occur. That is the flow which a channel must be designed to accommodate.
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I	=	Rainfall	intensity	(mm/hr)	=	Rainfall	amount	over	time	taken.	
A	=	Area	of	the	catchment	in	ha

To use the above Rational formula appropriately and meaningfully the following points need to 
be noted: 
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This is a proportion of total rainfall that is expected to become runoff during the design storm 
(Runoff	=	Rainfall	 –	 Infiltration).	 It	 can	be	determined	easily	 from	a	 table	by	 looking	 into	 the	
watershed surveying results (Table 1 below). The assumption is made that the ground is already 
soaked and therefore the rate of infiltration is determined by the permeability of the soil, the 
surface roughness (whether there are furrows or depressions which can hold rain insitu) and the 
ground cover, if any, which may impede the flow of water and increase the time of infiltration. A 
dense cover of fodder grass on a deep red soil may have zero runoff whereas a denuded grazing 
land may have a runoff coefficient of 0.75 or more. A tarmac road or parking area will have a 
runoff coefficient of just very closer to 1.0. 
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Table 1: Runoff coefficient values for use with the Rational formula

Source: Adapted from Hudson (1995) 

Box 1: Find the runoff rate using the rational method for a runoff producing area of 80 ha of 
cultivated land having clay soil on a land slope of 8%. Assume a rainfall intensity of 30 mm/
hr (using intensity curves prepared for the area under discussion).
Given:		C	from	table	1above	for	clay	soil	and	slope	of	8%	is	=	0.6,	I	is	=	30	mm/hr
	Solution:	Q	=	CIA/360	=	(0.6	x	30	x	80)/360	=	4	m3/s

To decide the C value of an area, it is vital to explore and analyze the topography, vegetation 
cover and soil type properly.  If the watershed is composed of various soil types under various 
land uses, it is necessary to estimate weighted C for computing runoff from the entire watershed. 
Weighted runoff coefficient (Cw) for a watershed can be calculated using the relation indicated 
below:

Cw	=			A1C1	+	A2C2	+	A3C3	+	…
A

Where,	A1,	A2,	A3,	etc.		=	areas	in	ha	under	various	land	uses	and	soil	types
	C1,	C2,	C3,	etc.		=	corresponding	values	of	runoff	coefficient	for	A1,	A2,	A3,	etc.

	A				=	Total	area	of	watershed,	ha

Rainfall intensity and time of concentration: 

The value of rainfall intensity in millimeter per hour for use in the Rational formula is the highest 
that can be expected in a 10 year return period for a time equal to the time of concentration of 

Land use and topography
Soil type

Sandy loam Clay and silt loam Tight clay

Cultivated land
Flat land (0 -5 %)
Rolling land (5 – 10 %)
Hilly land (10 -30 %)

0.30
0.40
0.52

0.50
0.60
0.72

0.60
0.70
0.82

Pasture land
Flat
Rolling
Hilly

0.10
0.16
0.22

0.30
0.36
0.42

0.40
0.55
0.60

Forest land
Flat 
Rolling
Hilly

0.1
0.25
0.30

0.30
0.35
0.50

0.40
0.50
0.60

Developed areas (villages)
Flat
Rolling

0.40
0.50

0.55
0.65

0.65
0.80
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runoff at the outlet of the catchment. This is known as the design storm. The time of concentration 
is an important concept used in the rational formula in determining peak discharge (m3/s) for 
designing a diversion ditch/cutoff drain, waterway, etc. Time of concentration or gathering time 
is the longest time taken for water to travel by surface flow from any point in the catchment to 
the outlet. This will usually be the time for water to flow from the most distant part but in certain 
circumstances the longest time may be taken by water from a point nearer the outlet especially if 
the natural drainage system is less well developed or have various barriers in that section of the 
catchment. 

The rationale behind the time of concentration is that the biggest storm will occur when all parts of 
the catchment are contributing simultaneously to discharge at the outlet. Maximum discharge will 
occur when the whole catchment is yielding runoff.  For this to happen there must be a storm over 
the whole catchment, the ground must be wet and all the minor depressions must be filled. Peak 
discharge is not likely to occur at the beginning of the rainy season when the ground is dry and 
the receptive of rainfall but after some days or weeks of the continuous rainfall when the ground 
become saturated with water. 

The time of concentration is dependent on various factors such as the size of the catchment, 
the shape of the catchment, the topography or steepness of the catchment, the density of the 
drainage network and the ground cover. A short square watershed has a shorter gathering time 
than a longer narrow watershed. Because there are so many variables which determine the time 
of concentration, it is not easy to arrive at a precise figure. However estimates can be made and 
the time of concentration for small catchments can be found from Table 2 below which gives 
approximate values. 
                                                          
        Table 2: Time of concentration for small catchments

Another method is to use the Kirpich formula which simply requires estimates of the maximum 
length	of	flow	and	the	average	slope	of	the	ground:		Tc	=	0.0195	L	0.77	Sg-0.385
Where: 
Tc	=	time	of	concentration	(min)
L	=	maximum	length	of	flow	(m)
S	=	average	gradient	(m/m)

Area (ha) Time of concentration (minutes)

0.4 1.4

2.0 3.5

4.0 4.0

40 17

200 41

400 75
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Vegetative cover Value Soil conditions Value
Topography 
(slope)

Value

Forest or heavy grass 10 Well drained soils e.g. sandy 10 0 -5 % 5

Scrub or medium grass 15 Moderately pervious soils  
e.g. Silt

20 5 -10 % 10

Cultivated land 20 Slightly pervious soils e.g. 
loams

25 10 – 30 % 15

Bare or sparse cover 25 Shallow soils with impeded 
drainage

30 >30 % 20

Clay sticky soils and rocky 
areas

35-40 Mountainous 25

Once the time of concentration is found, rainfall intensity can be selected from a typical rainfall 
intensity duration curve for a 10 years frequency (for SWC structures) possibly developed for that 
particular area.

Area: 

The area of a catchment to be used in the Rational formula can be easily worked out by applying 
various methods like calculating from a top map, use of GPS and GIS, etc.
 

Cookʼs method for estimating runoff rate 

This method was developed by the United States Conservation Service and adapted for African 
conditions by Prof. Norman Hadson. The method is based on actual measurements of rainfall 
intensity and runoff rate from small catchments. Here, there are only three factors to be determined; 
the area of the catchment, the shape of the catchment and the catchment characteristics. The 
shape of the catchment is relevant because a short wide catchment will generally produce a higher 
peak runoff than a long narrow catchment of the same size. 

The catchment characteristic, which is the basis for this method, is determined from observation 
on the vegetative cover, the soil and the slope. A value is attached to each of these components 
as shown in Table 3 and the sum of the three figures gives the total catchment characteristic. 
This method is simple to apply, but depends on the existence of data recorded from experimental 
watersheds. 

Table 3: Catchment characteristics used for determination of runoff rate by Cook's method

Source: Adapted from Hudson (1981)

Box 2: Find the summarized characteristics for a land with the following surface conditions: The 
land is cultivated, having a loam soil on a 20% slope 

   Solution: For the cultivated land the value under the column vegetation, for the cultivated 
land is 20, from the second column of soil conditions you have the value of 25 for loam soils 
and from the third column of topography you have the value of 15 for a 20% slope .Thus the 
summarized	characteristics	=	20	+25	+15	=	60
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Table 4: Runoff rates (m3/s) determined for small catchments by Cook's method

Box 3: Find the runoff to be produced from a catchment with a square runoff area of 20 ha 
with the summarized characteristics calculated in box 2.

Solution: Use table 4 to read the runoff in m3/s

Runoff	area	=	20	ha,	summarized	characteristics	from	the	preceding	exercise	is	60.	Then	from	
Table 4 read the value of 3.8, corresponding to the value of 20 for area and the value of 60 
for summarized characteristics. Then, runoff (Q) of the given catchment can be reported as 
3.8 m3/s. 

Table 4 gives the values of runoff rate for different catchment sizes and characteristics. A simple 
approach is to assume that the basic data in table 4 are for a catchment that is roughly square or 
round. Therefore, for areas known to experience less intense rainfall, multiply the values obtained 
from table 4 by 0.75. Since the shape of the catchment affects the time of concentration and 
hence the design intensity and ultimately the peak runoff, multiply the runoff values obtained from 
Table 4 by 0.8 or 1.25 for the long narrow – and broad short – catchments respectively.

Box 4:  Runoff from higher ground is causing damage to a farmer’s land, and the extension 
officer has been asked to design a cutoff drain that can carry the runoff safely to a waterway. 
He inspected the catchment and found that the soil is deep and permeable.  He estimated the 
size of the catchment to be 5 ha and noted that there is an area of about 3 ha of bare, rolling 
land and mountainous from which high runoff can be expected. Cropland which is flat and 
well managed occupies 1.5 ha and there is an area of undulating/rolling (8% slope) woodlot 
with scrub of grass occupying 0.5 ha. The soil is sandy loam in all cases. He estimated the 

Runoff 
area (ha) Summarized characteristics

25 30 35 40 45 50 55 60 65 70 75 80

5 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1

10 0.3 0.5 0.7 0.9 1.1 1.4 1.7 2.0 2.4 2.8 3.2 3.7

15 0.5 0.8 1.1 1.4 1.7 2.0 2.4 2.9 3.4 4.0 4.6 5.2

20 0.6 1.0 1.4 1.8 2.2 2.7 3.2 3.8 4.4 5.1 5.8 6.5

30 0.8 1.3 1.8 2.3 2.9 3.6 4.4 5.3 6.3 7.3 8.4 9.5

40 1.1 1.5 2.1 2.8 3.5 4.5 5.5 6.6 7.8 9.1 10.5 12.3

50 1.2 1.8 2.5 3.5 4.6 5.8 7.1 8.5 10.0 11.6 13.3 15.1

75 1.6 2.4 3.6 4.9 6.3 8.0 9.9 11.9 14.0 16.4 18.9 21.7

100 1.8 3.2 4.7 6.4 8.3 10.4 12.7 15.4 18.2 21.2 24.5 28.0
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Table 4: Runoff rates (m3/s) determined for small catchments by Cook's method
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discharge by the rational formula and Cook’s method in the following way.

A: Using Rational formula:

1. Find the weighted mean value for the runoff coefficient (Cw) using figures from Table 1
                                                    C
Bare	and	rolling	land	3.0	ha	x	0.50	=	1.50
Cropland																			1.5	ha	x	0.30	=	0.45
Woodlot																				0.5	ha	x	0.25	=	0.125
Total	area																		5	ha	x	Cw	=	2.075:	therefore	Cw	2.075/5.0	=	0.415
2. The time of concentration for a 5 ha catchment is about 5 minutes (Table 2)
3. Select the rainfall intensity (i) for a very short storm with a 10 year return period from a 
rainfall intensity duration curve and assume 130 mm/hr is obtained.
4.	The	peak	runoff	rate,	Q	=	CIA/360	=	(0.415	x	130	x	5)/360	=	0.75	m3/s	

B:  Using Cook’s method
1. Find the weighted mean catchment characteristic (CCw) using figures from Table 3
                                                    C
Bare	and	rolling	land	3.0	ha	x	(25	+10+25)	=	180
Cropland																			1.5	ha	x	(20	+10	+5)	=	52.5
Woodlot																				0.5	ha	x	(15	+	10+10)	=	17.5
Total	area																		5	ha	x	CCw											=												250	therefore	CCw	=	250/5	=	50

2. From Table 4, the peak runoff rate Q for a catchment characteristic of 50 and total area of 
    5 ha is 0.9 m3/s. 

The above calculations give slightly different results which are only to be expected as there 
are many assumptions made in selecting the data. The soil and water conservation (SWC) 
officer may reason out that the condition of the bare land is expected to improve with better 
management by applying various SWC measures and will therefore design the cutoff drain 
using the lower figure for peak runoff of 0.74 m3/s (the value from the Rational formula). 
To be on the safe side, the officer may consider taking the highest value (from the Cook’s 
method) or alternatively the average of the two values. 

Once the officer roughly estimates the runoff to be expected from a given area, what follows 
then is to design the size of a channel/spillway that can adequately accommodate the runoff 
estimated. Such calculations need to be done repeatedly whenever we need to design SWC 
structures.
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Annex 2: Channel size determination for drainage structures 

A.  Using established tables

Once the runoff rate is found (as described in annex 1), then it is important to estimate the size 
of the channel that could capably discharge the runoff. To determine the size of the channel one 
may require calculating it using formulae, but to avoid complicated calculations simple tables can 
be used. 

First step: To determine the size of the channel, the velocity of the water should be known. This 
velocity is referred to as maximum allowable velocity or permissible velocity. Permissible velocity is 
defined as the velocity of water allowed to flow in a channel without damaging the ditch.

 In designing disposal channels care should be taken to select the appropriate velocity, which does 
not initiate scouring and does not allow siltation in the channel. If the velocity of flowing water in 
the channel is too slow then it is obvious that siltation will be a problem. On the other hand, if 
the velocity is higher, then the flowing water will erode sidewalls and the bed of the channel. The 
maximum permissible velocity is governed by soil type and degree of vegetative/grass cover and 
lining materials used in the channel. For each of these alternatives there is a maximum permissible 
velocity (as indicated in table 1) above which scouring can occur. 

Table 1: Maximum allowable velocity in m/sec

Second step: Once the velocity is determined, it is necessary to find the dimensions of the channel. 
The dimensions of the channel are its depth, bottom width and top width. The velocity is taken 
from table 1 and the channel gradient is to be decided by the practitioner/expert. For the purpose 
of designing disposal structures for soil conservation, the gradient is to be limited. For cutoff drains 
and graded terraces it should not exceed 1%.

Soil type
Vegetative/grass cover

Sparse Medium Good

Silty sand 0.3 0.75 1.5

Sand 0.5 0.9 1.5

Coarse sand 0.75 1.2 1.65

Sandy soil 0.75 1.5 1.95

Loam 0.9 1.5 2.1

Clay loam 1.0 1.65 2.25

Clay 1.5 1.8 2.4

Gravel 1.5 2.1 -
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Table 2: Depth of a channel in meters

Note that values represented in italics in the table above are channel depth in meter.

Box 1: For a channel slop of 0.5%, if the velocity is 1.5 m/sec the depth of the channel is 0.5 
m (table 2 above).

Third step: is to find the discharge per meter width, and this is obtained from table 3. These values 
are determined by the use of the channel gradient expressed in percent (%) and by the depth of 
the channel given in meters. 

Table 3: Discharge in cubic meter/second per meter width 

Note that values represented in italics in the table above are discharge in m3/sec.

Box	2:	If	the	channel	depth	selected	is	=	0.5m	for	a	cutoff	drain	which	is	constructed	at	0.5%	
slope, what will be the discharge per meter width?
Considering	the	given	values,	the	discharge	is	found	from	table	3	=	0.95m3/sec

Fourth step: The remaining task is to find the width of the channel. The width of the channel 
expressed in meters for trapezoidal or parabolic section can be calculated by dividing the estimated 
runoff in cubic meters per second (using Rational or Cook’s method) by the value of the discharge 
obtained from table 3 above.

