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Introduction

Efficient use of water and building landscape resilience
to system shocks, particularly to climate change, has
become one of the priority areas for action. Climate change
primarily disrupts the water cycle through evaporative losses
(increased temperature), increased precipitation (flooding)
and reduced precipitation (drought). Disruption in the
water cycle in turn affects resilience of landscapes to stress
both in terms of structure (e.g. land use change), ecosystem
functions (productivity, biodiversity, supply of clean
drinking water) and dynamics (change in time and space).
This training manual presents 7 sets of modules and 15
associated sessions which could be delivered in three to five
days. The content and scope of each of the modules varies
depending on the practical usefulness to the trainees. The
manual covers: 1) Definitions of terms and concept around
resilient landscapes; 2) Approaches to resilient landscape
and water management; 3) Sustainable landscape trans-
formation - pathways development; 4) Water Efficient
and Resilient Landscape Management Technologies; 5)
Lifting, conveyance and on-farm water application; 6)
Productive use of water; 7) Socio-economic considera-
tions - with a focus on Irrigation Water User Associations
(IWUAs). Many of the examples presented are from publicly
available resources and the works of CGIAR centers (Inter-
Water
Livestock Research Institute, International Crop Research

national Management Institute, International
Institute for Arid and Semi-Arid Tropics and Interna-
tional Center for Agricultural Research in the Dry Areas.
The manual covers both individual and group exercises
and discussion points for analyzing problems and
suggesting solutions. The different modules are presented
as independent chapters, but links between different
topics are discussed. The learning method will involve

lectures, small group discussions, examples, and field work.

i. Objectives of the course material

The primary objectives of the manual are to elaborate
the modules and associated sessions on technologies
and approaches for water productive and resilient
landscapes through examples supported by scientific
findings. Secondly, it provides a reference material
to the trainees which can be used as a practical guide
during their day-to-day activities. The manual is a living
document that can be used as a basis for exchange of
opinions among trainees and non-trainees and thus
indirectly contribute to wider technology and skill transfer.

. Why this course material

Achieving water productive and resilient landscapes
requires a combination of measures, ranging from building
capacities of practitioners, through planning to implemen-
tation and adaptive management. This manual focuses on
building the capacities of practitioners for achieving water
efficient and resilient landscapes. First, it will ensure that
the trainees better understand the technical details of target
technologies, and how and why they work. Second, it will
enable the trainees to understand and match the technol-
ogies with the context and targeted landscape. Third, it will
ensure the practicality of applying the innovation by using
data from action research. Finally, matching the scope of the
science to the needs of the audience and making the learning
and teaching process more practical are important aspects.

jii. The process

This training manual was prepared using multiple steps. The
initial idea came from observation and understanding of the
lingering land and water degradation problems in Ethiopia.
This makes the landscape and people increasingly vulnerable
to climate change related system shocks. Observations were
made attarget sites (particularly the central rift valley system)
and discussions were held with key stakeholders and a needs
assessment was conducted. Following this, a course guide
capturing the skills and capacity gap of the stakeholders
was prepared. This course material is a combination of these
process with: (a) examples of action research by the CGIAR
centers and their partners, (b) national and global experi-
ences on productive use of water and building landscape
resilience, and (c) end-users or target audience consultation.

iv. Target Audience

The training is designed for the operational level

and targets agricultural, soil and water conser-

vation and irrigation extension workers

and development agents with a good understanding
of landscape and

experts,

agricultural water management.
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v. The structure

The manual is organized into 7 chapters or modules and
several sub-chapters. Given the complexity of several
concepts around landscapes, resilience, agricultural
systems, integrated systems and efficient water use, the
manual starts with definitions and illustrations of these
concepts using practical examples (Module 1). This is
followed by Module 2 which exemplifies approaches to
resilient landscape and water management. Here examples
of conceptual and practical approaches, such as the agricul-
tural system approach, the landscape approach, the rainfed
and irrigation continuum and the value chain approach, are
discussed. The third chapter (Module 3) is about sustainable
landscape transformation and pathways development.
This focuses on the dynamic (space and time) nature of
landscapes and how we maintain and enhance sustainability
in understanding, planning and implementing practices.
The fourth chapter (Module 4) is about interventions and
technologies for water-efficient and resilient landscape
management. The examples of technologies here include
in-situ and ex-situ water harvesting and thus have a direct
connection with water lifting, conveyance and on-farm
water application practices presented under chapter 5
(Module 5). For water efficient and resilient landscapes, the
critical point is how scarce water resources could be used.
In this regard, module 6 of the manual demonstrates the
concepts and practices of productive use of water using

examples of livestock and crop interactions which are the

major consumers of freshwater resources globally. Instead
of individual sectors (crop, livestock), the training will focus
on complementarity between the two major sectors for
efficient agricultural systems level water use. For all technol-
ogies to be sustainable, understanding water and landscape
governance is critical (Module 7). Since this topic is too
broad and complex to cover comprehensively, we focus on
Irrigation Water User Associationsin context of Ethiopia. The
structure and flow of the modules is summarized in Figure 1.

vi. The training tools

The training is primely based on this manual and lectures
and additional practical examples which could not be
included here because of size limitation. Secondly, group
work and discussions will be facilitated and guided based
on critical thinking and discussion points presented in
the manual. Thirdly, following group discussions/group
work, short group presentations will be an important tool
to cross-fertilize opinions and understanding between
the trainees. The trainees will go out of their class during
the first day to have a general overview of the surrounding
landscape. More specific technical tools such as crop
water requirement estimation tools; runoff estimation
tools and; water productivity estimation tools will be
demonstrated and used for various exercises. Station-
eries such as flipchart and markers will be provided.

Examples of

water <
harvesting
l v

Approaches 3
Understanding fo water Landscapes Technology Productive §
Landscapes productive & Transformation options -- useofwater -- g
resilient pathways in landscape 3
landscapes G
Examples of T

Water lifting

Figure 1: Schematic flow and logical links of the training modules.
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Module 1: Definitions of
terms and concept around
resilient landscapes

1.1. Resilience

Resilience has been described and defined as (Walker et al.,
2004; United Nations International Strategy for Disaster
Reduction, 2005; Intergovernmental Panel on Climate
Change, 2007):

1) The capacity of a system to absorb disturbance
and reorganize while undergoing change’.

2) The capacity of a system, community or society
potentially exposed to hazards to adapt by
resisting or changing to reach and maintain an
acceptable level of functioning and structure’.

3) ‘The ability of a social ecological system to
absorb disturbances while retaining the same
basic structure and ways of functioning, the
capacity for self-organization, and the capacity
to adapt to stress and change’ (Figure 2).

/ Disruption

Recover
Impact

H_J

Resilience

Yield perfomance

Y

Time
Figure 2 : Illustration of the process and outcome of resilience.

Resilience is thus an inherent property of a complex system
and “landscape resilience” may not always be desirable (e.g.
poverty trap), but desirable resilience helps landscapes
adapt to change in the face of external drivers of change,
such as climate change (Liao et al., 2020). A functioning
hydrology in landscapes contributes to desirable resilience
to external pressures and ensures provision of ecosystem
services important for human well-being (Falkenmark, 2020).

Forests and trees have key functions in maintaining resilient
and productive landscapes, communities, and ecosystems.
They ensure water supply and provide high quality water
resources through numerous physical mechanisms, e.g.

interception of atmospheric moisture, contribution to cloud
and rain formation, reduction of erosion and recharging of
groundwater. In fact, around 75% of the world’s accessible
freshwater for agricultural, domestic, urban, industrial, and
environmental uses depend on forests (Eberhardt et al., 2019).

N Critical thinking and
discussion points: system, )

absorb, disturbance, system
structures, functions

1.2. Landscape

Despite the wealth of literature on landscapes and landscape
approaches, theideas of how to define and operationalise these
concepts are diverse and vague (Freeman et al., 2015). One of
the premises for taking alandscape approach is thatintegrated
approaches are needed to address complex challenges related
to sustainable development and so called “wicked problems”
(Balint et al., 2011). Moreover, landscape approaches can be a
mechanism around which civil society and other key users of
the natural resources provided or produced in the landscape
can discuss trade-offs and be mobilized to achieve better
land use and water resource outcomes (Sayer et al., 2014).

Different approaches perceive agricultural landscape process,
boundary, and scale differently. In ecological approaches,
the main characteristics to define agricultural landscapes
are spatiality, heterogeneity, and relationship between
elements, including people or not. A unified landscape
concept can be defined as a heterogeneous space portion
where relationships between natural and cultural processes
occur. A popular conception of landscape has been a portion
of land or territory that the eye can catch in a glance, or area
or scenery as seen by a human observer (Figure 3). Although
this could be valid in drawing a boundary around specific
agricultural landscapes, it misses some key attributes
(structure and functionality) of landscapes. Alternatively,
Karadag (2003) proposes the use of a hydrological boundary
[watershed or Hydrological Response Units (HRU)] as
proxy to delineate the landscape boundary (Figure 4).
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Generally, many watersheds or HRUs could be included in
a landscape, and a landscape boundary may or not corre-
spond to an HRU but the sum of HRUs in a landscape can
provide an option to define the boundary of the landscape.
Agricultural landscapes’

structural components can

also provide options for a boundary. Figure 4 illustrates
watersheds nested in agricultural landscapes verifying
the proposal of heterogeneous
relationship between natural and cultural processes occurs.

space portion where

Figure 3: Partial view of Lake Hawassa catchment with
human settlement, agricultural land and different agricul-
tural practices (Photo credit: Amare Haileslassie).

Figure 4: Watersheds nested in an agricultural landscape

A landscape can vary in size from a meter to tens of kilom-
eters. The heterogeneity could be expressed as physically
identifiable structures and could be a cluster of several
farming/farm systems. For example, Figure 3 illustrates the
different activities in different portions of a landscape (e.g.
valley bottom farming, open grazing land in the upland).
Landscapes do not exist in isolation and interactions occur
with contiguous landscapes and within a landscape between
system components (e.g. people and livestock). People move
and water flows facilitating material fluxes (e.g. nutrient,
products, energy (Granit et al., 2017; Haileslassie et al., 2005).
Agricultural landscapes could also be conceptualized as
layers of landscapes and systems. Smaller landscapes
are nested in a larger one and so forth. In other words,

each landscape has a context or regional setting,
regardless of scale and how the landscape is defined.
Because of space limitations and pressure from external
factors, such as population growth and climate change,
building resilient landscapes is increasingly important.
There is a need to transform agricultural landscapes
towards multifunctional landscapes. The strength of
multifunctional landscapes is their ability to meet the
needs of diverse uses and deliver multiple ecosystem

services, including economic, environmental, and social.

N Critical thinking and
discussion points: layers
of landscapes, systems in

landscapes, HRU, multi-
functional landscapes,
open system/landscape

1.3. Water productive
agricultural systems

When freshwater resources are scarce, improving water
efficiency and productivity is advocated globally. The fact
that agriculture (crop and livestock) consumes the largest
proportion of freshwater resources, developing a water
efficient and water productive agricultural system is
important. The applications of concepts of irrigation efficiency
(IE), water use efficiency (WUE) and water productivity (WP)
are complicated. Efficiency and productivity are two different
but interconnected indicators of performance of water uses.

Water use efficiency (WUE): Refers to the ratio of water used
in the plant metabolism to water lost by the plant through
transpiration. From an irrigation engineering perspective,
efficient water use is defined as the ratio between the
actual volume of water used for a specific purpose and
the volume extracted or derived from a supply source for
that same purpose. WUE is a dimensionless ratio of total
amount of water used to the total amount of water applied.

Water Productivity (WP): The term WP plays a crucial
role in modern agriculture which aims to increase yield
production per unit of water used, both under rainfed
and irrigated conditions. It refers to the ratio of biomass
produced to the rate of transpiration. This can be achieved
either by 1) increasing the marketable yield of the crops for
each unit of water transpired, 2) reducing the outflows/
losses, or 3) enhancing the effective use of rainfall, of the
water stored in the soil, and of the marginal quality water.
Evaluating water productivity efficiency for agricultural
landscapes requires disaggregating the entire landscape to
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lower levels (e.g. farm, farm system, community, watershed).
A water productive system is then the ratio sum of water input
to the system (precipitation or irrigation) to the beneficial
outputs delivered by system components [livestock products
and services, crop production (Haileslassie et al., 2009)].
All these definitions or concepts indicate that in a water
productive agricultural system, unproductive depletion
(evaporative losses and pollution) is minimized and transpi-
ration loss, which correlate with biomass yield, maximized.
The principle in enhancement of system water produc-
tivity is to conserve and channel water to when and where
it is most needed, enhance plant water uptake capacity
and, conversion to beneficial outputs. The two (i.e. WUE
and WP) are interconnected and increase of WUE would
lead to better WP. Details are provided in later sections.

Critical thinking and

discussion points:

We propose a process

for designing multifunc-

tional landscapes, guided

by ecological principles
in the following steps:

Vv Briefly go out of classes
and see around for a
typical landscape.

N Draw the landscape.

Define landscape context and
analyze landscape structures
and functions - gaps in terms
of multifunctional landscape.
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Module 2: Approaches to
resilient landscape and
water management

As part of resilient landscape and water management
approaches, this section discusses five selected
approaches: 1) the agriculture/farming/livelihood system
approach; 2) the integrated and optimization approach;
3) the value chain approach; 4) the irrigation-rainfed
continuum and  upstream-downstream  interactions;
and 5) the integration of trees in agricultural landscapes.

2.1. Agricultural/farming/
livelihood systems approach

In the context of Ethiopia and specifically in the rift valley
system, there are several reasons to bring agriculture and
livelihood considerations together. Agriculture is a major
source of livelihood and user of freshwater resources. The
agriculture/farming/livelihood system approach focuses onthe
understanding of the interactions between livelihood assets,
agriculturalactivitiesand waterresources management(Fig. 5).
Each individual farm has its own specific characteristics,
which arise from variations in resource endowments and
family circumstances (Clement et al., 2011; Haileslassie et al.,
2016,). The household, its resources, and the resource flows
and interactions at individual farm level are together referred
to as a farm system. It is the level of endowment of livelihood
assets that determines efficient use of water and enhancement
of productivity (e.g. Haileslassie et al., 2009a). As illustrated in
Figure 6, the approach is characterizing and targeting inter-
ventions for farms, communities, and production systems
that can build a resilient landscape (Haileslassie et al., 2009a)

Water is an interface between different system compo-
nents and efforts of
be water centered. Tang et al
livelihood assets, livelihood
bility interact in the space of agricultural landscapes.

intensification could
(2013) showed how

outcomes and vulnera-

therefore

B Livelihood assets are interconnected and have syner-
getic effects.

B Livelihood strategies are about transformation between
capitals, and enable both accumulation and transfer
between capitals to meet livelihood outcomes and
enhance adoption and resilience.