Depth of the channel
Gradient

1.0 0.5 0.25

0.3 0.6 0.4 0.25

0.4 0.9 0.65 0.45

0.5 1.3 0.95 0.65

0.6 1.8 1.3 0.95

0.7 2.25 1.7 1.2

0.8 2.8 2.15 1.5

0.9 3.4 2.65 1.8

Channel slope/gradient (%)
Maximum allowable velocity (m/sec)

Height: length (%) 0.3 0.5 0.6 0.9 1.2 1.5 1.8 2.1 2.4

1:100  1 - - - - - - 0.4 0.5 0.6

1:200   0.5 - - - - - 0.5 0.7 0.9 1.0

1:400    0.25 - - 0.3 0.4 0.6 0.9 - - -
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Box 3: Find the size of a channel (cutoff drain) to be constructed at the foot of hilly grassland 
with an average slope of 20%. Soils for the catchment are clay. The runoff area has rectangular 
shape and is 200 meter long and 500 meter wide. 
Solution:

A: calculate the runoff area
							The	runoff	producing	area	=	500	m	x	200	m	=	100,000	m2	=	10	ha

B: Find the summarized characteristics, use table 3
•	 The	vegetation	is	grassland	(medium	cover)	=	15
•	 Soils	are	clay	=	40
•	 Topography	=	15
	 The	summarized	characteristics	is	=70

Using the runoff area value of 10 ha and the summarized characteristics value of 70, find the 
runoff from table 4 of annex 1. The reading for the runoff from the table is 2.8. Therefore, the 
runoff is 2.8 m3/sec.

C. Find the maximum allowable velocity.
•	 To	find	the	velocity,	use	table	1.	The	velocity	under	clay	soil	and	medium	cover	=	1.8	
m/sec

D. Determine the depth of the cutoff drain
•	 In	order	to	find	the	depth	use	table	2,	by	the	help	of	maximum	velocity	(1.8	m/sec)	
 from table 1 and using gradient estimate of (1 %), depth is 0.4 m.

E. Find the discharge in m3/sec/m
•	 To	find	the	discharge,	use	table	3.	The	reading	for	the	value	of	discharge	is	made	by	
 the use of a depth of the channel, which is 0.4 m and the gradient is 1%. So the 
 discharge value from table 3 is 0.9 m3/sec/m.

F. Find the width of the cutoff drain
•	 In	this	case	there	are	two	conditions	to	be	considered:

1.	 If	the	channel	is	to	have	a	trapezoidal	or	parabolic	section,	Width	=	Runoff	from	the	
	 	 runoff	producing	area/discharge	in	to	the	channel	=	2.8/0.9	=	3.2	m
2.	 If	the	channel	is	to	have	rectangular	section,	Width	=	3.2	–	1/3x3.2	=	1.9	m

•	 Remark: If the procedures given above are clearly understood, then it will be easy to 
 estimate runoff to be produced from small catchments, and find appropriate dimensions 
 of the channel.

B. Determination of channel dimension using formulae
 
In general, cutoff drains and waterways should be designed to have a wide and shallow cross 
section as much as possible, in order to minimize the risk of erosion and allow easy crossing by 
human and livestock. The channel dimensions are dependent on types of cross-sections to be 
used. The formulas to be applied and the relationship among the different dimensions for the 
most commonly used channel cross sections (trapezoidal and parabolic) are indicated in figure 1 
below.
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Figure 1: Channel dimensions and relationships for different cross-sections

Note	that	from	board	=	D	–	d	for	both	cross-sections

The dimensions of trapezoidal shape sections can be determined by combining the formulas 
given above, the manning equations and using permissible velocities described in table 1 as 
demonstrated here below. 

The following two equations are considered in determining the sections of open channels.

					i)			Q	=	AV;			 	 ii)				Q	=	AR2/3	S1/2	/N

	Where,	Q	=	flow	rate,	m3/s
	 	A	=	area	of	flow,	m2
	 	V	=	mean	velocity,	m/s
	 	R	=	hydraulic	radius,	m,	 R=	A/P;	P	is	the	wetted	perimeter.
	 	S	=	bed	slope,	m/m
	 	N	=	Manning	roughness	coefficient	=	0.03	for	open	drains
											A	=	bd	+	Zd2;	 	 P	=	b	+	2d	(1+Z2)1/2;	t	=	b	+	2dz;	T	=	b	+	2Dz
Where, Z is the side slope of a trapezoidal channel. In any case Z should not be steeper than 1.5: 
1	(Horizontal:	Vertical);	b	=	bottom	width	of	the	drain,			d	=	depth	of	water
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Figure 2: Cross section of a trapezoidal channel 

Remark: Various kinds of geometric formulae can be drived using logical assuptions: E.g: Assuming 
that the channel sidewalls are inclined 45 % (1:1) and the water depth in the channel is 1/3 of the 
channel	bottom	width,	the	following	equations	can	be	formulated:	d2	=	¼	x	A,	b2	=	9/4	x	A,	D	
=	d	+	free	board,	t	=	b	+	2d	and	T	=	b	+	2D

Table 4: Manning's roughness coefficient (n) - Hudson 1981

A Channels free from vegetation n
Uniform cross-section, regular alignment free from pebbles and 
vegetation in fine sedimentary soils

0.016

Uniform cross-section, regular alignment free from pebbles and 
vegetation in clay soils or hard pan

0.018

Small variation in cross section, fairly irregular alignment, few 
stones, thin grass at edges, in sandy and clay soils, also newly 
cleaned, plowed and harrowed channels

0.0225

Irregular alignment, pebbles on bottom, in gravelly soil or shale, 
with jagged banks or vegetation

0.025

Irregular section and alignment, scattered rocks and loose 
gravel on bottom, or considerable weeds on sloping banks, or 
in gravelly material up to 150 mm diameter

0.03

Eroded irregular channels, channels blasted in rock 0.03

B Vegetated channels

 Short grass (50-150 mm) 0.03-0.06

Medium grass (150-250 mm) 0.03-0.085

Long grass (250-600 mm) 0.04-0.15

C Natural stream channels

Clean and straight 0.025-0.03

Winding, with pools 0.033-0.04

Very weedy, winding and overgrown 0.075- 0.15
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Design Steps - Fixing flow depth & bottom width using trial and error method

Step 1: Compute the peak discharge Qp, (use rational formula or Cook’s method).  The procedure 
 are already discussed in the previous sections.  A return period of 5 to 15 most commonly 
 10 is used for SWC measures.

Step 2:  Compute hydraulic radius R, (use  Manning’s formula indicated above). The Manning’s 
 roughness coefficient is dependent on the channel condition and discharge.  Therefore, 
 the value corresponding to specific condition  can be looked from table 4 above.

Step 3:		Compute	flow	area,	from	continuity	equation	.	Q	=	A	x	v		
  
Step 4:		Compute	wetted	perimeter,	P,	from	the	hydraulic	relation:	R	=	A/P.

Step 5:  Compute flow depth, the two expressions are derived as follows:
•	 The	spillway	channel	is	assumed	to	be	trapezoidal	in	shape.	
•	 Side	slope	H:	1	(i.e.	H	units	horizontal	and	1	unit	vertical).

Box 4: Sample calculations for determining dimensions/channel sections of  a trapezoidal 
cutoff drain: The calculation is to be made by trial and error method. 
Data    
  Q,m3/s   3.84  Q10 years 
  bed Slope, m/m  0.0005 (Initially, start with .05%) 
  Side slope   1:1  
  Max V, m/s  0.75  For a sandy loam 
  N    0.03  
  Trial b, m   3.9   (Start with wider b)

d  A   P  R  V test  Q test
m  m2   m  m  m/s  m3/s
1.3  6.76  7.6  0.88  0.68  4.6

  Step 1.  Fill the Data Values above. 
  Step 2:  Give a trial Value for     b  
  Step 3:       Give a trial Value for     d  
	 	 Step	4:	 	 Check	if	the	Q	test	=or	>	Given	value	of	Q.		If	yes,	go	to	step	5
	 	 Step	5:	 	 Check	if	the	V	test	<	or	=	Given	value	of	V.	If	no,
  Step 6  Reduce bed slope and go to step 2 and follow the procedure again

Determinations of the dimensions of a parabolic section:

•	 Estimate	discharge	(Q)	using	the	Rational	or	Cooks	method	
•	 Slope	is	taken	as	the	natural	slope	(for	waterway)	or	decided	in	case	of	cutoff	drain;
•	 Select	maximum	permissible	 velocity	 depending	on	 channel	material	 and	 condition	of	
 cover;
•	 Select	(N)	roughness	coefficient	from	table	8;
•	 From	Manning's	equation	calculate	the	hydraulic	radius	r	i.e.	r	=	(vn/s0.5)1.5;
•	 Calculate	the	cross-sectional	area	of	the	channel	i.e.	A	=	Q/v;
•	 For	parabolic	section	take	the	design	depth	(d)	=	1.5r;
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•	 For	a	parabolic	section	take	the	design	to	width	(w)	=	A/0.67d;
•	 Set	the	values	of	the	design	criteria	depth	=	d	meter,	and	width	=	w	meter;
•	 Check	the	capacity	of	the	channel	if	it	is	adequate	or	not;
•	 For	a	parabolic	section	Q	=	Av	=	0.67wdv;
•	 Final	design	criteria	are	depth	=	design	depth	+	20%	free	board.

Box 5:  On the design of artificial waterway:

Using maximum permissible velocity method, design a parabolic grassed waterway to convey            
6  m3/sec on a 1 percent slope over an erodible sandy soil with Bermuda grass vegetation in 
a good stand cut to 6 cm.

1.	 Discharge	(Q)	=	6m3/s;
2.	 Slope	(s)	=	0.01;
3.	 Select	maximum	permissible	velocity	(v)	=	1.5m/s	from	table	5;
4.	 Select	Manning's	roughness	coefficient	(n)	=	0.034	from	table	8;
5.	 Calculate	the	hydraulic	radius	using	Manning's	equation;	r	=	(vn/s0.5)1.5;																																										
			r	=	(1.5*0.034/0.010.5)1.5;	r	=	0.364m;
6.	 Calculate	 the	required	cross-sectional	area	(A)	of	 the	channel;	A	=	Q/v	=	6/1.5	=	
4m2;
7.	 For	a	parabolic	section,	the	design	depth	(d)	=	1.5r;	d	=	1.5*0.364;	d	=	0.55m;
8.	 For	a	parabolic	 section,	 the	design	 top	width	 (t)	=	A/0.67d;	 t	=	4/0.67*0.55;	 t	=	
10.86m;
9.	 Design	criteria	are;	depth	=	0.55m;	width	=	10.86m;
10.	 Check	 the	 capacity	of	 the	 channel	 is	 adequate;	 for	a	parabolic	 section,	Q	=	Av	=	
0.67*t*d*v;	Av	=	0.67*10.86*0.55*1.5	=	6m3/s	which	is	adequate;
11.	 Final	design	criteria	are;	depth	=	design	depth	+	20%	free	board	=	0.55+0.11	=	
0.66m;	top	width	=	10.86m.	
12.	 As	a	result	of	the	freeboard,	the	Top	Width	(T)	=	t(D/d)1/2,	10.86(0.66/0.55)	1/2		=	
12m.

Remark: For quick decision, the dimensions of a waterway can be determined using tables 5 
and 6 below

Table 5: Relationship between drainage area and width of waterway

Table 6: Relationship between depth (m) and width (m) of waterway

Runoff area Width of the waterway (m)

Slope (0 -5%) Slope (6 -12%) Slope (13 -25%)
1 1.5 1.5 1.5
2 1.5 2 2.5
5 2 3 4.5
10 3 6 9
15 3.5 8 12
20 4.5 12 18

Width in meters Depth in meters

0 – 3 0.3

4 - 6 0.4

More than 6 0.5
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3: Design parameters for graded bunds

Vertical Interval: Is the spacing between two consecutive graded bunds in meter (it is the difference 
in height or elevation between two points on a slope) which relies on land slope, rainfall, soil 
infiltration and permeability data of the area. To determine the vertical interval between adjacent 
bunds, the following formula can be used: 
                 
													VI	=	SX	+	Y

				Where:			VI	=	vertical	interval	between	successive	bunds	(m)
																				S=	land	slope	(%)	or	ground	slope,	to	be	changed	into	decimal	for	calculation
X	=	is	a	variable	which	can	take	values	from	0.4	to	0.8.	The	choice	of	values	depends	on	rainfall.	
Low values for erosive rains

Y	=	is	a	variable	with	values	from	1	to	2.	The	smaller	value	is	used	on	erodible	soils.								
For	sandy	soils	Y	=	1.2,	for	moderately	erodible	soils	Y	=	1.5	and	for	less	erodible	soils	Y	=	2

In areas where there is adequate information on soil loss and the soil loss tolerance, terraces/
bunds are spaced such that the soil loss is within the allowable limit for contour cultivation, 
using the most intensive land use and the expected level of management. For the purpose of this 
manual	the	formula	given	above	(VI	=	SX	+	Y)	is	preferred.	To	illustrate	the	above	formula,	a	
table	showing	the	different	VI	values	(Table	1)	is	prepared	using	a	‘Y’	value	of	1.2	for	sandy	soils.
 
Table 1: VI in meters, for easily erodible soils (sandy soils) 

Slope in percent 
(decimal)

Vertical Interval values (meters)

For a rainfall of  
<1400	mm,	(X	=	0.65)

For rainfall of 1400 – 
1800	mm	(X	=	0.7)

For a rainfall of  
>1800	mm,	(X	=	0.8)

3 – 5 (0.04) 1.2 1.2 1.2
6 – 8 (0.07) 1.2 1.2 1.3
9 – 11 (0.1) 1.3 1.3 1.3
12 -15 (0.13) 1.3 1.3 1.3
16 – 20 (0.17) 1.3 1.3 1.3
20 – 25 (0.22) 1.3 1.4 1.4
25 – 30 (0.26) 1.4 1.4 1.4
30 – 40 (0.33) 1.4 1.4 1.5
40 – 50 (0.44) 1.5 1.5 1.6

Using the above example, various tables can be prepared by applying different “X” values which 
is to be selected with due consideration of the variations in soil sensitivity to erosion. 
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Box 1: A farmer wants to construct graded structures on a farmland of sandy soils having a 
general slope of 22%. The annual rainfall in the locality is 1500 mm. What is the value of VI 
he need to use?

Taking	the	given	values	of	slope	and	soil	characteristics,	Table	1	above	gives	the	answer;	VI	=	
1.4 meters. 

Horizontal Spacing: Is the horizontal ground distance or cultivable strip in meter between the 
successive bunds. It is measured by the land slope and calculated using the following formula:

																					HD	=	VI/S	

			Where:	HD=Horizontal	distance	of	the	bund	(m)
																	VI	=	Vertical	Interval	(m)
																S	=	Land	Slope	(%)

In order to avoid calculation and for ease of work, use the information given in the following table 
for bund spacing (calculated from the above formulas).