Considering linkages between different assets and
existing structures and processes (policy, institu-
tions) is important in building resilient landscapes

Afarming system is defined as a population of individual farm
systems that have broadly similar resource bases, enterprise
patterns, household livelihoods and constraints, and for which
similar development strategies and interventions would be
appropriate (Haileslassie etal., 2009b; Haileslassie et al., 2012).

In order to analyze farming systems and their future devel-
opment trajectories, key biophysical and socio-economic
determinants could be grouped into three categories (Fig. 6):
1) natural resources and climate - green colored (also

the system structure function is under this cluster),

2) pressure on the system including from science and
technology (management system) and demographic
forces system and change as a result ( blue color), and

3) livelihood outcomes and feedbacks
(Haileslassie et al., 2013a).

Itis only through inclusion of these components in the system
analysis that a comprehensive understanding of the system
dynamics and its design of future trajectories are possible.

Critical thinking and

discussion points:

V/ Identify different livelihood
assets and discuss how they
influence the production
process and landscape resil-
ience to climate change shocks
Discuss livelihood assets,
capital transformation and
improved wellbeing as a
pathway to resilience of A
individuals, communities, <
systems, and agricul- "
tural landscapes
Discuss examples of
changing production

systems and feedbacks

— P —
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Figure 6 : Framework for integrated agricultural system illustrating open system,
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2.2. Integrated and
optimization approach

One of the major challenges in rift valley production systems
(and landscapes) is the huge yield gap. The myth among
farming communities is that more water application will
increase yield and implicitly close the yield gap. However,
closing the yield gap and improving the productivity of
scarce water resources requires an integrated approach.
For example, Smith et al. (2001) illustrated that with the
same amount of water, farmers can produce more if they
integrate different agricultural inputs (e.g., high yielding
varieties, use of organic and inorganic fertilizers, Fig. 7).
Water can be saved through better integration or use of
different yield-limiting factors at a time. This means more
water will be available for another use or expansion of
production areas and thus livelihoods and landscapes will
be resilient to climate change. For the same water input
(e.g. at 5000 m3 ha-1), different levels of production can be
obtained (Fig. 7). The challenge is identifying which combi-
nations fit which environment. The economic and agronomic
optimum level (Fig. 8), is an important tipping point.
Further, improving the demand and supply side of water
management and establishing longer-term data bases and
improving surveillances of system dynamics is important.

8000 —— High yielding
varieties,
7000 high inputs
B 60 f /. High yielding
El varieties,
E 5000 low inputs
g 4000 Traditional
3 varieties,
; 3000 high inputs
]
3
© 2000 Traditional
varieties,
00 low inputs
0

1000 2000 3000 4000 5000 6000 7000
Water availability (m*ha)
This graph shows the yield response of crops to water availability. High yielding varieties

produce more than rainfed varieties only when provided with adequate amount of water.
Source: Smith et al, 2001

Figure 7: Illustrating how integration of inputs save water
and thus help in building resilient agricultural landscapes.

Point of
Maximum Yield

Point of
Diminishing
Returns

Negative
Returns

Each added input leads to
a decreasing rate of
output. It's best to stop not get a return
somewhere within this for your effort,
phase you decrease
your overall
output

Total Output
(Overal quality of work, total work created, etc)

Never get here.

Here, your inpyt leads to
) Not only do you

productive returns. It pays
to invest more time, effort

Total Output
(Time effort resources invested)

Figure 8: [llustration of agronomic and economic
optimum input rate for productive use of water.

2.3. Value chains

The value chain concept has been around for some time. But
adoption and application to agricultural water management
(e.g. irrigation, rainfed system) is rarely observed in Ethiopia.
Irrigation is capital, input and knowledge intensive. An
example of timely supply of inputs of seed and fertilizers
would enable integrated approaches and facilitate the
production process. There are sequential and intercon-
nected value-chain nodes ranging from input supply to
consumption, and service provision is linked to each value
chain node (Fig. 9). A value chain node, in its simple form,
is a step across a value chain where clusters of activities are
interconnected, and value created. For example, the irrigation
sector needs closer service provisions (credit service, capacity
building, swift maintenance of motor pumps or private
sector involvement in water marketing). In summary:

B The value chain system comprises the value chain actors,
service providers and the institutional environment in
which the value chain operators and service providers
operate.

B The institutional environment incudes formal and
informal institutions, policies, laws, regulations, trade
agreements, customs, norms, traditions that govern the
actions and interactions of value chain actors. Therefore,
value-chain development requires systems thinking.

B Effective operationalization of value chains may need
value chain accelerators. Value chain accelerators

are interventions across value chain nodes to ensure

sustainable and effective functioning of the value chain
process. The accelerators involve capacity building,
knowledge management and research and documen-

tation (Fig. 9 Haileslassie et al., 2014).

Critical thinking and
discussion points:

V Give examples of an irrigation

commodity value chain

and identify the different

value chain nodes and key
challenges at each node in

the rift valley context.

Discuss how the value chain
approach and its implemen-
tation helps in developing
efficient use of water and devel-
oping resilient landscapes (link
to integration and optimization).
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Figure 9: value chain nodes and value chain accelerators as applied to irrigation.

2.4, Rainfed-irrigation
continuum and upstream —
downstream interactions

Rainfed and irrigation systems at a landscape or watershed
scale are interdependent units, although we give them
different names to simplify management (Fig. 10) (Molden
at al., 2007). In the central rift valley, rainfed agriculture is
the most vulnerable production system to climate variability
and extremes (e.g. highly variable rainfall, long dry season,
recurrentdrought, floods). Also, theserainfed systemsin many
cases are degraded and water stressed. This indicates the need
to improve water management to build resilient landscapes.
Currently the dryland systems, including the valley floor of
the rift valley, are confronting several unprecedented risks
and uncertainties. This involves risks related to climate
change or risks related to flooding. In principle farmers are
not passive observers of change in their environment. This
is demonstrated through emerging accelerated farm-level
irrigation development through pumps.  Farm-water
harvesting is continuously encouraged through devel-
opment agents. Small to large-scale industrial invest-
ments are emerging in many landscapes of the rift valley.
These incur competing uses and users of water. Ethiopian

water resources policy mainly focuses on the economic
value of water and this could make irrecoverable damage
to ecosystems and social values. Enforcement requires
carful exercise of water allocation and policy frameworks.

Purely rainfed Fully irrigated

% ‘ Supplemental irrigation

< Water Harvesting
—— 1 Groundwater irrigation

K Surface water irrigaton

<7

Drainage

Source: IWMI (2007)

Figure 10: Graphic illustration of the rainfed and
irrigation continuum across landscapes.
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An integrated in-situ and ex-situ agricultural water
management approach could be an option to minimizing
surface runoff and increasing soil moisture (Haileslassie
et al., 2013b). Moreover, better management of agricul-
tural water in a landscape context supports recharge of
shallow groundwater and would open an opportunity to
practice irrigated agriculture at the middle and lower
part of a landscape (Molden 2007). This is an example of
integrating/ ensuring a rainfed irrigation continuum for
sustainable agricultural production in landscapes (Fig. 10).

2.9. Agroforestry - integration of
trees in agricultural landscape

Anthony (1997), describes agroforestry as a collective name for
land-use systems and technologies where woody perennials
are deliberately integrated on the same land-management
units as agricultural crops and/or animals. It has some form of
spatial arrangement or temporal sequence. Shem et al. (2016),
suggest that there are both ecological and economical inter-
actions between the different components of agroforestry
systems (tree, crop and animal). Agroforestry is a dynamic
ecological-based natural resources management system.
Agroforestry systems are multifunctional systems that can
provide a wide range of economic, sociocultural, and environ-
mental benefits. Through the integration of trees, agricul-
tural landscape production will be sustained, livelihoods
will be diversified, and income will be increased (Fig. 11).