Table 2: Spacing of bunds expressed in Vertical interval (VI) and Horizontal distance (HD)

Slope (%)
Soil with high infiltration and 

permeability
Soil with low infiltration and 

permeability soil
VI(m) HD(m) VI(m) HD(m)

3 1.0 34.4 0.7 23.4
4 1.1 28.1 0.8 19.1
5 1.2 24.4 0.8 16.6
6 1.3 21.9 0.9 14.9
7 1.4 20.1 1.0 13.7
8 1.5 18.8 1.0 12.8
9 1.6 17.7 1.1 12.0

10 1.7 16.9 1.1 11.5
11 1.8 16.2 1.2 11.0
12 1.9 15.6 1.3 10.6
13 2.0 15.1 1.3 10.3
14 2.1 14.7 1.4 10.0
15 2.2 14.4 1.5 9.8
16 2.3 14.1 1.5 9.6
17 2.3 13.8 1.6 9.4
18 2.4 13.5 1.7 9.2
19 2.5 13.3 1.7 9.1
20 2.6 13.1 1.8 8.9
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Annex 4: Determination of check-dam spacing

The spacing of the check-dams should be such that the spillway crest of one check-dam is level 
with the base of the next check-dam upstream. With this assumption, the spacing between check-
dams can be calculated using the following formulae. 

(i)   Calculating number of check-dams using compensation gradient    
 
  N.O.C.D =   a - b
            H

Where,	N.O.C.D	=	Number	of	check-dams	to	be	constructed	in	the	gully	under	observation

a	=	the	total	vertical	distance	is	calculated	according	to	the	average	gully	channel	gradient	and	 
 the horizontal distance between the first and last check-dam in that portion of the gully bed.

b	=		the	total	vertical	distance	is	calculated	according	to	the	compensation	gradient	and	horizontal	 
 distance between the first and last check-dam in that portion of the gully bed (compensation  
 gradient).

H	=	the	average	effective	height	of	the	check-dams,	excluding	foundation,	to	be	constructed	in	 
 that portion of the gully bed.

The above formula depicts that the spaces between check-dams can be determined according to 
the compensation gradient and the effective height for the check-dams. The gradient between the 
top of the lower check-dam and the bottom of the upper one is called “compensation gradient” 
which is the future or final gradient of the gully channel. It is formed when material carried by 
flowing water fills the check-dams to spillway level. 

Figure 13: shows how to use clinometers, a clinometers’ stand and a target in order to find the 
second check-dam point in a gully bed. At the second point, the effective height of the second 
check-dam is marked at the edge of the gully by taking into account the depth of the gully, the 
depth of the spillway and the maximum height of the check-dam. 
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Figure 1: Measuring the gradient of the gully between check-dams. 

(ii) The spacing of check-dams can be also determined by using an empirical formula:

 
  S =   1.2H/G

Where;
S  it the spacing in meters
H  is the effective height of the check-dam (spillway height in m)
G  is the gully gradient

a	=	the	total	vertical	distance	is	calculated	according	to	the	average	gully	channel	gradient	and	
 the horizontal distance between the first and last check-dam in that portion of the gully bed.

b	=		the	total	vertical	distance	is	calculated	according	to	the	compensation	gradient	and	horizontal	
 distance between the first and last check-dam in that portion of the gully bed (compensation 
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H	=	the	average	effective	height	of	the	check-dams,	excluding	foundation,	to	be	constructed	in	
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The above formula depicts that the spaces between check-dams can be determined according to 
the compensation gradient and the effective height for the check-dams. The gradient between the 
top of the lower check-dam and the bottom of the upper one is called “compensation gradient” 
which is the future or final gradient of the gully channel. It is formed when material carried by 
flowing water fills the check-dams to spillway level. 

Figure 13: shows how to use clinometers, a clinometers’ stand and a target in order to find the 
second check-dam point in a gully bed. At the second point, the effective height of the second 
check-dam is marked at the edge of the gully by taking into account the depth of the gully, the 
depth of the spillway and the maximum height of the check-dam. 
 

Box 1: What will be the spacing of the check-dam, if the effective dam height is 1.5 m and 
gully gradient is 15%?

Solution:	Using	the	above	empirical	formula:	Spacing	=	1.2x1.5/0.15	=	12	m.	This	means	
check-dams will be installed along the gully at each 12m distance. 
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Figure 1: Measuring the gradient of the gully between check-dams. 
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Figure 2: Check-dam spacing and sedimentation

Annex 5: Spillway design and Apron installation for a check-dam

a)  Spillway design:

The spillway of a check-dam should be designed to convey peak runoff safely. It has to be designed 
to carry the maximum flow without overtopping or breaching the check-dam. Therefore it must be 
big enough to accommodate the maximum flow expected once in ten years. For a rough estimate 
of a peak flow, the watermarks visible on the gully banks or debris deposits give a good indication 
of the magnitude of peak flow and the dimensions required for the spillway. For a better and 
realistic way, the discharge to be accommodated through the spillway can be calculated using 
the aforementioned discharge formula and hence the width and depth of the spillway can be 
estimated using a spillway formula equated below.

   Q =   Cld3/2

C	=		 Coefficient	which	is	3.0	for	loose	rock,	boulder	log	and	brushwood	check-dams;	1.8	for	
 gabion and cement masonry check-dams.

l	=		 Length	of	spillway	in	meters,	d	=	depth	of	spillway	in	meters

Q	=		 Maximum	discharge	of	 the	gully	catchment	at	 the	proposed	check-dam	point,	 in	cubic	
 meters/second.

Box 1: The catchment area of a gully is 15 ha above the point where a loose rock check-dam 
would be built. The catchment is expected to generate a runoff which amounts 9.675m3/
second. What are the dimensions of the check-dam's spillway?

The spillway dimensions can be calculated by the spillway formula as follows:

Q	=	Cld3/2,	Q:	9.675	cubic	meters/second,	 is	given	and	C:	3.0	coefficient	 for	rock	and	
brush structures
D: Depth of spillway varies from 0.5 to 1.5 m in general. (0.8 m is tried as shown below).

9.675	=	3l	0.83/2	=	3l	0.71,	l	=	4.54	m	
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fWater level at peak flow

Shoulder

The dotted line represents 
extension of the dam into 
walls and floor of the gully

d= Depth
h = maximum height of water above spillway
f = free board
l = length of spillway crest

Figure 1: Cross section of a check-dam spillway

Spillway dimensions can also be determined using table 1 below. The depth of the spillway can 
be determined on the basis of the discharge entering into the gully from the gully catchment 
upstream and the width of the spillway, which is proportional to the gully bottom width. Note that 
the numbers in Italics in the table below are discharge values. 

Table 1: Depth of spillway required for different widths and discharges 

Source Wenner, 1984

Box 2: If the runoff entering into the gully is 1.5m3/s, assume the spillway width of 2.4 meter; 
from the table above, the depth of spillway is 0.6 meters.

b)  Installing apron:

An apron is to be designed such that it dissipates the energy of falling water passing through the 
spillway. It can be made from stone riprap, strong enough to withstand pressure of falling water 
and a surface wash. To prevent surface wash the voids between the stone riprap is to be filled with 
gravel. In conditions when the spillway height is big, the apron can be constructed from gabion 
box filled with stone. 

Depth of spillway 
(m)

Average width of spillway (m)

0.6 1.2 1.8 2.4 3.0 3.6 4.8
0.15 0.05 0.1 0.15 0.2 0.25 0.3 0.35
0.3 0.1 0.25 0.4 0.5 0.6 0.75 0.9
0.45 0.2 0.5 0.7 0.9 1.2 1.4 1.5
0.6 0.35 0.7 1.1 1.5 1.8 2.2 2.5
0.75 0.6 1.5 2.0 2.7 3.3 3.9 4.7
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An apron may also be built below the ground surface. In this case, it will form a basin which when 
filled with water, will function as a water cushion and dissipate the energy of water falling on it. The 
apron should have length of 1.5 times the height of the check-dam. For gullies with slope more 
than 15% the apron length should be 1.8 times the height of the dam. Apron should be placed 
in an excavation of about 0.3 – 0.5 m to ensure stability and prevent wash away. A sill, about 15 
cm high should be constructed on the lower end of the apron. The apron should be built at least 
50 cm wider than the spillway opening on both sides. 

Figure 2: Waterfall passing through the spillway and falling on the apron  

Annex 6: Format to be used to characterize a micro-watershed through  
     transect walk

Name of Woreda/district: ___________________   Name of village: _________________   
Name of micro-watershed: ___________________
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Design and types of apron : above ground and flush apron

SH

C
L

A

A = Apron
S = Sill
L = Apron length
C = Check dam
H = Dam height

Features 
Transect stops

1 2 3 4 5 6
Elevation
Slope
Soil 
Land use
Degradation features/
indicators
Major crops 
Livestock system
Tree system 
Potentials 
Challenges 
Existing Interventions 
(SWC, Plantation, 
horticulture, livestock, 
etc)
Future 
Recommendations
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Annex 7: Biophysical and Socio-Economic Data Collection Format for  
   Watershed Planning 

1.  Background information on a watershed area and the community:

1.1   Region/ __________________   Zone/ ____________________
1.2   Wereda/district/locality___________       Kebele/village______________
1.3   Name of sub watershed_________________________________
1.4   Distance from the woreda/locality town ___________________
1.5   Area of the sub watershed in ha, ___________________
1.6 Altitude of the sub watershed above sea level in meter, 
        Minimum   __________ maximum ________ 
1.7 Agro-ecological location of the sub watershed_____________________________

2.  Population: 

Table 1: Population data of the watershed

2.1  Population in the watershed by age class: up to 15 year___________ 
  from 15 to 60 year____________   above 60 year _____________
  2.2  Average landholding of a household in ha, _______________

3.  Community watershed development team: 

    Table 2: Community watershed team members, name, sex and, title 

No of Household / male or female Watershed population   Average family size  

Male Female  Total    Male  Female  Total 
In No 
in %

No Name Sex Title Remark  
1
2
3
4
5
6
7
8
9
10
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4. Identification of watershed problems, root causes and possible solutions:

Table 3: Scio-economic situations in the watershed

Any remark can be mentioned here: 

 

Major Problems (related to :) Root causes Solutions Rank
Crop 

Natural resource 

Livestock 

Infrastructure 

Socio- economic 

Others 
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5. Wealth ranking and analysis of problems identified: 
 
Table 4:  Distribution of households by size of the land owned 

Table 5: Wealth ranking and vulnerability assessment 

Table 6: Distribution of households by wealth

•	 Describe	the	main		factors	for	vulnerability ______________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
_________________________________________________________________
______________

 

Land size (local unit) Land size in ha 
Number of household

Male Female Total 
0
1-2 0.25-0.5
2-4 0.5-1
4-6 1-1.5
>6 >1.5

Wealth ranking 
Criteria used for 

classification
Male HH Female HH Total % from total 

1.  Rich
2.  Medium
3.  Poor
4.  Very poor

Wealth ranking Male % Female % Total %
1.  Rich
2.  Medium
3.  Poor
4.  Very poor

         Total 
         In %
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6. Data related to crop production: 

Table 7: Main crops and their coverage in the watershed 

Table 8.  Agricultural calendar, (fill in months of the year)

•	 Existing	crop	rotation	system	including	fallow	

Crop 1______________year __________ from month _________to month __________

Crop 2______________year __________ from month _________to month __________

Crop 3______________year __________ from month _________to month __________
 
Crop 4______________year __________ from month _________to month __________

•	 Describe	the	crop	rotation	trend	for	the	last	ten	years	_____________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
__________________

No Meher (main 
rainy season) 
crops 

 ha Productivity Belg (small 
rainy season) 
crops 

 ha Productivity 

Major crops Implementation month/s Purpose of 
producing the 
crop (food, 
market, etc)

Ploughing
1st, 2nd, 3rd, 
4th  

Sowing Weeding Harvesting 
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Table 9:  Crop coverage, Varity and yield in the watershed 

Table 10: Fertilizer usage and its application 

Table 11:  Vegetables and fruit production

•	 Describe	if	there	are	problems	and	constraints	on	production	of	fruit	and	vegetables	in	
the area,______________________________________________________________________
_____________________________________________________________________________
_______________________________

 Table 12: Pests and disease condition in the watershed  

 

No Crop type Varity  Coverage in 
ha

Productivity in ha

Good season Bad season 

Type of fertilizer Fertilizer Application Remark

DAP High Medium Low Vegetables 

UREA
Organic fertilizer 
Others 

Name of pest & 
disease

Affected Crops 
type 

Level of damage Remark

High Medium Low

Current situation Recommendation

Vegetables Yield /ha Fruits Yield /ha Vegetables Fruits 
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•	 What	method	do	the	communities	use	to	prevent	pests	and	disease?	describe	it	further	
_____________________________________________________________________________
_________________________________________________________________________

•	 What	do	farmers	justify	for	reduction	of	yield	in	their	area?	________________________
_____________________________________________________________________________
____________________________________
•	 In	crop	production,	at	what	months	of	the	year	is	labor	a	constraint?	________________
_____________________________________________________
•	 Describe	some		crop	harvesting	and	storage	problems	____________________________
_____________________________________________________________________________
___________________________ 

 7.  Livestock production: 

Table 13:  Number of livestock in the watershed community

Table 14:  Alternative forage /fodder source of the community / (mark XXX for very   
                Common, XX for common and X for rare) 

Table 15: Source of water for livestock
 

 

Type of livestock No Average per household Percentage from the total 

Oxen 
Caws / heifer 
Goats 
Sheep
Donkey 
Horse/mule
Others 
Total

Fodder source In dry season In wet season Ranking 

Grass on grazing land 
Grass from cut and 
carry hay 
Crop residue 
Other 

Water source No. available Average Distance Ranking 

Spring
River
Hand dug well
Pond
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Table 16: Livestock health and disease condition 

•	 Average	distance	from	animal	health	center	in	km,_______________________________

•	 What	are	the	common	livestock	management	practices	(free	grazing,	stall	feeding,	 
 rotational grazing, pastoral system, and etc), implemented/adapted in the watershed? __ 
 _________________________________________________________________________ 
 _________________________________________________________________________ 
 ______________________________________________________

•	 Describe	the	problems	in	fodder	and	forage	supply	of	the	community	________________ 
 _______________________________________________________________________ 
 _________________________________________________________________________ 
 _____________________________

•	 Describe	the	management	and	problems	of	communal	grazing	lands	_______________ 
 ________________________________________________________________________ 
 _________________________________________________________________________ 
 ______________________________

•	 What	is	the	status	of	grazing	lands	(the	expansion	of	farmland,	grazing	land	size	in	 
 relation to livestock population and soil erosion, etc)? ____________________________ 
 _______________________________________________________________________ 
 _________________________________________________________________________ 
 ________________________

•	 Describe	the	problems	in	forage	production,	management	and	utilization	____________ 
 _______________________________________________________________________ 
 _________________________________________________________________________ 
 ______________________________

•	 Is	the	area	suitable	for	apiculture	and	honey	production?	_________________________ 
 _______________________________________________________________________ 
 _________________________________________________________________________ 
 _______________________________________

•	 List	some	of	the	most	common	plants	in	the	village	that	could	provide	livestock/bee	 
 forage ___________________________________________________________________ 
 _________________________________________________________________________ 
 _________________________________________________________________    

No Disease type  Livestock attacked Level of damage

High Low
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8.  Forest resources, construction and fuel wood production:
 
Table 17: Type of tree and shrubs available in the area

Table 18:  Status of forest in the watershed

Table 19:  Source of fuel wood condition, (mark, xxx for very common, xx for common, x for    
  rare, and o for nil)

•	 Who	is	responsible	for	collection	of	dung?
 