There are three main types of agroforestry systems: i) agris-
ilvicultural systems are a combination of crops and trees,
such as alley cropping or home gardens; ii) silvopastoral
systems combine forestry and grazing of domesticated
animals on pastures, rangelands or on-farm; and iii) the
three elements, namely trees, animals and crops, can be
integrated in what are called agrosylvopastoral systems and
are illustrated by home gardens involving animals as well as
scattered trees on croplands used for grazing after harvests.

=B= Increase (%)
=i= Decrease (%)
Neutral 50

Water regulation Microclimate

Soil Fertility Nutrient cycling

Pest Control

Figure 11: Proportions (%) of ecosystem services that increase and
decrease by trees in Sub-Saharan Africa (Shem et al., 2016).

Shem et al. (2016) and Anthony (1997) illustrated that while
trees affected some ecosystem services positively, they
affected others negatively. Competition for nutrients, water
and light are the most reported tradeoffs. But the effect
depends on tree management as affected by the multi-func-
tionality of tree species, their resource use efficiency and
ability to favorably modify the microclimate for crops.

Critical thinking and
discussion points:

V Go back to your landscape in the
previous module or draw a new
one after better understanding
from previous exercises and
feedback and follow the steps.
Define your boundary of a
landscape as in previous exercise
Draw your faming system clusters
within the landscape (use your
knowledge of altitude, rainfall
temperature and availability of
water). Make the boundary open.
Within each of the faming
systems, draw a hypothetical
farm cluster assuming diversity in
livelihood assets (e.g. high input
intensive farms, off farm-based
income farms, extensive farms)
Show the rainfed and irrigation
systems of your landscape

which you might have mapped

as interactive or independent
systems. Show the continuum of
the two systems and elaborate
how maintaining the continuum

would help building resilient

agricultural landscape. <

Show the role of value chains in
influencing the productive use
of water landscape resilience

between the different approaches.
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Module 3: Sustainable
agricultural landscape
transformation - pathways

development

3.1. Agricultural sustainability
in context

Sustainable agriculture focuses on increasing agricultural
production while having minimal effects on the environment.
This type of agriculture tries to find a good balance between
the need for food production and the preservation of the
ecological system within the environment. In addition to
producing food, there are several overall goals associated with
sustainable agriculture, including conserving water, reducing
theuse of fertilizersand pesticides, and promoting biodiversity

Sustainable Agriculture

Increase Decrease
High-yield Soil erosion
polyculture

S Soil salinization
Organic Fertilizers

Aquifer depleti
Biological pest AR LIED

control

Overgrazing

Integrated pest Overfishing
management
et (T Loss of
Irrigation effieciency blodiverstty

Perennial crops Loss of prime

cropland

Crop rofation

Food waste

Use of more water

efficient crops ubsidies for unsustainable

Soil conservation farming and fishing

Subsidies for more Population growth

sustainable farming

and fishing AT

Figure 12: Sustainable agriculture practices and outcomes

v

in crops grown and in the ecosystem. Sustainable agriculture
also focuses on maintaining economic stability of farms and
helping farmers improve their techniques and quality of life.
There are many farming strategies that help make agriculture
more sustainable. Some of the most common techniques are
includedinFigure12 (Teyetal.,2012),bothintermsofwhattodo
andwhatnottodo,includingtheoutcomesandtheirinteractions.

Farm ith

Environmentally
enhancing

L

Resource
”| optimal

o

Economically
viable

L

Socially
”| Justifiable

L

Functionally
feasible

Sustainable
agriculture

<---> Interlinks

! Extracted from manuscript under development on sustainable agricultural intensification pathway (Haileslassie et al., unpublished)
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3.2. Measuring sustainability’

Sustainable agricultural intensification (SAI) requires
indicators and associated metrics to track progress,
assess trade-offs and identify synergies (Haileslassie et
al. 2016; Smith et al. 2017). In this regard, Smith et al.
(2017) organized indicators into five domains. These are
productivity, economic  sustainability, environmental
sustainability, social sustainability and human wellbeing.
Examples of each of these indicators are provided below:
1) Productivity is usually expressed in a variety of

indicators and metrics including yield, input

efficiency, water efficiency, and animal health.

2) Indicators for economic sustainability include
agricultural income and crop value. Metrics of
agricultural income at the field level include net
income from agriculture, disposable income losses
of agricultural income due to natural disaster
or changes in total agricultural income.

3) Human wellbeing domains are food and nutrition
security. This is the ability of smallholders to meet
their own food needs and can be measured in
terms of the net production of nutrients on the
farm relative to the food needs of the farming
household (The Montpelier Panel 2013).

4) Environmental sustainability includes biodi-
versity, carbon sequestration, soil erosion,
nutrient dynamics, soil biological activity,
and soil quality and in many cases productive
uses of water (e.g. Haileslassie et al. 2016).

5) Example of indicators for social sustainability
include information access and gender equity
(Rai et al.; 2011; The Montpelier Panel, 2013).

Although the five domains of SAI indicators (productivity,
economic sustainability, environmental sustainability, social
sustainability, and human wellbeing) could potentially be
adopted across scales, there is no such a consensus on type
of indicators to use and monitor. Sustainability matrices and
indicatorsarefunctionsoftime, spaceandthesocialdimension,
making it difficult to have one common indicator across time
and space. Indicator selection needs to be contextualized.

v

Critical thinking and
discussion points:

what are the different practices
(good and bad), and indicators,
in the context of the different
agricultural system in the rift
valley - disentangle system

by irrigation, rainfed etc.

what are the different sustaina-
bility pillars and their respective

indicators and metrics in

context of your landscape?

Elaborate gender empow-
erment as one of the proxies to

measure social sustainability
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3.21. Conceptual pathways for sustainable
agricultural intensification in landscapes

Increasing population and concurrent demand for more
food, fiber and other agricultural products is one of the global
challenges. Sustainable agricultural intensification can be an
option to address this global challenge. However, a review of
literature (e.g. Haileslassie et al., 2016; Mutyasira et al., 2018;
Kumaretal., 2019) revealed that there could be several pathways
for sustainable intensification within a landscape because of
differences among farms and farming systems in terms of their
farm structure and function (Fig. 13). Also, farmsin alandscape
differ in values and resources they share, for example water,
land, market, climate and common property resources (Fig.
13). These resources define their economic and environmental
sustainability dimension, while the social value they share
(e.g. level of access to resources and wealth accumulation)
is linked to their social sustainability dimension. Therefore,
finding a common pathway that brings together interests
of all actors in a system or landscape is usually difficult.

Complement

High sustainability
High intensification

Substitute

Low sustainability
High intensification

Substitutes

High sustainability
Low intensification

Complements

Low sustainability
Low intensification

Landscape attributes contributing
to and affected by intensification

Intensification
and sustainability

Sustainability

Figure 13. Conceptual pathways for sustainable
agricultural intensification.