 ___________________________________________________________

•	 Describe	the	main	problem	in	searching	and	availability	of	fuel	wood	_______________ 
 _________________________________________________________________________ 

Type of tree & shrubs Land use Purpose  Propagation method  Remark 

Fuel source Dry season Wet season Availability 

Fire Wood 
Charcoal 
Dung cake
Crop residues 
Others (specify)

Name of forest area Area in ha Purpose 
 Propagation method  

Type of ownership

Artificial Natural 
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•	 How	long	does	it	take	for	an	individual	to	collect	fire	wood?	_______________________ 
 __________________________________________________

•	 What	is	the	status	of	private	forest	ownership?
 
 _________________________________________________________________________

•	 Total		number	of	households	who	have	forest	area	-----------------,	Male	-------------------	 
 Female ------------------- Average forest area----------------

•	 Describe	if	there	is	natural	forest	in	the	watershed	(in	ha),	and	major	species	 
 combination? _____________________________________________________________ 
 _________________________________________________________________ 

•	 How	the	natural	forest	management	looks	like?	_________________________________ 
 _________________________________________________________________________ 
 ___________________

•	 Source	of	seedlings	 	 	 Distance	from	the	watershed	in	Km
1. Individual                            _________________
2. Government   _________________
3. NGO’s   _________________
4. Others    _________________

•	 Describe	how	the	community	solves	problems	in	relation	to	fire	wood	and	construction?	
_____________________________________________________________________________
_________________________________________________

9.  Water resource development:

Table 20:  Source of water in the watershed

•	 Describe	if	there	is	shortage	of	water	for	domestic	use	and	how	farmers	solve	the	
problem ______________________________________________________________________
_______________________________________________________

•	 Who	is	responsible	to	collect	water?	________________________________

Source of water Amount in Number Purpose Average distance Flow seasons 

River 
Spring 
Pond 
Well
Lake
Dam
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Existing 
structures 

Quantity in No  Number  of 
Beneficiary 

Irrigated land 
in ha  

Potential 
irrigable area 
in ha 

Irrigation  
method utilized 

•	 How	long	people	travel	to	collect	water	(in	km	and	hour)?	_________________________
_____________________________________________________________________________
_______________________

•	 Condition	of	water	supply:	mark	x	for	the	type	of	source	the	community	is	using
 Source of water                           rainy season                           dry season 

1.  River     ________________                    ______________
2. Spring    ________________                ______________
3. Pond    ________________                ______________
4. Hand dug well                    ________________                  ______________
5. Lake                                 ________________               ______________ 

•	 How	is	water	supply	for	the	livestock,	describe	if	there	is	shortage,	at	what	season	_____ 
 _________________________________________________________________________ 
 _________________________________________________

•	 How	long	cattle	travel	for	water?	___________________________	
 
•	 Mention	the	main	cause	for	water	shortage?	____________________________________ 
 _________________________________________________________________________ 
 _________

Table 21:  Water harvesting and small scale irrigation

•	 Is	there	water	source	that	is	not	used	for	irrigation,	why?	__________________________ 
 _________________________________________________________________________ 
 ___________________________

•	 Described	if	there	are	unused	irrigation	structures	are	there	in	the	watershed?	and	why?	 
 _________________________________________________________________________ 
 _____________________________________

•	 Describe	problems	with	regard	to	irrigation	and	water	harvesting?	__________________ 
 _________________________________________________________________________ 
 __________________________________ 
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10. Soil and land use data:
  
 Table 22: Present land use condition 

Table 23: Slope classes and land capability classes

Table 24: Distribution of gully in the watershed

Land use Area in ha Slope in % Vegetation 
coverage 

Status of soil 
erosion 

Symptoms for 
soil erosion 

Farm land 
CL1
CL2
CL3
Grazing land 
GL1
GL2
Forest land 
FL1
FL2
Village 

Land use Gully 
length 

Gully width Average 
depth 

Gully status Symptoms for 
soil erosion 

Forest land 
Grazing land
Farmland 
Village 

No Slope percentage (%) Area, ha Area (%) Land 
capability 
class

Remark

1 0 - 3 I
2 3 - 8 IIL
3 8 - 15 IIILE
4 15 - 30 IVLE
5 30 - 50 VILS, VILD
6 >50 VIILD

Total
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Symptoms for 
soil erosion 

Farm land 
CL1
CL2
CL3
Grazing land 
GL1
GL2
Forest land 
FL1
FL2
Village 

Land use Gully 
length 

Gully width Average 
depth 

Gully status Symptoms for 
soil erosion 

Forest land 
Grazing land
Farmland 
Village 

No Slope percentage (%) Area, ha Area (%) Land 
capability 
class

Remark

1 0 - 3 I
2 3 - 8 IIL
3 8 - 15 IIILE
4 15 - 30 IVLE
5 30 - 50 VILS, VILD
6 >50 VIILD

Total
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•	 Describe	major	cause	for	gully	formation	and	expansion	__________________________ 
 _________________________________________________________________________ 
 ________________________________

•	 Mention	the	main	cause	for	soil	erosion	and	land	degradation	_____________________ 
 _________________________________________________________________________ 
 _________________________________

•	 How	is	the	status	of	soil	erosion	in	different	land	uses?	____________________________ 
 _________________________________________________________________________ 
 ________________________

•	 How	is	the	soil	fertility	and	acidity	condition	of	the	area?	__________________________ 
 _________________________________________________________________________ 
 _________________________________________________________________________ 
 _____________________________________________

Table 25: Existing soil and water conservation structures 

11. Land administration and certification (use this part if it is applicable only) 

•	 When	did	land	registration	and	documentation	started?	________

•	 Number	of	households	that	received	first	level	certificate	in	the	watershed	
 Male ________ Female _________ Total ___________

•	 Number	of	households	that	received	second	level	certificate	in	the	watershed	
 Male ________ Female _________ Total ___________

•	 Is	there	any	land	management	and	utilization	change	after	the	provision	of	certificates?	 
 _________________________________________________________________________ 
 _____________________________________________________

•	 Did	land	certification	contribute	for	natural	resource	conservation,	state	some	examples	 
 if any? _________________________________________________________________
 

No Activities Hectares Land use Current status
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12. Labor availability and supply:

Table 26: Labor availability in each month

13. Distribution of infrastructure and social service institutions in the watershed:
 
Table 27:  Data on social services distribution

 

Table 28: Market supply and demand of goods by the community

No Months Labor availability

High Medium low
1 September 
2 October 
3 November 
4 December 
5 January 
6 February 
7 March 
8 April 
9 May 
10 Jun 
11 July 
12 August 

No Produces/goods for market supply Demand of goods from the market 

No Institutions Location in the watershed or Distance from 
watershed 

Remark 

Inside Outside 
1 Road 
2 Market 
3 School
4 Health center 
5 FTC

6
Kebele/village 
administration

7 Telephone 
8 Electric 

Others
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12. Labor availability and supply:

Table 26: Labor availability in each month

13. Distribution of infrastructure and social service institutions in the watershed:
 
Table 27:  Data on social services distribution

 

Table 28: Market supply and demand of goods by the community

No Months Labor availability

High Medium low
1 September 
2 October 
3 November 
4 December 
5 January 
6 February 
7 March 
8 April 
9 May 
10 Jun 
11 July 
12 August 

No Produces/goods for market supply Demand of goods from the market 

No Institutions Location in the watershed or Distance from 
watershed 

Remark 

Inside Outside 
1 Road 
2 Market 
3 School
4 Health center 
5 FTC

6
Kebele/village 
administration

7 Telephone 
8 Electric 

Others
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14.  Base map of the sub watershed: 



216

N
o

D
es

cr
ip

tio
n 

of
 a

ct
iv

iti
es

 
(fr

om
 d

iff
er

en
t o

ut
pu

ts
)

U
ni

t 
W

or
k 

no
rm

 
To

ta
l T

ar
ge

t 
( f

or
 5

 y
ea

r)
PD

s 
re

qu
ire

d
( f

or
 5

 y
ea

r)
Ta

rg
et

s 
di

st
rib

ut
ed

 fo
r 

ea
ch

 y
ea

r

1s
t  

ye
ar

 
2n

d 
ye

ar
 

3r
d 

ye
ar

 
4t

h 
ye

ar
5t

h 
ye

ar

15
.  

su
b 

w
at

er
sh

ed
 d

ev
el

op
m

en
t w

or
k 

pl
an

 (
Fi

ve
 y

ea
rs

 s
tra

te
gi

c 
pl

an
):



216

N
o

D
es

cr
ip

tio
n 

of
 a

ct
iv

iti
es

 
(fr

om
 d

iff
er

en
t o

ut
pu

ts
)

U
ni

t 
W

or
k 

no
rm

 
To

ta
l T

ar
ge

t 
( f

or
 5

 y
ea

r)
PD

s 
re

qu
ire

d
( f

or
 5

 y
ea

r)
Ta

rg
et

s 
di

st
rib

ut
ed

 fo
r 

ea
ch

 y
ea

r

1s
t  

ye
ar

 
2n

d 
ye

ar
 

3r
d 

ye
ar

 
4t

h 
ye

ar
5t

h 
ye

ar

15
.  

su
b 

w
at

er
sh

ed
 d

ev
el

op
m

en
t w

or
k 

pl
an

 (
Fi

ve
 y

ea
rs

 s
tra

te
gi

c 
pl

an
):

217

16.  Sub watershed development Map:
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17. Materials and inputs required to implement the planned activities:

18. _________________________________ watershed annual work plan: 

No Items Unit Target Supplier Date of supply

No Activities Unit Work 
norm

Annual Target Budget required Responsible 
body
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17. Materials and inputs required to implement the planned activities:

18. _________________________________ watershed annual work plan: 

No Items Unit Target Supplier Date of supply

No Activities Unit Work 
norm

Annual Target Budget required Responsible 
body
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20. Intervention logic of the watershed development process

21. Dimension of sustainability and their indicators

Remark:  The institutional response can be combined with the social issues, but for more focused  
  analysis, it is advisable to see it separately.
 

Intervention 
logic

Objectively 
Verifiable 
indicators

Means of 
verification

Assumption 
and 
requirements

Supplier Date of supply

Goal:
Purpose/
millstone:
Output:
Activity:

Sustainability indicators What is the current situation? How to improve it? 

Ecological response

Economic viability

Social response

Institutional response
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20. Intervention logic of the watershed development process

21. Dimension of sustainability and their indicators

Remark:  The institutional response can be combined with the social issues, but for more focused  
  analysis, it is advisable to see it separately.
 

Intervention 
logic

Objectively 
Verifiable 
indicators

Means of 
verification

Assumption 
and 
requirements

Supplier Date of supply

Goal:
Purpose/
millstone:
Output:
Activity:

Sustainability indicators What is the current situation? How to improve it? 

Ecological response

Economic viability

Social response

Institutional response
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22. Identification and ranking of problems using a pairwise technique

Remark:  All the problems identified together with the community watershed committee have to 
  be listed in the table above by replacing the numbers listed. The problems can be 
  more than or less than five. In this case the table can be enlarged or squeezed 
  respectively. After inserting the problems horizontally and vertically, the community 
  representatives will be asked to compare one problem from the other. The problem or 
  a number which represents that problem will be indicated in the matrix boxes. The 
  process will be carried out until we finish the comparison among all problems 
  mentioned. 

The next task is ranking the problems according to the number of times a problem is selected. The 
type of problem which appears the highest number of times ranks as first and the others follow 
accordingly. In cases when to problems have similar scores; one has to see the situation when the 
two problems were compared among each other. That means, the one which was selected during 
the comparison among each other will be ranked and the other follows after.
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Instructions to use the above table:

1. The conservation measures to be chosen for gully control may vary as per the size of a  
 gully. As a result the table should be filled separately for big, medium and small sized  
 gullies. 
2. The land use type is the name of the land use where the gully is observed. If a gully crosses  
 several land use types, the name of the site or village can replace the land use type
3. Column number 1 is the total count of the gullies existing in a particular land use or  
 location
4. Column 2 , 3 and 4 are the average values of that size gully for each parameter indicated
5. Column 5, and 6 are the average gradient and the estimated/calculated size of the runoff  
 area for the existing gully, respectively
6. Column 7 can be filled by dividing the total length of the gully existing in a particular  
 location by  the total area of the gully catchment 
7. Column 8 is calculated by multiplying columns 1, 2, 3, and 4 together. It shows the volume  
 or mass of soil that has actually been moved from the gully area and possibly accumulated  
 on other sites down slope. 
8. It is always important to use appropriate units while doing various calculations in the table  
 above.

Annex 9:  Land Capability Classification for Soil and Water Conservation  
   Purpose 

1.1 General

Land capability classification for the purpose of soil conservation is a basic tool for field work to 
understand the capability of the land in terms of sustained production of major kinds of land i.e. 
crop production, grazing and forestry.

The proposed land classification for use on soil conservation is based on the experience and 
local conditions of Ethiopia. The range of characteristics of each land feature, which are used 
to assess the land classes, was tested in the field in the different agro-ecological zones of the 
country. The present land capability classification for the purpose of soil conservation is taken 
from Javer Escobedo – 1990, which was originally derived from USDA and FAO. Here, in the 
guidelines, details are given on the principles and categories of the system, on the criteria and 
on how to observe measures and record the most important features of the landscape and the 
soils, particularly those related to the soil erosion and soil conservation. A description of the Soil 
Conservation Requirement Classes and the recommended soil conservation and management 
practices are also given.

1.2 Scope of its Use

The present method/tool of the land capability classification for the purpose of soil conservation is 
used for a rainfall ranges 400mm <LCCs < 1200mm. The land classification can be used as part 
of the main planning guideline. The method gives quick ability to read landscapes and identify 
interventions. It can also be used as a tool to know whether there is land abuse or not.
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1.3 Principles

Soil properties and qualities are essential to design physical and biological soil and water 
conservation (SWC) measures. The land capability classification is primarily meant for SWC– not 
for land evaluation. Productivity/economic assessments are not made. Land is classified based on 
its limitations.

1.4 Soil and Water Conservation Requirement Classes (SWCRCs)

There are 8 SCRCs, Namely; I, II, III, IV, V, VI, VII and VIII. The risk of erosion and requirement of 
conservation practices increases from classes I to IV and VI to VIII. Class V is a special case and 
is for wet lands.

Land Capability Unit (LCU) is the lowest category of the system with the major limiting factors 
affecting the use of the land for agricultural purposes. Limiting factors could be one or two of the 
following:

– Slope (L)
– Soil Depth (D)
– Past Erosion (E)
– Water logging (W)
– Infiltration (I)
– Texture (T)
– Stoniness (S)

SCRC	symbol	+	Major	limiting	factor(s)	=	LCU.	Examples	of	LCU:	IIL,	IIIL,	IVD,	VIIE,	VIIT,	VIIID,	
VW. Land Class Unit I is without any limitation.

1.5 Most Suitable Land Use for each SCRC

The Land Capability Classification for use in soil and water conservation also attempts to identify 
the MOST SUITABLE LAND USE for each SCRC. The following grouping could be used.

  

Runoff / infiltration volume

Topography
Soil

Storage capacity

DepthStructureTexture

Root growth 
and soil fertility

Plant growth

Efficiency of runoff farming system for crop production

Important  soil  parameters  in  agriculture  can  be  linked  as  below
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Root growth 
and soil fertility

Plant growth

Efficiency of runoff farming system for crop production

Important  soil  parameters  in  agriculture  can  be  linked  as  below
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SCRC    Suitable land Use 

I, II, III, IV   Land , suitable for annual crops 
V    Wet land – regularly waterlogged, may be suitable for temporary grazing  
    and rice
VI    Land suitable for perennial crops or grazing
VII    Land suitable for forestry
VIII    Land not suitable for agriculture

1.6 Criteria for Land Classification

Classes of the Limiting factors, Range of values, and Coding for Slope is given below:
SLOPE CLASSES (L)   % RANGE   CODE 

Flat or almost flat   0-3    L1 
Gently sloping    3-8    L2 
Sloping     8-15    L3 
Moderately steep   15-30    L4 
Steep     30-50    L5 
Very steep    > 50    L6 

Classes of the Limiting factors, Range of values, and Coding for Soil Depth is given below:
SOIL DEPTH  CLASSES (D)   RANGE in CM   CODE 
Very deep     >150     D1 
Deep      100 - 150    D2 
Moderately deep    50 - 100    D3 
Shallow      25 - 50    D4 
Very Shallow     < 25     D5 

Classes of the Limiting factors, Range of values, and Coding for Past erosion is given below:
EROSION CLASSES (E)   Code 
None      E0 
Slight      E1 
Moderate     E2 
Severe      E3 
Very Severe     E4 

Classes of the Limiting factors, Range of values, and Coding for Texture is given below:
SOIL TEXTURE CLASSES (T)   Code    Common Name 
Sand       T1    Coarse
Sandy Loam      T2    Coarse
Loam       T3    Coarse
Silt Loam      T4    Medium
Clay Loam      T5    Medium
Silt Clay Loam     T6   Fine
Heavy Clay      T7   Fine
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Classes of the Limiting factors, Range of values, and Coding for Infiltration is given below:
INFILTRATION CLASSES (I)   Code 
Good       I0 
Moderate      I1 
Poor        I2 

 
Classes of the Limiting factors, Range of values, and Coding for Water logging is given below:

WATER LOGGING CLASSES (W)   Code 
None       W0 
Intermittently Waterlogged    W1 
Regularly Waterlogged    W2 
Swamps      W3 

Classes of the Limiting factors, Range of values, and Coding for Surface Stoniness/Rockiness is 
given below:

STONINESS OR ROCKINESS (S)   Code 

< 15%       S0 
15 – 30%      S1 
30 – 50%      S2 
50 – 90%      S3 
>90%      S4 

1.7 Description of the SCRCs

CLASS I's Requirements CLASS II's Requirements CLASS III's Requirements 

•	 Suited	to	a	wide	range	of	 
     plants and may be used  
     safely for cultivated crops,  
     pasture, range, woodlands  
     and wildlife. 
•	 The	soils	are	deep,	 
     generally   well drained,  
     and easily   worked. They     
     hold water  well and are  
     either fairly well  supplied  
     with plant nutrients or highly  
     responsive to inputs of  
     fertilizer.
•	 Soils	in	Class	1	need	 
     ordinary management  
     practices to maintain  
     productivity - 
•	 Slope:	<	3%	
•	 Soil	depth:	>	150	cm.
•	 No	past	erosion	 
       noticeable 
•	 Texture:	medium	(T3	to	 
       T6) 
•	 No	waterlogging	
•	 Good	infiltration
•	 Surface	stoniness:	<	 
       15%

•	 Have	some	limitations	that	 
    reduce the choice of plants or  
    require moderate conservation  
     practices. 
•	 Require	careful	soil	 
     management, including  
     conservation practices, when  
     the soils are cultivated. 
•	 The	minor	limitations	will	 
     include one or more of the  
     following:
•	 Slope:	<	8	%
•	 Soil	depth:	>	100	cm
•	 No	past	erosion	noticeable
•	 Medium	and	fine	textures	(T3	 
     to T6), heavy clay excluded
•	 No	water	logging	problems
•	 Good	infiltration
•	 Stoniness:	<	30	%
•	 IIL,	IID,	IIT,	IIS

•	 More	restrictions	than	those	 
     in Class 2 and when used for  
     cultivated crops the  
     conservation practices are  
     usually more difficult to apply  
     and to maintain. 
•	 Limitations	of	these	soils	 
     restrict the use of this class of  
     lands for cultivation; the  
     timing of planting, tillage, and  
     or some combination of these  
     limitations. 
•	 More	restrictions	and	 
     limitations will include one or  
     more of the following:
•	 Slope:	<	15	%
•	 Soil	depth:	>	100	cm
•	 Nil	to	slight	past	erosion	
•	 Medium	and	fine	textures	 
       (T3 to T7), heavy clay  
       included
•	 Non	to	intermittently	 
       water logging 
•	 Infiltration	non	to	 
       moderate
•	 Stoniness:	<	50	%
•	 IIIL,	IIIE,	IIIW,	IIIi
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Classes of the Limiting factors, Range of values, and Coding for Infiltration is given below:
INFILTRATION CLASSES (I)   Code 
Good       I0 
Moderate      I1 
Poor        I2 

 
Classes of the Limiting factors, Range of values, and Coding for Water logging is given below:

WATER LOGGING CLASSES (W)   Code 
None       W0 
Intermittently Waterlogged    W1 
Regularly Waterlogged    W2 
Swamps      W3 

Classes of the Limiting factors, Range of values, and Coding for Surface Stoniness/Rockiness is 
given below:

STONINESS OR ROCKINESS (S)   Code 

< 15%       S0 
15 – 30%      S1 
30 – 50%      S2 
50 – 90%      S3 
>90%      S4 

1.7 Description of the SCRCs

CLASS I's Requirements CLASS II's Requirements CLASS III's Requirements 

•	 Suited	to	a	wide	range	of	 
     plants and may be used  
     safely for cultivated crops,  
     pasture, range, woodlands  
     and wildlife. 
•	 The	soils	are	deep,	 
     generally   well drained,  
     and easily   worked. They     
     hold water  well and are  
     either fairly well  supplied  
     with plant nutrients or highly  
     responsive to inputs of  
     fertilizer.
•	 Soils	in	Class	1	need	 
     ordinary management  
     practices to maintain  
     productivity - 
•	 Slope:	<	3%	
•	 Soil	depth:	>	150	cm.
•	 No	past	erosion	 
       noticeable 
•	 Texture:	medium	(T3	to	 
       T6) 
•	 No	waterlogging	
•	 Good	infiltration
•	 Surface	stoniness:	<	 
       15%

•	 Have	some	limitations	that	 
    reduce the choice of plants or  
    require moderate conservation  
     practices. 
•	 Require	careful	soil	 
     management, including  
     conservation practices, when  
     the soils are cultivated. 
•	 The	minor	limitations	will	 
     include one or more of the  
     following:
•	 Slope:	<	8	%
•	 Soil	depth:	>	100	cm
•	 No	past	erosion	noticeable
•	 Medium	and	fine	textures	(T3	 
     to T6), heavy clay excluded
•	 No	water	logging	problems
•	 Good	infiltration
•	 Stoniness:	<	30	%
•	 IIL,	IID,	IIT,	IIS

•	 More	restrictions	than	those	 
     in Class 2 and when used for  
     cultivated crops the  
     conservation practices are  
     usually more difficult to apply  
     and to maintain. 
•	 Limitations	of	these	soils	 
     restrict the use of this class of  
     lands for cultivation; the  
     timing of planting, tillage, and  
     or some combination of these  
     limitations. 
•	 More	restrictions	and	 
     limitations will include one or  
     more of the following:
•	 Slope:	<	15	%
•	 Soil	depth:	>	100	cm
•	 Nil	to	slight	past	erosion	
•	 Medium	and	fine	textures	 
       (T3 to T7), heavy clay  
       included
•	 Non	to	intermittently	 
       water logging 
•	 Infiltration	non	to	 
       moderate
•	 Stoniness:	<	50	%
•	 IIIL,	IIIE,	IIIW,	IIIi

227

CLASS IV's Requirements CLASS V's Requirements CLASS VI's Requirements 

•	 Have	very	severe	limitations	 
     that restrict the choice of  
     plants, require very careful  
     management, or both. 
•	 The	restrictions	and	 
     limitations are greater than  
     class III and will include one  
     or more of the following:
•	 Slope:	<	30%	
•	 Soil	depth:	>	50	cm.
•	 Nil	to	moderate	past	 
     erosion 
•	 Nil	to	regularly	 
     waterlogged 
•	 Infiltration	good	to	poor
•	 IVL,	IVD,	IVE,	IVW,	IVi

•	 Have	little	or	no	erosion	 
     hazards but have other  
     limitations, impractical to  
     remove, that limit their  
     use largely to pasture, range,  
     woodland, or wildlife food  
     and cover. 
•	 Class	V	soils	have	limitations	 
     that restrict the kind of  
     plants that can be grown and  
     that prevent normal tillage of  
     cultivated crops. 
•	 Class	V	is	allotted	to	land	 
     unsuitable for intensive or  
     perennial crops by reasons  
     other than erosion hazard.
•	 Examples	include	swampy	 
     areas, temporary water  
     courses and intermittent river  
     beds flooded every year  
     during the rainy season. 
•	 Temporary	grazing	could	be	 
     possible during the dry  
     season.
•	 VW,	VF

•	 Have	severe	limitations	that	 
     make them generally unsuited  
     to cultivation and limit their  
     use largely to pasture or  
     range, woodland, or wildlife  
     food and cover. 
•	 The	limitations	will	include	 
     one or more of the following:
•	 If	slope	<	15-30%,	soil	 
      depth  > 25cm
•	 If	slope	30-50%,	soil	 
       depth >50cm 
•	 Stoniness:	>	85	%	 
       (boulders included)
•	 Texture:	all	(except	sand)
•	 Past	erosion:	nil	to	 
       moderate
•	 Waterlogging:	nil	to	 
       regularly
•	 Infiltration:	good	to	poor
•	 VIL,	VID,	VIS	(50-85%)	 
       boulders excluded

CLASS VII's Requirements CLASS VIII's Requirements 

•	 Soils	in	Class	7	have	very	severe	limitations	 
     that make them unsuited to cultivation and 
     that restrict their use largely to grazing,  
     woodland or wildlife
•	 The	limitations	will	include	one	or	more	of	the	 
     following:
•	 Slope:	>50%	
•	 Soil	depth:	>	25cm,	25-50	cm
•	 Nil	to	severe	past	erosion	
•	 Stoniness:	<85%	(boulders	included)
•	 Texture:	all	except	sand
•	 Water	logging:	nil	to	regularly
•	 Infiltration:	good	to	poor
•	 VIIL,	VIID,	VIIE

•	 Soils	and	landforms	in	Class	8	have	limitations	 
     that preclude their use for commercial plant  
     production and restrict their use to recreation,  
     wildlife, water supply or to aesthetic purposes
•	 Badlands,	rock	outcrop,	sandy	beaches,	river	 
     wash, mine tailings and other nearly barren  
     lands are included in Class 8.
•	 The	limitations	will	include	one	or	more	of	the	 
     following: 
•	 Soil	depth:	<25cm
•	 Past	erosion:	very	severe
•	 Stoniness	or	rock	outcrops:	>	85	%	
•	 Texture:	sand
•	 Slope:	all	classes
•	 Waterlogging:	nil	to	regularly
•	 Infiltration:	good	to	poor
•	 VIIID,	VIIIE,	VIIIT,	VIIIS
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1.8  How to Use the Land Classification Table and Determining the SCRC

The land classification table presented below is designed to enable the field staff to identify the 
land classes in a standard and objective way. The procedures for use of the table are:

a) Use the data collected in the field and coded it on the SOILS/LANDFORM DESCRIPTION  
 FORM as described above

b) Start at the top left hand corner of the table (SLOPE) and find the first occurrence of the slope  
 category recorded in the field, moving from left to right.

c) Proceed down in the same column to the next feature, if the data recorded is within the range  
 allowed, to the next feature. If not, move to the right along the line until you find the correct  
 range. You cannot go back to the left!

d) Follow this procedure for all the features and you will reach the SOIL CONSERVATION  
 REQUIEMENT CLASS at the bottom of the table.

Remark:
•	 For	 simplicity	 the	 range	 of	 codes	 allowed	 in	 a	 column	 is	 shown.	 For	 example	 as	 1-7	 
 inclusive (i.e. 1, 2, 3, 4, 5, 6 or 7) is allowed and the user can proceed vertically provided  
 the code is within the stated range.
•	 If	the	column	for	the	slope	is	subdivided	into	two,	you	have	to	continue	in	that	sub-column	 
 when you reach SOIL DEPTH.