Critical thinking and
discussion points:
v Can you identify and assign

atiributes that best explain farms
or communities or systems or

landscapes in each of the quadrants

3.2.2. Designing sustainable intensification
pathways: understanding performance
and targeting changes needed

This section focuses on delivering methodological frameworks
to understand the context of sustainability assessment and to
develop the intensification pathways. Our systemic approach
outlines how to move from sustainability assessment per
se to sustainable intensification pathways development by
coupling the later to principles and approaches which enables
complementarities and synergies of interventions. The overall
framework proposed here (Fig. 14) aims at ensuring compre-
hensiveness and robustness of the evaluation and planning
and supporting the decision-making process. The overall
structure of the framework is constructed from four building
blocks: (a) sustainable intensification indicators (Fig. 14a), (b)
understanding performance of sustainable agricultural inten-
sification measures (or metrics of sustainable intensification,
Fig. 14b), (c) defining sustainable intensification pathways
to bring the desired changes and managing trade-offs
(Fig. 14 ¢), and (d) principles and approaches enabling
synergies and complementarities of interventions (Fig. 14 d).

When developing indicators of sustainable intensification
(SI) of agricultural landscapes, it is important to first under-
stand the existing landscape of indicators, indices, and
datasets at the nexus of agricultural landscape components
and addressing the target domains and scales of interest.
Here important guiding questions could be: a) what indices
and indicators exists about SI of agricultural landscapes? b)
how important are they and can they reflect local community
perception? ¢) What appropriate datasets already exist? d)
what can be learned and leveraged from these existing indices,
indicators, and datasets? and e) what s the available resources?

Literature including Smith et al. (2017) and Haileslassie
et al. (2016) can be used to identify generic indicators and
matrices contributing to each of these domains. The key step
is to contextualize this based on desk work, key stakeholder
consultation and expert knowledge of the site (Fig. 14 B). Table
1 depicts generic indicators proposed to understand system
sustainability and changes needed. The list is developed based
on generic indicators suggested by Smith et al. (2017) and
Haileslassie et al. (2016). This can be substantiated by expert
knowledge of key opportunities and challenges. There is space
to involve farmers. During the first site-tour, farmers will be
asked to suggest additional indicators and undertake pairwise
ranking. In efforts of understanding changes needed,
the next step is to answer question on status of sustaina-
bility indicators by exploring deeper the performances of
each of these indicators under current practices (Fig. 14B).

Alandscapeis diverse both biophysically and socially and so are
farm and faming systems (Haileslassie et al., 2016). The first
approach in handling this heterogeneity and making recom-
mendations context specific is to cluster farms and landscapes
to homogeneous groups. Different techniques are available
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to deal with the heterogeneity of farmers: for example, a
qualitative participatory typology based on informal group
sessions and interviews with local stakeholders. A landscape
typology can be developed using traditional altitudinal
belts or alternatively farming systems as proxy indicators
(highland, midland, lowland; vainfed based highland, irrigation
based lowland farming). Farms nested in the landscape can
be clustered using a participatory method [resources better
off, medium or poor (Participatory Learning and Action)]. The
advantage of participatory methods is that they also include
additional groups of females and “landless” farmers, who are
important in the communities. We may use radar charts and
similar techniques to display the relative importance of the
different SIs across landscape position and farmers’ group.

For poor performing indicators we will explore further
through consultations with stakeholders. Literature review
can also enrich this component on the potential and actual
performances of each of the indicator, for example yield gap
either within the system and from practices elsewhere with
similar system setting and practices.

Sustainable Intensification
Pathways

Principles and Approaches
Enabling Synergies and
Complementarities of
Interventions (SIP)

o Integrated-genetic social and ‘

ecological interventions

@ |dentify key interventions or their
combination by focusing on these
with weak performance

® Value chain and linkage fo

food system @ Cluster interventions as immediate,

o ) medium, and longer ferm
® |rrigation rain fed continuum

@ (ontextualize interventions for
different farm typologies
in landscapes

® Multiple scale-nested approach

o Water system and water allocation

@ |dentify tradeoffs and
» management options

@ Engage local community

@ |dentify monitoring and
attributes fo monitor

)

-

Critical thinking and

discussion points:

V Can you identify indicators
in the context of your earlier

landscape and faming systems?

Vv

Can you undertake pairwise

ranking exercises?

Understanding Perfomance
of sustainable agricultural
intensification measures
(or metrics)

Domains of
Sustainability
(Smith et al., 2017)

© Land productivity, labor

o Economic
productivity, yield gaps Sustainability
® Income, income sources diversity
® Food security, nutrition Productivity

® Gender equality

® Social security Environmental

/1N

Sustainability
© Conflict, competition
® Collective action Social
@ Producive use of water sustainability
® Water quality; pollution;
land degradation Human
Wellbeing
o Fic

Figure 14. Methodological framework to assess intensification and develop sustainable agricultural intensification pathways.

3.2.3. Systematic identification of actions required

Once the type and importance of constraints and their causes
are understood, it is important to systematically identify inter-
ventions to turn around the current performance of the selected
indicators(Fig.14c). Thissectionwillenhancetheunderstanding
of the spatial (plot, farm, system, watershed, landscape)
and temporal (immediate, midterm and longer term) scales
where interventions to address the constraints are required.
Overall an important aspect is to look at how these
context-specific interventions would improve the perfor-
mance of the different indicators and how they individually

and as a group bring about the desired changes in the target
indicators and the sustainability pillars (Fig. 14 C). Liter-
ature review could provide insight of how these different
interventions contribute to one or more indicators and
understanding their trade-offs. The base for selection of
the different interventions is the current practices, the level
of resource endowment and people’s choice (Fig. 15). In this
line, consultations with key stakeholders could support the
combination of different intervention and their time scale
(Fig.15). Other important aspects include to check the policy
priority and institutions in place to help achieving the targets.




i (WM

International Water
Management Institute

*(£107 1 30 yuS 421f7) adpaspuv] 4of spuvys ST a)pas dapup) “ybiy 4of [ puv winipaut 40f ) ‘moj 4of spuvs T :a6pajmouy s J4adxa U0 paspq pajpItpul S10UPAaY

(pooyj ‘1ydnouap) sysut

aInye1an1]/4saIng wreg $ H pale[al 191eM JO J]EIS STy

aamera11y/Aaaing uLrey $ H SYIUOW 2IMNDISUT POOJ JO # £11mdas uon1INU pue poog Suraqom uewnyy
aInye1an1]/£saIng ST § H 21017ju0d Jo aanieu pue Aouanbaig $90IM0S211 1240 1DI[JUOD
aInye1ann]/£sang ureg ¢ H sur] £11240d M0[aq 10 2A0QY £11380d JO 29T
aInye1an1]/£saIng wrey § H 11paiId 01 sS900® 3UIARY % 1IPaId 01 5300V
armyerarf/Aeaimg une] $ H Sunjew UoTSIAP ‘$20IN0SI 01 SSIOY £umboas [eroos /Aamba 1opusn

aInye1an1]/£saIng wrey § W S[1qON/AL/OTPeY $S900® UOTIRULIOJU] Ai[iqeureisns [e10s
aInie1an1]/£saIng ST/wre] $ W ammamoride 01 agueyd % a3ueyo asn pueq
arnje1al/Asaing wurej é H PapLoar aanurew % so1wreuAp 1UaLIIMN
aInie1an1]/£saIng ST $ H syst1 uonnjod Jo [9437 uonnjod 121em Jo [249T
aamera11y/Aaaing ST/ure § H ®y/Uuol uoisorg
amiei1a11]/AoaIng ey ¢ 1 ey/8y syndut [eo1wayo013y

aInye1al1/£saIng ST/uiey § 1 uwrey uo sdoid # As12A1pOIg A[1qeureisns [eIULWIUOIIAUT
aInye1an1/£saIng ST/urey § 1 [enuaiod woaj UOTILIAD % sde3 prarx
aImie1ann]/Asang urey ¢ H ‘ak/doxd # Asuaur 3urddoa)
aInye1an1/£saIng wieg $ 1 uwimiaa Syy/andur 3y Kouaygs indug
aImie1ann]/Asang ureg $ 1 €-wdy £ouarorys asn 1218

aInye1an1]/£saIng wieg $ H (ey/3y) PRIA Aanonpoig
Aaamg unre] ¢ H s1eak usamiaq sagueyo % £p1qeas swodu]
Aaning uLrey § W HH/$22In0sdul# £I1SI2ATP $20IN0S SWODU]
£Aaaing wieg ¢ W 3y/asn anpea doip

Aaning uLrey § H PeaH/asn awodul [eInndISy f[1qeureisns orwou0dq

uostieduiod
uorjeuuiojul Jo saaines 3|eds asimiied u.,mu_:wu.:a_._.__ SHun $10]e31pul d113u3y) sulewop Hum._m._.

sabuvyd Fugabivy puv urvuiop (1j1qouivisns Jo aouvutiofiad Buipuvisiapun iof pasodoad saotpul puv si03pdipul 914aUan) 1 3|qBJ,




SIWI STOCKHOLM INTERNATIONAL
S—— WATER INSTITUTE

Landscape, farming and farm Approaches to typology Tools Farm types Understanding perfomance of sustainability indicators and

system heterogeneity in landscape targeting interventions needed
1). Statistical approach Short term

A

Intentions and options Medium
Multi variate analysis ﬁ P
Seleclion_ of key v_ariab_les to B Long term
explain farm diversity &
N
Household survey, field
observation and focuse group
discussion
Short term
: Medium
ii). Participatory approach Participatory analysis Intentions and options

A

N Long term
Selection of discriminating criteria 1 4
to explain farm diversity
B

Figure 15: Schematic diagram illustrating how the process of farm typology/in different
landscape positions can be targeted by different interventions

Critical thinking and discussion points:

v what type of innovation would be principally required to

address the constraints and how would these innovations be

integrated and implemented in a farm or landscape.

what are the points of linking of these interventions to the overall food system.

what are the potential trade-offs and how can

v
v

they be managed (scenarios); and

understanding farmers ‘choice’ or interest.
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Module 4: Water efficient
and resilient landscape
management technologies

There are several in-situ and ex-situ agricultural water
management technologies tested for Ethiopian conditions.
Figure 16 illustrates sources of water, mode of storage and
principal use of water. Water lifting technologies enable
tapping into ground water resources and help to mitigate
climate change. From experiments conducted by IWMI using
10 sets of solar pumps in the Ethiopian dryland system (Rift
Valley) it was concluded that solar pumps attached to drip
systems have significantly higher net present value compared
to other technologies. Given the water savings from the lifting
and application techniques, the technology would also help
to save water which provides opportunity to irrigate more
areas and thus build climate change resilient landscapes.

Water harvesting is an important entry point to improve the
productivity of dryland systems. This could take the form
of in-situ or ex-situ. Use of several technologies including
subsurface soil hard pan breaking technologies have showed
promising results in terms of reducing runoff and soil loss
and increasing infiltration and the overall crop yield. Technol-
ogies such as hillside micro-basins have proved to work well,
particularly on rangelands (https://wocatpedia.net/wiki).

8 . Manmade/
Source |n-sjtu Ex-situ
of Water ‘ technologies technologies mg:rr u?gs
Mode of Subsurfuce Dam, pond
storage Soil storage dam, well tank, et
Principal Domeshc
Crop. Livestock

ater use Forestry f public

Wi u H production ’ uquotuiure t'Jmmemm

Figure16: Sources of water, mode of storage and principal
use of water for different water management technologies.

Farm ponds and several micro-dams, despite positive
impacts have several challenges, including siltation
(Gebremedhin et al., 2016). For example, seepage loss on
the net harvested water is very high and the irrigated area
can be increased considerably if proper water saving and
utilization measures and mechanisms are implemented.

The current situation illustrates the diversity of the impacts

and the need to improve water harvesting efforts, particu-
larly related to macro-ponds and micro-dams. These efforts
must also take future water demand into account and
micro-watershed level water allocation is an important
ingredient of the planning process. While initiating farm
ponds in dryland systems (for example in the rift valley),
techniques to alleviate these hurdles must be in place.

4.1. In-situ water harvesting
and soil and water
conservation technologies

Rainwater harvesting for infiltration, also known as in-situ
water harvesting, is a practice in which rainwater uptake in
soils is increased through the soil surface, rooting system, and
groundwater. The soil effectively acts as the storage agent,
which improves water holding capacity and fertility and
reduces risks of soil loss and erosion. Common examples of
water harvesting practices include trenches, terracing, pitting
and conservation tillage. Due to variable and unpredictable
weather patterns these technologies have served as important
water sources for agriculture for centuries (Shibeshi et
al., 2016). They play an important role in climate change
adaptation due toincreasesin unpredictable weather patterns.
Apart from their predominant function of improving cropland
and vegetation, they can also help ensure sustainable water
supplies for livestock or domestic use through improved
recharge of nearby water-flows or ponds, as well as ground-
water. More specifically, the benefits of in-situ water
management includes increased infiltration and recharge
[Erkossa et al., 2020 (Fig. 17)], soil fertility and water holding
capacity of soils and reduced risk of soil erosion and loss
(Fig. 17). Table 2 indicates types, purpose, and management
options of in-situ water management technologies.

Continuous cultivation of land accelerates migration of fine
clay particles down the profile which accumulates and creates
an impenetrable layer called hard pan. Hard pans limit perco-
lation of water into the soil system, the water is thus usually lost
as surface runoff. This could also contribute to topsoil erosion
and limited availability of shallow groundwater downstream.
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Table 2: Examples of in situ-water management technologies.

Soil-water management Purpose Management Options Management type

strategy

In-situ water Maximize infiltration Improve topsoil conditions - Protective surface cover: cover
harvesting systems capacity of the soil crops, residue, mulches against

disruptive action of raindrops
« No or reduced soil disturbance by tillage
« Conservation agriculture
« Soil amendments
« Fallowing under cover crops
or natural vegetation
« Temporary closure of grazing land
and subsequent protection

Improve subsoil conditions - Deep tillage: subsoiler or paraplough
to break-up water restricting layers

Slow down and/or Increase surface roughness « Surface cover: cover crops,
impede runoff residue, mulches, geotextiles
« Conservation agriculture

Apply physical structures - Terracing: level terraces, bench
across slope or along countour terraces, Zingg, fanya juu,
murundum, contour bund, graded
channel terrace, orchard terrace

The experiment was set out to compare different options

200 ---8--- Wilting point — @~ Field Capacih . . .
b. 30-60 cm o oy of breaking hard pans. The options involve the use of
—o— With trench —o— Without french . . . .. . .
180 ey () no-till (NT), no ploughing; (ii) conventional tillage
B N — O ——O—— O ——O—— O———@ —— . . . .

:/"'— I '_"\;\'_ Ce= === o= (CT), plots tilled three times using oxen driven Maresha

160 -~ . .. .
'\\ (Ethiopian traditional plough) , (iii) deep tillage (DT),
140 Yol N manual digging up to 60 cm using a mattock and (iv) Berken
\.\\._B.(_.\\ tillage (BT), plots tilled three times using an oxen driven
120 @ B e O o e 00 Berken plough [ locally innovated plough type and Bi-T for
100 biological treatment using pigeon pea ( Muche et al., 2017).
27Jun. 24Jul. 9-Avg.  27-Aug.  19-Aug.  280ct. 270ct. 22Nov 13Dec. 29-Dec. 11Jan  25Jan. ’Ihe penetration resistance as indicated on Figure 19 has

Figure 17: Effects of trenches on soil moisture dynamics
across the cropping season in upper Awash basin.