Limiting 
Factor

Range Of Codes Permitted In The Column

Slope (L) 1 2 3 4 1- 4 5 6 1- 6 1 - 6
Soil Depth (D) 1 1 -2 1 - 2 1 - 3 1 - 3 1 - 4 1 - 4 1 – 5 1 - 5
Past Erosion 
(E) 

0 0 0 - 1 0 - 2 0 - 2 0 - 3 0 – 4 0 - 4

Water 
Logging (W) 

0 0 0 - 1 0 - 2 0 - 2 0 - 2 0 - 2 0 - 3

Infiltration (I) 0 0 0 - 1 0 - 2 0 - 2 0 - 2 0 - 2 0 - 2
Topsoil 
Texture (T) 

3 - 5 3 - 6 3 - 7 2 - 7 2 - 7 2 - 7 1 - 7 1 - 7

Surface 
stoniness or 
rockinness (S) 

0 0 - 1 0 - 2 0 - 2 0 - 3 0 - 3 0 - 4 0 - 4

Soil 
Conservation 
Requirement 
class (SCRC)

I II III IV VI VII VIII V

Land use
suitability

Land suitable for annual crops Land suitable 
for grazing or 
perennial crops

Land 
suitable 
for 
forestry

Land not 
suitable for 
agriculture

Swampy 
areas, 
river bed
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1.9   Selection of SWC Measures for each LCU

•	 Undertake	 land	classification	exercise	and	determine	 land	class	unit	 (SWC	requirement	 
 class + limiting factors)
•	 Check	present	land	use
•	 Check	LCU	against	present	land	use	assessed	above
•	 Select	one	or	more	SWC	measures,	seemingly	appropriate	within	existing	conditions
•	 Submit/communicate	the	list	of	measures	to	farmers	and	negotiate

Potential SWC interventions that can be selected and recommended according to the land 
capability classification and present land use are given in table below

1.10   Soil and Water Conservation Options along the different SCRCs and  
 Present land uses

LCU Major Limiting 
Factor

Present Land Uses

Cultivated Land Grazing Land Forest land

I Nil Intensive cropping 
+ maintained good 
vegetation cover + 
waterways

Convert to cultivated 
land; grassland 
improvement

Convert to cultivated land; 
Convert into agro-forestry; 
Maintain natural forestry (if 
exists) and enriching tree 
species

IIL Slope 2-8% Contour cropping; 
Strip cropping; Grass 
strips; Alley cropping + 
waterways, cutoff drains

Same as above Same as above

IIS Stoniness 15-
30%

Removal of stones + 
apply options of Class I

Same as above Same as above

IIIL Slope 8-15% Grass strip; Alley 
cropping; Combination 
of grass strip and bunds; 
Fanya Juu + waterways, 
cutoff drains

Convert to cultivated 
land; grass land 
improvement; 
convert to agro-
silvipasture + cutoff 
drain

Same as above + strip 
plantation following the 
contours

IIIE Slight past 
erosion

Cutoff drain + waterways 
+ if slope 2-8% apply 
also the options of class 
IIL

Same as above Same for class I + cutoff 
drain + encouraging 
ground vegetation cover

IIIW Intermittently 
waterlogged

Drainage improvement; 
bed and furrows system 
(applied management 
measures of black clay 
soils); If slope 2-8% apply 
also the options of class 
IIL

Convert to cultivated 
land; Grassland 
improvement; 
Convert to agro-
silvi-pasture

Same as options for class 
II + selection of species 
resistant to water logging

IIL Slope 2-8% Contour cropping; 
Strip cropping; Grass 
strips; Alley cropping + 
waterways, cutoff drains

Same as above Same as above
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LCU Major Limiting 
Factor

Present Land Uses

Cultivated Land Grazing Land Forest land

III Moderate 
infiltration

Soil structure 
improvement; Deep 
plowing; If slope 2-8% 
apply also the options of 
class IIL

Same as above Same as options for class I

IIIs Stoniness 30-
50%

Removal of stones; + If 
slope 2-8% apply also the 
options of class IIL 

Same as above + 
removal of stones

Same as options for class I

IVL Slope 15-30% Combination of grass 
strips and bunds; Alley 
cropping; Soil or stone 
bunds; Fanya Juu; Bench 
terraces

Convert to cultivated 
land; Convert to 
agrosilvipasture + 
cutoff drain and 
waterways

Same as options for class 
I + fuelwood plantation 
+ encouraging ground 
vegetation cover

IVE Moderate past 
erosion

Waterways cutoff drains; 
Selective conserving crops 
+ if slope 2-8% apply 
also the options of class 
IIL; If slope 8-15% apply 
also the options of class 
IIIL

Convert to cultivated 
land; Convert to 
agro-silvi-pasture 
Control grazing + 
waterways and cutoff 
drains

Same as above

IVD Soil depth 50-
100cm

Selective shallow rooting 
crops + if slope 2-8% 
apply also the options of 
classIIL

Same as above Same options as for class 
I + microbasins for site 
plantation

IVW Regularly 
waterlogged

Selective seasonal 
cropping; drainage 
improvement; Bed 
and furrow system + 
waterways; If slope 2-8% 
apply also the options of 
IIL (graded structures)

Convert to cultivated 
land; Grassland 
improvement; 
Convert to 
agrosilvipasture 
+ drainage 
improvement

Convert to cultivated land; 
Convert to agroforestry; 
Selection of species 
resistant to waterlogging

IVi Poor infiltration Deep plowing; Soil 
structure improvement 
+ if slope 2-8% apply 
also the options of class 
IIL (graded structures); If 
slope 8-15% apply also 
the options of class IIIL

Convert to cultivated 
land; Controlled 
grazing; Grassland 
improvement; 
Convert to 
agrosilvipasture 

Change into cultivated 
land; Fuel wood plantation 
+ encouraging ground 
vegetation cover

IVL Slope 30-50% Establish perennial crops; 
Convert to grassland or 
forestland; Bench terraces 
for annual crops + 
waterways

Grassland 
improvement; 
Controlled 
grazing; Convert to 
Silvipasture + cutoff 
drains

Establish silvipasture site; 
Enriching tree species; Fuel 
wood plantation + micro 
basins
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LCU Major Limiting 
Factor

Present Land Uses

Cultivated Land Grazing Land Forest land

III Moderate 
infiltration

Soil structure 
improvement; Deep 
plowing; If slope 2-8% 
apply also the options of 
class IIL

Same as above Same as options for class I

IIIs Stoniness 30-
50%

Removal of stones; + If 
slope 2-8% apply also the 
options of class IIL 

Same as above + 
removal of stones

Same as options for class I

IVL Slope 15-30% Combination of grass 
strips and bunds; Alley 
cropping; Soil or stone 
bunds; Fanya Juu; Bench 
terraces

Convert to cultivated 
land; Convert to 
agrosilvipasture + 
cutoff drain and 
waterways

Same as options for class 
I + fuelwood plantation 
+ encouraging ground 
vegetation cover

IVE Moderate past 
erosion

Waterways cutoff drains; 
Selective conserving crops 
+ if slope 2-8% apply 
also the options of class 
IIL; If slope 8-15% apply 
also the options of class 
IIIL

Convert to cultivated 
land; Convert to 
agro-silvi-pasture 
Control grazing + 
waterways and cutoff 
drains

Same as above

IVD Soil depth 50-
100cm

Selective shallow rooting 
crops + if slope 2-8% 
apply also the options of 
classIIL

Same as above Same options as for class 
I + microbasins for site 
plantation

IVW Regularly 
waterlogged

Selective seasonal 
cropping; drainage 
improvement; Bed 
and furrow system + 
waterways; If slope 2-8% 
apply also the options of 
IIL (graded structures)

Convert to cultivated 
land; Grassland 
improvement; 
Convert to 
agrosilvipasture 
+ drainage 
improvement

Convert to cultivated land; 
Convert to agroforestry; 
Selection of species 
resistant to waterlogging

IVi Poor infiltration Deep plowing; Soil 
structure improvement 
+ if slope 2-8% apply 
also the options of class 
IIL (graded structures); If 
slope 8-15% apply also 
the options of class IIIL

Convert to cultivated 
land; Controlled 
grazing; Grassland 
improvement; 
Convert to 
agrosilvipasture 

Change into cultivated 
land; Fuel wood plantation 
+ encouraging ground 
vegetation cover

IVL Slope 30-50% Establish perennial crops; 
Convert to grassland or 
forestland; Bench terraces 
for annual crops + 
waterways

Grassland 
improvement; 
Controlled 
grazing; Convert to 
Silvipasture + cutoff 
drains

Establish silvipasture site; 
Enriching tree species; Fuel 
wood plantation + micro 
basins
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LCU Major Limiting 
Factor

Present Land Uses

Cultivated Land Grazing Land Forest land

VID Soil depth 25-
50cm

Convert to grassland 
or forest land; Establish 
perennial crops; If slope 
2-30% the perennial crops 
should be on contour 
bunds

Grassland 
improvement; 
Controlled grazing; 
Covert to silvi-
pasture

Fuel wood plantation + 
micro basins

VIs Stoniness 50-
85%

Removal of stones; 
Establish perennial crops; 
Convert to grassland or 
forest land; If slope 8-15% 
stone bunds; If slope 15-
30% stone bench terraces 
for annual crops

Same as above + 
removal of stones

Same as above + stone 
micro basins; stone hillside 
terraces

VIIL Slope >50% Convert to forest land; 
convert to silvipasture; 
Hillside terraces for 
annual crops + cutoff 
drains

Convert to forest 
land; Convert to 
silvipasture: Control 
grazing + cut and 
carry

Fuelwood plantation; Tree 
plantation for catchment 
protection + pitting or 
microbasins

VIID Soil depth 25-
50cm

Convert to forest land; 
Convert to silvipasture; 
Hillside terraces for 
annual crops

Convert to forest 
land; Convert 
to silvipasture; 
Controlled grazing

Fuelwood plantation; Tree 
plantation for catchment 
protection

VIIE Severe past 
erosion

Area closure; Convert to 
forest land + gully control 
and cutoff drain

Area closure; Cut 
and carry + gully 
control and cutoff 
drain

Area closure; Tree 
plantation for catchment 
protection

VIIID Soil depth 
<25cm

Area closure; Convert to 
forest land (catchment 
protection); Cut and carry

Area closure; 
Convert to forest 
land 

Protection of natural forest 
if it exists; Area closure; 

VIIIE Very severe 
past erosion

Area closure; convert to 
forest land (catchment 
protection); Gully control

Area closure; Cut 
and carry; Convert 
to forest land 

Area closure; Encourage 
natural tree regeneration; 
Encourage wildlife

VIIIT Sand texture Not applicable Area closure; Wind 
erosion control

Area closure; Encourage 
wildlife

VIIIs Surface 
stoniness 
>85%

Area closure + tree 
planting

Area closure + cut 
and carry

Catchment protection; 
Encourage wildlife; Area 
closure

V Swamps, river 
beds

Not applicable Temporary grazing; 
Controlled grazing

Encourage wildlife and 
ecosystem conservation
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Annex 10:   Preparation of Environmental and Social  
   Management Framework

In order to ensure that any undesirable impacts are avoided or mitigated in watershed development 
projects, environment has to be mainstreamed. The implementation of environmental and 
social management framework (ESMF) or initial environmental examination (IEE) for watershed 
development helps to sustainably manage our natural resources by integrating proper 
environmental management into watershed development planning and implementation. ESMF/
IEE checklist is used for different activities: small scale projects like water harvesting, small scale 
river diversion, irrigation activities, community road construction, catchment treatment, etc.  As 
a result, the following project screening checklists can be applied in analysing the impacts of 
watershed interventions on the environment and social integrity of the community.

A. Identification of potential impacts for each intervention
Region/province/state: --------------------------------------------------
Zone:----------------------------------------------------------------
District/woreda/local implementation unit (LIU):--------------------------------------------------------
Village/Kebele:----------------------------------------------------------------
Name of watershed:-----------------------------------------------------------------------

Interventions/projects Potential for Adverse Impacts Remark
None Low Med High Unknown

Roads and Footpaths
Soil erosion or flooding concerns 
(eg, due to highly erodible soils or 
steep gradients)
Number of stream crossings or 
disturbances
Wet season excavation
Creation of quarry sites or borrow 
pits 
Significant vegetation removal
Wildlife habitats or populations 
disturbed
Environmentally sensitive areas 
disturbed
Cultural or religious sites disturbed
New settlement pressures created
Other (specify):

Drinking water projects

New access (road) construction
Existing water sources supply/yield 
depletion
Existing water users disrupted
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Existing water sources supply/yield 
depletion
Existing water users disrupted
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Downstream water users disrupted
Increased numbers of water users 
due to improvements
Increased social tensions/conflict 
over water allocation
Sensitive ecosystems downstream 
disrupted
Local incapacity/inexperience to 
manage facilities
Other (specify):

Irrigation projects

Existing water sources supply/yield 
depletion
Existing water users disrupted
Downstream water users disrupted
Water storage requirement and 
viability (soil permeability)
Vulnerability to water logging (poor 
drainage)
Vulnerability to soil and water 
salinization
Sensitive downstream habitats and 
water bodies
Environmentally sensitive areas 
disturbed
Cultural or religious sites disturbed
Increased agric. chemicals 
(pesticides, etc) loading
Increased social tensions over 
water allocation
Local incapacity/inexperience to 
manage facilities
Local incapacity/inexperience with 
irrigated agriculture
Other (specify):

Forestry and catchment treatment projects

Wet season soil disturbance
Potential for debris flows or 
landslides
Removal of native plant/tree 
species
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Introduced plant/tree species 
invasion of native species
Wildlife habitats or populations 
disturbed
Environmentally sensitive areas 
disturbed
Insufficient capacity to manage 
catchment ponds
Insufficient capacity to prohibit or 
control open grazing
Insufficient capacity to manage 
new plantations/pastures
Other (specify):

B. Mitigation measures
If high or significant impacts are identified for any of the above environmental effects, describe mitigation 
measures for each identified high impact. If the impact is unknown further investigation is required.

Significant impacts in each components Description of mitigation measures for each  identified 
high/significant impacts

I. Roads and Footpaths                     
1. 
2. 
3. etc.

II. Drinking Water Projects
1. 
2. 
3. etc.

III. Irrigation and water harvesting Projects                          
1. 
2. 
3. etc.

IV. Catchment, Forestry, Grasslands Projects
1. 
2. 
3. etc.

V. School and Health Facilities                          
1. 
2. 
3. etc.

Where,

•	 Low:			 When	the	impact	of	development	activity	affects	insignificantly	the	ecosystem	and	 
  socioeconomic activity of the people. E.g. If the construction of community road  
  results in soil erosion, which can be easily managed by the farmers, or the damage  
  on farmland is very low.
•	 Medium:	Any	impact	between	the	two	extreme	(high	and	low)	can	be	categorized	under	 
     medium level.
•	 High:			When	 the	 impact	of	 development	activity	 affects	 significantly	 the	 ecosystem	and	 
  socioeconomic activity of the people. E.g. If the construction of community road  
  creates gullies or erodes farmlands, floods to the villages then the impact is high.
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Potential impacts of interventions Mitigation measures

Roads and Foot paths

Soil erosion/flooding concerns Drainage control measures to be included within construction plans
Number of stream crossing/
disturbances

Minimize water crossings in road location and alignment

Wet season excavation Schedule construction for the dry season
Quarry sites/borrow pits created Re-contour and rehabilitate sites/pits and avoid collection of 

standing water
Vegetation removal Minimize temporary or permanent removal of natural vegetation
Wildlife habitats or populations 
disturbed

Identify and avoid effects on habitats and migration routes of key 
species 

Environmentally sensitive areas 
disturbed

Identify and avoid forest, riparian and wetland habitats with 
particular biodiversity

Land Acquisition Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Private assets displaced Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Informal land uses displaced or 
access restricted

Avoid interference with informal land users, and take measures to 
provide access to alternative lands or resources 

Cultural or religious sites disturbed Identify and avoid cultural or religious sites. If disturbance 
unavoidable, agreement on mitigating measures must first be 
reached with stake holders (eg Community, mosque, church). If 
excavation encounters archaeological artifacts, halt construction 
and notify relevant authorities. 