Biological treatment Berken tillage W Deep tillage W No tillage Conventional tillage

Figure 18: Sets of experiments on how different depth of tillage and breaking of the hard pan affects
soil penetration resistance, infiltration, runoff, erosion and biomass yield.
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significantly dropped for the 20-40 cm depth and infil-
tration capacity was significantly improved by 50%, 46% and
30% due to the application of deep, Berken and biological

The example (Fig. 18-21) illustrates the experimental layout
(from the work of IWMI and partners), and how deep tillage
breaks the hard pan created and how it increases infiltration.

systems, respectively (Fig. 19). As indicated in Figure 20,
the trend in infiltration capacity was similar to the gain in
infiltration, and DT and BT showed more promising values.

20-40 40-60
5 3.5 -
@ a
3 - ab a
2.5 . b
_ ab z o 25
g 2 Before g ) Before
Z 15 b W After Z _ W After
~ 15 -
& & 15
1 4
14
0.5 0.5
0 - ' 0 - '
NT (@) DT BT Bi-T NT CcT DT BT Bi-T

Figure 19: Penetration resistance under different depth of tillage
(BT is for berken tillage, DT is

350 7] H Before . 1
o o Runoff (mm)  Soil loss (t ha')
o After
= Treatments (T)
N 200
E 150 4 NT 98.8+27.6° 6.7+1.1
O 100 CT 71.4+13.6° 5.5+1.0°
o
50 | DT 28.5+4.9b 2.60.6¢
NT CT DT BT Bi-T BT 33.5+6.2° 2.6%0.6¢
Treatment Bi-T 47.6+8 .4 3.8+0.7b¢

Figure 20: Effects of different depth of tillage on infiltration, run off and soil loss

. NI <& Dr BT BT |geesinen Biomass (tha')  Yield (t ha!)
2100 b
i
£ o0 NT 11.7 h 2.68b
) ct 151 3.83
5 30.0 1 DT 15.4% 3.76b
5 40.0 BT 2248 3.98%
) 50.0 Bi-T 16,7 4.8
' CV (%) 44.9 18.67
60.0 - 1 1L.SD 9.9 0.9

Figure 21: Effects of different depth of tillage on root length of plant, biomass and crop yield




SIWI STOCKHOLM INTERNATIONAL

—
—

WATER INSTITUTE

4.2. Ex-situ water harvesting
technologies

In summary:

Application of deep and Berken tillage systems on
farmlands are effective in terms of increasing the infil-
tration rate.

In ex-situ systems, water is not collected in the soil as the B Reduction of surface runoff from deep and berken tillage
storage medium. Water is stored in natural or artificial reser- systems reduce soil loss.
voirs with different dimensions, i.e. wells, ponds or cisterns, B Improved tillage systems have positive impact on root

for irrigation purposes or for domestic use. In contrast to the

length and grain yield.

in-situ systems, the surface of storage infrastructure has little -
or no infiltration capacity (Fig. 22). Small-scale basins or on
rooftops are common methods of collection of rainwater. The
latter is mainly collected for domestic purposes but can also be
used for small kitchen gardens. Ex-situ rainwater harvesting
canreduce pressure on surrounding surface water and ground-

Therefore, proper implementation of berken and deep
tillage system will have a far-reaching impact on land
productivity.

water resources, as well as peak flows and flow durations.

£ '.'-.r
Figure 22: Roof water harvesting for supplemental irrigation of Alfalfa and rope and washer pump applied
forlifting of ground water to irrigate Alfalfa (SNNPR) - Photo credit Amare Haileslassie.

Pe S -

It is commonly agreed that water harvesting systems are
beneficial. Experiences suggest that sustainable and locally
adapted rainwater harvesting systems can contribute to food
security and adaptation to climate change and improve the
livelihood of farmers. Rainwater harvesting can be an alter-
native and/or complementary method to large-scale water

service (SCS) runoff curve number method (Yongping, 2001)

A) The soil conservation service (SCS) Runoff
Curve Number (CN) method: The SCS runoff
equation can be illustrated as given in Eq 1

_ (P2 ie(Eq D)
P-la+S

withdrawals and reduce negative impacts on ecosystem 0
services, such as erosion. In addition, small-scale rainwater
harvesting systems canyield ahigheramountof collected water

than large dams, as evaporation and water losses are reduced. where

Q = runoff (in) P = rainfall (in) S = potential maximum
retention after runoff begins (in) and Ia = initial abstraction
(in). Initial abstraction (Ia) is all losses before runoff
begins. It includes water retained in surface depressions,

4.3. Estimating runoff for
surface water harvesting

water intercepted by vegetation, evaporation, and infil-
tration. Ia is highly variable but generally is correlated
with soil and cover parameters. Through studies of
many small agricultural watersheds, Ia was found to be
approximated by the following empirical equation:

Estimating harvestable runoff is an important step in ex-situ
water capturing techniques. There are a number of methods
availabledependingonwatersources(e.g.roof,roadandsurface)
andlevel of precision required. Here we will focus on the source
runoff and the most commonly applied calculation methods.
One of the most applied technique is the soil conservation

1a=028.....cccccvvvviveivinnn.(Eq 2)
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By removing Ia as an independent parameter, this approxi-
mationallowsuseofacombinationofSand Ptoproduceaunique
runoff amount. Substituting equation 2 into equation 1 gives:

0= P0292 i (Eq 3)
P+0.8S

S is related to the soil and cover conditions of
the watershed through the CN (Fig. 23).

_ (P0.25)

181 Q
P+0.85S O

o7z I Y I | |
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30

P(cm)

Figure 23: SCS run off curve number

CN has a range of 0 to 100, and S is related to CN by:

g= 000 o Eq 4
CN

B) Rational Method: Another very simplified method
of estimating run off is the rational method. The
Rational Method can be illustrated by the following
equation and can be applied in data scarce system
and when less level of precision required

O=CIA....civovccemeoeeeene Eq 5

Where: Q = peak flow (m?/hr) C = runoff coeffi-
cient (dimensionless) I = precipitation intensity
(m/hr) A = effective drainage area (m?)

c) Roof water harvesting method: This is the most
common practice in urban areas for household
water supply and small family garden. The
runoff estimation is illustrated by Eq 6

O =PA

Where: Q is a harvestable water, average
annual P (m) and A is roof area in M?

Critical thinking and
discussion points:

v

Assume a rainfall value of

500 mm on micro catchment

of 1000 m2. Estimate the total
annually harvestable run off
and discuss options to use.
Assume a rainfall of the same
magnitude as above and roof
area of 40 m2. Estimate the
harvestable water and discuss
best and effecting way to use.

If all farm households in a
catchment /landscape would be
able to harvest all drop of rainfall
what would happen? Remember
systems as open and material
flows in a system. remember
upstream downstream issues
and rainfed irrigation continuum
we discussed earlier. In view of
this, critically discuss why system

management in isolation is a risk.