New settlement pressures created Ensure road development is coordinated with local land use plans 
and discuss with the kebele/village leaders 

Other (specify):

Irrigation Projects

Existing water sources supply/yield 
depletion

Assess water supply and existing demands, and manage sustainability 

Existing water users disrupted Identify and avoid negative impacts on existing water users in the 
system design

Downstream water users disrupted Identify and avoid effects of diversion or extraction on downstream 
users in the system design

Water storage requirement and 
viability (soil permeability)

Test the soil percolation and ensure and impermeable layer in the 
structure design

Vulnerability to water logging 
(poor drainage)

Assess soil characteristics and either avoid or provide drainage for 
areas prone to waterlogging

C. Potential mitigation measures

The following mitigation measures may be required to help avoid or reduce the potential adverse 
impacts. These measures may sometimes be necessary in addition to the measures included in the 
main body of this manual as toolkits.  Watershed communities and planning teams can prepare 
area specific lists of mitigating measures. The potential measures that could happen as a result of 
various interventions and the mitigation measures to be considered are described in the following 
table.
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Vulnerability to soil and water 
salinization

Irrigation expert to assess the potential for high salinity and ensure 
appropriate irrigation practices to minimize impacts

Sensitive downstream habitats and 
water bodies

Identify and avoid effects of diversion or extraction on downstream 
ecosystems that depend on the surface or groundwater supply

Environmentally sensitive areas 
disturbed

Identify and avoid forest, riparian and wetland habitats with 
particular biodiversity. 

Cultural or religious sites disturbed Identify and avoid cultural or religious sites. If disturbance 
unavoidable, agreement on mitigating measures must first be 
reached with stake holders (eg community, mosque, church). If 
excavation encounters archaeological artifacts, halt construction 
and notify relevant authorities.

Increased agricultural chemicals 
(pesticides, etc) loading

Develop an integrated pest management strategy and provide 
training to farmers

Land Acquisition Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Private assets displaced Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Informal land uses displaced or 
access restricted

Avoid interference with informal land users, and take measures to 
provide access to alternative lands or resources 

Increased social tensions/conflict 
over water allocation

Establish a water users committee through the kebele and equitable 
rules for water allocation

Local incapacity/inexperience to 
manage facilities

Establish an operations and maintenance manual, authority and 
provide training to persons responsible for operating the system

Local incapacity/inexperience with 
irrigated agriculture

Provide training to farmers on sustainable irrigated agriculture 

Other (specify):

Catchment, Forestry, Grasslands Projects

New access (road) construction Ensure drainage controls on new roads and rehabilitate temporary 
access following subproject implementation

Wet season soil disturbance Schedule activities for the dry season
Potential for debris flows or 
landslides

Prepare a watershed plan that identifies and address drainage/
slope instability

Sensitive downstream ecosystems Identify and avoid effects of diversion or dams on downstream 
ecosystems

Removal of native plant/tree 
species

Protect and encourage regeneration of endemic species

Introduced plant/tree species 
invasion of native species

Ensure non-native species are compatible with native species

Wildlife habitats or populations 
disturbed

Identify and avoid effects on habitats and migration routes of key 
species

Environmentally sensitive areas 
disturbed

Identify and avoid activity in forest, riparian and wetland habitats 
with particular biodiversity

Land Acquisition Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Private assets displaced Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Informal land uses displaced or 
access restricted

Avoid interference with informal land users, and take measures to 
provide access to alternative lands or resources 
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Insufficient capacity to manage 
catchment ponds

Establish a water users committee, where appropriate, and/or 
kebele/village  bylaws and provide training to water users

Insufficient capacity to prohibit or 
control open grazing

Establish a watershed committee, where appropriate, and/or 
kebele/village bylaws and provide alternative sources of fodder

Insufficient capacity to manage 
new plantations/pastures

Establish a local committee with appropriate, and/or kebele/village 
bylaws and provide appropriate controls

Other (specify):

Drinking water projects

New access (road) construction Ensure drainage controls on new roads and rehabilitate temporary 
access following subproject implementation

Existing water sources supply/yield 
depletion

Assess water supply and existing demands, and manage sustainability 

Existing water users disrupted Identify and avoid negative impacts on existing water users in the 
system design

Downstream water users disrupted Identify and avoid effects of diversion or extraction on downstream 
users in the system design

Increased numbers of water users 
due to improvements

Assess water supply and existing demands, and manage sustainability 

Increased social tensions/conflict 
over water allocation

Establish a water users committee through the kebele/village leaders 
and prepare equitable rules for water allocation

Sensitive ecosystems downstream 
disrupted

Identify and avoid effects of diversion or dams on downstream 
ecosystems

Land Acquisition Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Private assets displaced Avoid occupied land.  Prepare procedures to ensure equitable 
resolution.

Informal land uses displaced or 
access restricted

Avoid interference with informal land users, and take measures to 
provide access to alternative lands or resources 

Local incapacity/inexperience to 
manage facilities

Establish a local committee, where appropriate, and/or kebele/
village bylaws and provide appropriate controls

Other (specify):

The mitigation measures mentioned here are indicated as examples; the planning team in 
consultation with the community can consider other alternative solutions. 
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Annex 11:  Land and Watershed Degradation in the Eastern Nile

A watershed is a hydro-geographical area of interacting natural resources – including soil, 
vegetation, and water – and animals and human beings (socio-economic systems) - interconnected 
by a single common river system. Good watershed management is maintaining the balance of the 
interaction among these natural resources. Watershed degradation happens when one component 
is relentlessly exploited (e.g. soil overexploitation or severe deforestation), thus destroying the 
link among the components (e.g. the link between maintaining forest and vegetation cover and 
ground water recharge and increased river flow). 

According to ENTRO, 2008, generally in the Eastern Nile basin and its sub basins the following 
forms of degradation are evident: Sheet and rill erosion; Gully erosion; Stream bank erosion; 
Sedimentation of reservoir dams, Lakes, and irrigation canals; Wind erosion and sand dune; 
Degradation of wetlands and loss of biodiversity, and all contributing to degradation of watersheds. 
Degradation is also manifested in the form of physical, chemical and biological degradation or 
deterioration of the soil and water resources. Sediment is also a threat to power houses i.e. 
increasing the wear and tear of turbine blades, water pumps, water purification plants, etc, thus 
increasing operational and maintenance costs. It is because of sedimentation that power intakes 
are equipped with dredging boats, which imposes high dredging cost.

For the proper characterization of the degradation features prevailing in the Eastern Nile Basin it 
is better to understand this into the following four major sub basins:
1. The Abbay-Blue Nile Sub-basin;
2. The Tekeze-Setit-Atbara Sub-basin;
3. The Baro-Akobo-Sobat-White Nile Sub-basin; and
4. The Main Nile Sub-basin

1. Abbay-Blue Nile Sub Basin

Watershed degradation in the Sub-basin include: poverty-driven land degradation (mostly in the 
upper slopes of the Ethiopian highlands) resulting in fertility and soil loss; sedimentation of rivers 
(157-207 million tons/year); siltation of dams; underperformance of hydropower generation; 
siltation of irrigation channels and huge dredging costs thereof. The Eastern Nile Watershed 
Management Project had identified the most critical watershed hot spots. Mount Choke, Mount 
Guna, Molle, Upper Jamma, Upper Didessa Valley, Dinder valley, Beles Valley, in the Blue Nile/
Abbay are the most critical clusters of watershed hotspots in the Ethiopian Highlands. Unless treated 
urgently, these hotspots and others are adversely affecting the technical and economic performance 
of existing and any future water resources development infrastructures. The rehabilitation of the 
watersheds will consist of an integrated livelihood-watershed restoration approach. 

Erosion and sedimentation: The main area of sheet erosion is within the Ethiopian Highlands. 
Gulley erosion is common in Ethiopia, South Sudan and the Sudan. The main locations for 
sedimentation are the Roseires and Sennar dams, and the irrigation canals within the Geizera-
Managil and Rahad Irrigation Schemes. High suspended sediment loads affect pumps for irrigation 
and increase costs of water purification for domestic and industrial water supplies. Sedimentation 
is negatively affecting the wetlands of the Rahad and Dindir river systems, in turn affecting human 
and livestock water supplies and biodiversity.

Scale and extent of sheet erosion: The total soil eroded within the landscape in the Abbay-Blue 
Nile Sub-Basin is estimated to be 302.8 million tons per annum and that from cultivated land is 
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estimated to be 101.8 million tons per annum. Thus about 66% of soil being eroded is from non-
cultivated land, i.e. mainly from communal grazing and settlement areas. The area of cropland 
subject to “unsustainable” (i.e. loss exceeds soil formation or 12.5 tons/ha/yr) are 968,900 ha, 
104,000 ha and 956,900 ha in the Amhara, Benishangul Gumuz and Oromiya areas of the 
Basin respectively. Thus some 2.03 million ha of cultivated land have unsustainable soil loss rates.
Of the total 302.8 million tons of soil eroded a proportion is re-deposited within the landscape, 
the remainder reaching streams and rivers. At the Basin level the estimated Sediment Delivery 
Ratio (SDR) indicates that approximately 55% of sediment remains in the landscape and does not 
reach the stream system, a higher proportion than the Tekeze Basin. This estimate is much lower 
than the 90% estimated by the Ehtiopian Highlands Reclamation Study (EHRS) but closer to the 
estimate by Hurni (1985) of 70%.

Gully erosion: Gully erosion is the worst form of erosion that apart from snatching fertile lands 
is the main source of sediment load arriving at reservoirs. The spread of gully is seen as a major 
threat to farmers in the Ethiopian Highlands affecting many communal grazing spots, foot paths, 
cattle trafficking lines, roads, etc. It also obstructs field operations and movement. The subsoil and 
gravel mined by erosion is a danger on lower lying fertile agricultural fields by burying them under. 
A lot of farmers’ fields are presently affected and complaining that their lands have been taken away 
by debris which they cannot remove. Many low-lying areas and public infrastructure facilities have 
been overburdened / overlaid by subsoil which is not fertile. The subsoil is composed of course 
sand, gravel, cobbles and boulders. Although there are many on-going efforts by the various 
supporting projects and the regular governments’ land management program to rehabilitate 
gullies, the scale at which it is expanding has not been adequately coped up with the existing level 
of treatment. 

Attached to the sheet and rill erosion, gully erosion is also a well known threat in the Ethiopian 
Highlands, South Sudan and the Sudan too. In the Tana Beles Integrated Water Resources 
Development Project (TBIWRDP) area only, which is covering 85,026ha about 2% or 1370ha 
is affected by gully erosion. This has been verified by the Baseline Study carried out in 2010. By 
implication, it means that Amhara National Regional State with a total area of 157,077 km2 (15% 
of the country) well over 300,000ha of its land is affected by gully erosion. This is disregarding 
other stages of erosion such as sheet, rill and stream bank erosion. The severity of gully affected 
area has also been well noted at national and regional levels.

River bank erosion: River bank erosion occurs both naturally and through human impact. The 
natural process of riverbank erosion can produce floodplains and alluvial terraces. Bank erosion, 
(caused by natural river meandering) in terms of sediment (clay and silt) delivery to the river is 
considerable problem, particularly along the Abbay/Blue Nile. Human influences (e.g. removal of 
vegetation along the banks, dumping of material into the river, excavation of clay from the river 
bed, replacing deep rooting fruit trees with shallow root banana plantation along the banks) also 
is altering the very delicate balance of hydraulic forces and setting in chain of accelerated bank 
erosion. Excavation of clay and silts for brick making and sand mining is also another aggravating 
factor for frequent bank collapse. 

Dams and reservoir siltation: The two main dams in the Blue Nile Basin are Roseires completed 
in 1966 with a storage capacity of 2.4 km3 and the Sennar completed in 1925 with capacity of 
0.7 km3. The hydro-electric facilities at each of the dams have installed capacities of 250 MW 
and 15 MW at Roseires and Sennar respectively. Both dams are affected by siltation. The Sudan 
Ministry of Irrigation and Water Resources report that sedimentation in the Roseires Dam rose 
from 300 million m3 in 1970 to 1,264 million m3 in 2000 resulting in a loss of 38.3% of its 
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designed capacity. It is evident that the dam was extended in its height because of silt (resembling 
an aboveground stroage strucutre). Sedimentation is now reducing the live storage as well as the 
loss of storage impacting on crop area that can be irrigated as manifested in Rosiers, Sennar, Kash 
El Girba, and Jabel Aulia dams in Sudan. In Ethiopia also dams such as Fincha, Tekeze, Chara 
Chara and the New Ethiopian Rennaisance Dams are under severe sedimentation threats if the 
necessary precautions are not taken in time. 

There is also a reduction of hydro power generation. In addition, there is damage to turbine 
blades caused by the heavy suspended sediment, thus imposing high maintenance cost. Because 
the dam gates have to be kept open and turbines closed down during the high flood peak to avoid 
excessive siltation there are corresponding losses of irrigation water and hydro power. It is to be 
noted that siltation is not only a threat to artificially constructed dams and reservoirs but is also to 
natural lakes such as the Lake Tana. Sediment or silt arriving from untreated landscapes in Gilgel 
Abay, Gumara and Rib watersheds is endangering the existence of the lake. This is manifested by 
the speedy decline of the depth of the lake (bathymetirc survey results by Bahir Dar University and 
others). Monasteries which were once islands on the lake, like Tana Kirkos, are now connected to 
the land and are peninsula. Further encroachment of wetlands around this Lake Tana (covering 
3165Km2) and other wet or marshy bodies (covering about 4000Km2 of area in Ethiopia alone) 
is also a potential threat in the Sub-Basin. The lake apart from being the largest freshwater lake; 
home for endemic and migratory birds, is also a historic site by being home to several churches 
and monasteries dating back to the 13th century. Similarly, in Sudan wetland degradation includes 
the Rahad-Dinder wetland systems where reduction of flood buffering and sediment trapping 
capacity is of concern. A lot of wet spots such as ''Myayas'' within the Dinder Naitonal Park in 
Sudan are also under threat.

In the Sub-Basin, in 1991 some 9.78 million m3 of silt entered the irrigation canal system of 
which 62% is deposited in the canals with the remainder being deposited in the fields. Desilting 
of the 17,244 kms of irrigation and 10,650 kms of drainage canals in the Gezira scheme alone 
is an enormous and expensive operation estimated in 1997-98 to cost SDI 366.8 million. High 
sediment loads also cause in the damage to irrigation pumps and the increased costs of water 
purification for domestic and industrial water supplies, and its cost in not accounted here.

Flooding: The Foggera plains at the shores of Lake Tana are yearly flooded mainly when Rib 
and Gumara rivers have high flows. In Sudan: Annual floods result in property damage affecting 
residential and industrial areas, schools, health centres, roads and others in Khartoum state, 
Umdurman city; Al Amirya locality; Jebel Awlia; and Sennar State.

Impacts on agricultural production: In the absence of remedial measures, crop losses from soil 
erosion accumulate until such time the soil profile is reduced to a depth where no production 
is possible. The current annual crop grain production for Abbay-Blue Nile Sub-Basin is 4.35 
million tons. The annual loss due to soil erosion as a proportion of total production is 0.6% in 
the Sub-Basin. However, after 10 years this rises to 6% and after 25 years to 15% of annual crop 
production (ENTRO Website).

Between 157.2 and 207.2 Million Tons of sediment are transported annually from the Ethiopian 
highlands along the Blue Nile, Tekeze and Sobat main sub-basins of the Nile. These sediments 
entail huge costs to Sudan, South Sudan and Egypt. Hydropower under performance and high 
infrastructure maintenance costs, dredging costs of clogged irrigation channels, etc.
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It is evident that in the Ethiopian Highlands, in South Sudan and in Sudan as well, because of 
the degradation of watersheds infrastructures such as spillways, culverts and bridges are getting 
larger and larger to accommodate the arriving peak flood from the degraded catchments, thus 
demanding higher investment cost.

2. The Tekeze-Setit-Atbara Sub-basin

Soil erosion: Erosion and/or land degradation is generally recognized as the main environmental 
problem in the Tekeze Sub-Basin in particular in the highlands. Land degradation is virtually 
caused and/or accelerated due to two important factors; human and natural factors and it is 
related not only to the geographic distribution of natural resources but also to the historical pattern 
of land use.

Of the natural conditions/factors, two general features have caused high erosion hazards since 
ages are (1) the erosive character of the rainfall pattern, and (2) the predominantly steep relief in 
most of the sub-basin area. The high erosion is related to the high intensity of rain storms, causing 
damage particularly at the onset of rainy season when soils are least protected against the impact 
of rain. Erosion hazard turns in to actual erosion if the protective vegetation cover is depleted. 
Water erosion in the form of sheet, rill and gully erosion is the most intensive and widespread form 
of land degradation and also recognized as the main environmental issues in the sub-basin. Rill 
and gully erosions are more spectacular because more evident features are formed during much 
shorter periods, generally during one season, and even as a result of one exceptional rain storm 
or a few storms at short intervals.

Stream bank erosion is one of the striking features of the land degradation in the sub-basin. By far 
the greatest majority of natural drainage routes in the areas are actively eroding. Highly variable 
rainfall (high hydrologic degradation) that produces seasonal high peak river flows exceeding 
the channel capacity of the drainage routes; destroy the protective role of vegetation. Intensive 
deforestation actions within the watershed, that causes the depletion of riverine forest or bushes 
also eliminates the protective capacity of vegetations, is the other factor enhancing stream bank 
erosion in the watershed. Unstable river bank systems again result in meandering nature because 
of frequent sediment deposition and overtopping of banks that results in flooding. 

Land degradation: Soil degradation in terms of fertility loss and erosion has come into the picture in 
the process and decrease in productivity could be compensated for by expansion of the cultivated 
land area and by increasing management inputs such as weeding and more frequent cultivation/
plowing. Consequently, initially low but gradually increasing land degradation rates, i.e. in the 
form of erosion, probably remained unnoticed. Factors underlying land degradation: In the Tekeze 
Basin, food production, livestock feed and fuel requirements put competing demands on scarce 
and vegetation resources. The Tekeze Basin has been a process of gradual degradation of land 
and vegetation under population pressure and inadequate management of natural resources.
 
3. The Baro-Akobo-Sobat-White Nile Sub-basin

Deforestation and soil erosion in the form of sheet, rill, gully and stream bank erosion also prevails 
in the upper catchments of the Sub-Basin, i.e. in the Ethiopia Highlands, areas where Baro River 
originates. There is not sufficient information on the rate of erosion and its impact in this Sub-
Basin compared to the Abbay-Blue Nile Sub-Basin. In this Sub-Basin, however, the degradation 
is adhered to wetlands. The primary wetlands under progressive threat in this Sub-Basin are the 
Sudd Wetlands and the Machar Marshes located in South Sudan. Wetlands, covered by water for 
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at least part of the year, and including ecosystems such as swamps, marshes, and ponds, by being 
sources of biodiversity, share the characteristics of both landmasses and water bodies.

The Sudd wetlands in South Sudan, average over 30,000 km2, but extending up to 130,000 
km2 in the wet season- the largest in Africa, provides important habitat for numerous species of 
resident and migratory birds, fish, and other wildlife (including over 400 bird species about 100 
species of mammals; over 62 species of fish; over 1 million livestock), in addition to providing 
seasonal migration refuge for millions of large herbivores. Given these facts wetland degradation 
is a serious environmental problem in the Sub-Basin. The Machar Marshes (swamps and seasonal 
flood plains) located in North of Sobat River in Sudan, with an area of 6,500 to 9,000 Km2 are 
locations for dry season grazing, hunting and fishing. 

Degradation of watersheds is also directly linked to the incidence of flooding and droughts. When a 
watershed is degraded the delaying mechanism of runoff by the catchment is halted, shortens time 
of concentration of water flow within the drainage network, speeds up the running water and its 
concentration thus overtopping river banks and incidence of flooding. The high runoff generating 
catchments after the rainy seasons do not have enough soil moisture for plants thus weakens their 
resilience to dryness and droughts. In Ethiopia also adhered to catchment degradation, over 35% 
of the Gambella plain (Gambela, Itang, Abobo, Gog, Jor, Jikao, Akobo) is subject to annual 
flooding.

4. The Main Nile Sub-basin

Sedimentation: Average annual rate (1958-1979) of sediment inflow of 130 million tons has 
been estimated to enter into Lake Nasser in the main Nile system. An outflow of 6 million tons 
and hence a net sedimentation rate within the reservoir is about 124 million tons. The suspended 
sediment load entering Lake Nasser/Nubia is almost entirely from the Ethiopian Highlands. Some 
97% is derived from the Blue Nile (72%) and the remainder from the Atbara (25%). Sedimentation 
is also evident in the High Aswan Dam, Old Aswan 1; New Aswan 2; Esna; and New Naga 
Hamady dams in Egypt and Meroewe dam in Northern Sudan are under sedimentation threats. 
Wetland degradation: Lower Egypt (20,000 km2) in Nile delta is of global importance for bird 
habitats and biodiversity, hydrology of the Nile and Lake Burulus 71,000 Km2 protected area is 
considered as wetland and a lake for international importance for its resident and migratory birds. 
Wind erosion and sand dunes: Wind erosion (wind speed /velocity and its shearing action) is 
a serious threat to causing soil erosion and formation of sand dunes, and contributes to the 
degradation of a sustainable agriculture throughout the world in general and in the Eastern Nile 
Regions in particular. Wind erosion physically removes the lighter, less dense soil constituents such 
as organic matter, clays, and silts. Thus, it removes the most fertile part of the soil and lowers soil 
productivity. In addition, dust storms affect air quality and airborne dust has significant economic, 
health, ecological, and hydrological impacts. Apart from damaging agricultural /cropping fields, 
sand dunes create a lot of obstruction to infrastructures as well.

The most hazardous dunes are located to the northeast of the Nile between Dongola and Karima. 
There are 14 smaller dune fields: four are on the river and ten are close by. Three larger fields 
are located 20 to 60 kilometers from the river. The source areas are the very extensive areas of 
loose and shifting sand that overlies the rock pavement. Those on the bank present a hazard for 
tipping sand into the river (though how much is still not known), whilst the other 10 are a hazard 
to settlements and irrigated fields. The smaller dune fields total some 14,300 ha, are generally 
elongated and aligned in the main wind direction some 2 to 4 kilometers wide, 5 to 15 kilometers 
long, presenting a narrow advancing front, which reduces the length of tree breaks required to 
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at least part of the year, and including ecosystems such as swamps, marshes, and ponds, by being 
sources of biodiversity, share the characteristics of both landmasses and water bodies.

The Sudd wetlands in South Sudan, average over 30,000 km2, but extending up to 130,000 
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is a serious environmental problem in the Sub-Basin. The Machar Marshes (swamps and seasonal 
flood plains) located in North of Sobat River in Sudan, with an area of 6,500 to 9,000 Km2 are 
locations for dry season grazing, hunting and fishing. 

Degradation of watersheds is also directly linked to the incidence of flooding and droughts. When a 
watershed is degraded the delaying mechanism of runoff by the catchment is halted, shortens time 
of concentration of water flow within the drainage network, speeds up the running water and its 
concentration thus overtopping river banks and incidence of flooding. The high runoff generating 
catchments after the rainy seasons do not have enough soil moisture for plants thus weakens their 
resilience to dryness and droughts. In Ethiopia also adhered to catchment degradation, over 35% 
of the Gambella plain (Gambela, Itang, Abobo, Gog, Jor, Jikao, Akobo) is subject to annual 
flooding.

4. The Main Nile Sub-basin

Sedimentation: Average annual rate (1958-1979) of sediment inflow of 130 million tons has 
been estimated to enter into Lake Nasser in the main Nile system. An outflow of 6 million tons 
and hence a net sedimentation rate within the reservoir is about 124 million tons. The suspended 
sediment load entering Lake Nasser/Nubia is almost entirely from the Ethiopian Highlands. Some 
97% is derived from the Blue Nile (72%) and the remainder from the Atbara (25%). Sedimentation 
is also evident in the High Aswan Dam, Old Aswan 1; New Aswan 2; Esna; and New Naga 
Hamady dams in Egypt and Meroewe dam in Northern Sudan are under sedimentation threats. 
Wetland degradation: Lower Egypt (20,000 km2) in Nile delta is of global importance for bird 
habitats and biodiversity, hydrology of the Nile and Lake Burulus 71,000 Km2 protected area is 
considered as wetland and a lake for international importance for its resident and migratory birds. 
Wind erosion and sand dunes: Wind erosion (wind speed /velocity and its shearing action) is 
a serious threat to causing soil erosion and formation of sand dunes, and contributes to the 
degradation of a sustainable agriculture throughout the world in general and in the Eastern Nile 
Regions in particular. Wind erosion physically removes the lighter, less dense soil constituents such 
as organic matter, clays, and silts. Thus, it removes the most fertile part of the soil and lowers soil 
productivity. In addition, dust storms affect air quality and airborne dust has significant economic, 
health, ecological, and hydrological impacts. Apart from damaging agricultural /cropping fields, 
sand dunes create a lot of obstruction to infrastructures as well.

The most hazardous dunes are located to the northeast of the Nile between Dongola and Karima. 
There are 14 smaller dune fields: four are on the river and ten are close by. Three larger fields 
are located 20 to 60 kilometers from the river. The source areas are the very extensive areas of 
loose and shifting sand that overlies the rock pavement. Those on the bank present a hazard for 
tipping sand into the river (though how much is still not known), whilst the other 10 are a hazard 
to settlements and irrigated fields. The smaller dune fields total some 14,300 ha, are generally 
elongated and aligned in the main wind direction some 2 to 4 kilometers wide, 5 to 15 kilometers 
long, presenting a narrow advancing front, which reduces the length of tree breaks required to 
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halt the dunes. Sand dunes immediately threaten approximately 6,200 feddans (2,570 ha) of 
currently irrigated land (and some 13,860 ha of potentially irrigable land). In the absence of any 
measurements it is difficult to estimate the amount of sand tipping into the River. Two of the 14 
dune fields about the river, each with a front of about 2.6 kilometers. Apart from limited sand dune 
fixation / stabilization efforts in Western Atbara, using some live plants which are under trial, more 
effort is needed to halt the problem1.

All these forms of degradations mentioned above (i.e. sheet and rill erosion, gully erosion, stream/
river bank erosion, sedimentation, and deterioration of wetlands) need proper interventions. 
These rooted problems of land and watershed degradation will be tackled if proper, holistic, and 
comprehensive land management interventions in watershed logic are applied. It is then also 
possible to sustainably improve the poor livelihood situations prevailing in the Sub Basins and the 
EN countries. All necessary interventions in a ridge-to-valley or watershed logic approach all the 
way staring from micro to macro level have to be applied on quality basis.

No
Sub Basin and 
Area

Major type of Degradation Affected areas

1
The Abbay-
Blue Nile- 
311,465km2

Sheet, rill, gully, river 
bank erosion; dams and 
reservoir siltation;

The Ethiopian Highland and erosion hot spots such as 
Mount Choke, Mount Guna, Molle, Upper Jamma, 
Upper Didessa Valley, Dinder valley, Beles Valley; Amhara, 
Benishangul, and Oromiya Regions; gully erosion in both 
Ethiopia and Sudan (Kerib lands and Khor)

Sedimentation/reservoir 
siltation

In Sudan: Roseires, Sennar, Jabel Aulia dams, and the 
irrigation canals within the Geizera-Managil and Rahad 
Irrigation Schemes. In Ethiopia also dams such as Fincha, 
Tekeze, Chara Chara and the GRDE; Lake Tana;

Wetland/biodiversity 
degradation 

Rahad and Dindir river systems; including Dinder and 
Alatish National Parks, etc. 

Flooding Foggera plains; Khartoum state, Umdurman city; Al Amirya 
locality; Jebel Awlia; and Sennar State.

2
The Tekeze-
Setit-Atbara - 
227,128Km2

Soil erosion and land 
degradation; 

The Ethiopian Highlands and Kerib lands of Tekezze-Setit-
Atbara River; Kerib lands in upper and lower of Keshim El 
Girba dam

Sedimentation Tekezze and Keshim El Girba Dam;

Wind erosion; River Nile State; Khartoum State;

3

The Baro-
Akobo-Sobat-
White Nile 
Sub-basin 
468,215km2

Wetland degradation Sudd and Machar wetlands

Flooding Gambella plain (Gambela, Itang, Abobo, Gog, Jor, Jikao, 
Akobo)

4
The Main Nile 
Sub-basin - 
659,398Km2

Sedimentation Lake Nasser/Nubia; High Aswan Dam, Old Aswan 1; New 
Aswan 2; Esna; and New Naga Hamady dams in Egypt 
and Meroewe dam in Northern Sudan

Wetland degradation Lake Burulus

Wind erosion and sand 
dunes

All the areas of the Sub Basin

Total area of  the four basins together is about 1.7 million km2

1 Further land and watershed degradation characterization based on the three countries (Egypt, Ethiopia, and Sudan) and  
   each major types of degradation is given in the reference list of ''Watershed Management in the Eastern Nile; Constraints and  
  Opportunities, 2008''.
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Annex 12:  Formats to be used for analyzing and identifying 
  watershed stakeholders

Table	1:	Four	‘R’	matrix	table	for	stakeholder	analysis

Table 2: Influence and importance matrix table for stakeholder analysis

Stakeholders Rights Responsibilities Relationship Revenue (Benefit )

Stakeholders Influence
( rate,  1 – 5)

Importance
( rate, 1- 5)

Weight (sum of influence 
and importance)

Key stakeholder 
(based on scours)
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