SIWI STOCKHOLM INTERNATIONAL
S—— WATER INSTITUTE

Module 5: Lifting,
conveyance, and on-farm
water application

5.1. Solar pumps
5.1.1

Improved supply of and access to clean water is one of the
SDG 6 targets. Supply of water for drinking or irrigation
purposes also remains an issue to be solved in many remote
areas of Ethiopia. Under the current status of access to
safe drinking water and water for domestic consumption,
even addressing COVID-19 pandemic would be a challenge.
This requires a reliable source of energy that can pump
water to usable heights. Currently, diesel generators are
commonly used to provide pumping power. However, they
have several disadvantages involving pollution and the
energy sources; oil, is not a renewable resource and as the
global reserves diminish the price is increasing. Secondly,
there is a continued complaint of adulteration by farmers
in remote locations and this is posing a significant threat to
a consistent water supply. Finally, diesel generators require

Why solar pumps

regular operation and maintenance as well as a replacement.

PV-powered water pumps (PVP) (Fig. 24) offer a promising
alternative in relation to the drawback of diesel pumps.
Powered by renewable solar energy, they are not subject to price
hikes. While supply can vary due to cloudy periods, long-term
consistency of supply is ensured as the time of greatest water
demand usually coincides with the maximum available solar
energy. Furthermore, the absence of moving parts offers
high reliability at little maintenance requirements. Ethiopia,
located in the tropics, has high solar radiation which makes the
technology very relevant. Despite these advantages the uptake
of PVP remains low mainly because of cost and market access.
Both technology options require a replacement of the pump
after 10 years. The costs for replacing the diesel generator are
nearly equal to the cost of an inverter. In terms of mainte-
nance, diesel systems are more expensive with an approx-
imate 6 % of installed hardware costs p.a. compared to 1 % for

Figure 24: Solar pump linked to drip system in central vift valley (Photo credit: Amare Haileslassie).
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PV-powered pumps due to repairs and auxiliary materials.
Figure 25 illustrates the result of life cycle assessment of the two
technologies. The key difference in life-cycle-costs, however, is
due to operating costs. These consist of costs for personnel (3
times higher for DPP compared to PVP) and fuel. The costs of
the latter for DPP outweigh PVP-related operating costs by a
factor of 20 despite a moderate diesel price at 0.61 €/L and
price-escalation calculated at 2 %. Annualized, the life cycle
of the different technology choices is presented in Figure 25.

300.000 € ——3kW PVP

——3kw DPP

200.000 €
——15kW PYP

Life-Cycle Costs

——15kwW DPP
100.000 €

——A45kW PVP

0¢ ——45kw DPP
1 2345 67 8 91011 121314151617 181920
Years

Figure 25: Life cycle assessment of cost of
diesel pump and PVP by their power.

As the amount of water supplied and other costs (such
as, labor, agronomic practices and related costs) differ by
irrigation method, it helps to do a comparative analysis
between the different water application methods. For
example, the drip system would provide precision in
water application leading to a decreased water loss from
wind and evaporation, hence the long-term advantages
would be lower energy, operating costs and water savings.

Results /Evidence: The overall result shows that investment
in solar pumps is profitable, given that a minimum land size
is available. As solar energy is a clean (zero-carbon) energy,
the technology is very much consistent with the Ethiopian
Government Climate Resilient Green Economy (CRGE)
strategy. The profitability of the technology depends on
crop type and water delivery system where the drip system
was found superior to the furrow and overhead systems.
Our data also shows that land size matters implying that a
minimum land size is required for a viable investment in
solar pump irrigation, but the minimum required land size
itself depends on different factors, including type of water
application system, crop type, discount rate and location.
Because access to affordable financing is crucial for small-
holder farmers, microfinance institutions can serve as a more

Figure 26: Water application system tested, for solar pump illustrated in Figure 25 (left over head appli-
cation, middle furrow and left drip system) (Photo credit: Amare Haileslassie).

9.1.2. Example of demonstration
of solar pump in Ethiopia

The International Water Management Institute (IWMI),
through the Livestock and Irrigation Value Chain (LIVES) and
Africa Research In Sustainable Intensification for the Next
Generation (Africa RISING ) projects has piloted eight solar
pumps, for smallholder irrigation with selected farm house-
holds in Oromia and the SNNP regions in the rift valley basin.
The aim of the pilot was to demonstrate and test
whether solar pumps can provide smallholder farmers
with an affordable and irrigation water
pumping. Solar pump panels capture the sunlight
and convert it into electricity which drives the pump.

sustainable

reliable source of finance than the formal banking system.
Although high initial investment cost is a potential barrier
for smallholder farmers to adopt the technology, cost
sharing can be a solution, especially if additional investment
is made in drip systems where land size can increase to
about half a hectare. Moreover, partnerships between key
actors including rural financial institutions are essential
for a positive outcome of investment in solar pumps.
While one can argue that commercialization is essential
for sustainable market growth, targeted subsidies are
needed at early stages until competitive prices are reached.
In general, a solar pumping system has many advantages
including its negligible operating cost. Because there is no
fuel required for the pump, such as electricity or diesel, the
operatingcostisminimal. Awell-designedsolarpumprequires
little maintenance beyond cleaning of the panels once a week.
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However, the technology has some limitations including: i) the
technology piloted is not suitable for large scale commercial
irrigated farms unless the capacity is augmented by adding
more panels which in turn increases the investment cost,
ii) the water yield of the solar pump changes according to
the sunlight. It is highest around noon and least in the early
morning and evening. However, for countries like Ethiopia
located on the equator with long (about 10) hours of sunlight
per day, this problem is less likely to be a limiting factor.
We recommend that attention should be given to the
system of irrigation water distribution and application to
the crops. For example, our pilot experiment shows that
when solar pumps are supplemented with a drip system,
the size of irrigable land is almost doubled as compared to
furrow and overhead irrigation and minimizes water loss
and thus show higher net present value (Fig. 27). Equally
important is its effect of reduced labor use per hectare.

250,000
200,000

150,000

NPVs

100,000

50,000

Drip- Furrow-  Overhead- Overhead-  Overhead- Overhead-
pepper pepper  pepper  (abboge  Carrot fodder

W Discount rate (15%) 221294 30323 27061 16889 25817 4626
1 Discount rate (15%) 191100 25531 22464 13587 21378 2885
Discount rate (15%)| 145670 18375 15619 8696 14772 354

Figure 27: Profitability analysis of solar pumps.

Critical thinking and
discussion points:
v Discuss the different advan-

tages and disadvantages of

different water lifting systems.
v Discuss each of the different

water application techniques (

drip, furrow and overhead) .

5.2. Drip system

5.2.1. General

Drip irrigation is one of the most efficient methods of
irrigation today. It delivers water at the plant location,
frequently and at a volume of water approaching the
consumptive use of the plant. The unproductive depletion
(evaporative loss) is minimal as drip system water application
is at the root zone and frequent, and it therefore maintains
an optimum moisture level in the soil. The term “trickle” and
“drip” are interchangeably used to describe such a system. The
system delivers water by a pipe distribution network under low
pressure (usually less than 40 m head). Water distribution and
application in the field is by a small diameter flexible plastic
lateral pipes (LDPE) with devices called ‘emitters’ or ‘drippers’
connected at selected spacings. Drip systems are usually,
most suitable in areas where water is scarce. It is also the
preferred water application technique under high-value crops
or in areas where topographical and other conditions might
preclude the successful use of other types of irrigation systems.

Some of the advantages of drip irrigation systems are that
they save water, fertilizers, operating costs and reduce weed
infestation due to wetting of lesser soil volume. They also
enhance plant growth and yield as the soil volume is always
in near optimum conditions. As water is only applied at
localized places, it is a suitable system for irrigating leafy
vegetables. Further, as the application is at or near to the
plant location, there is more control of water by the system;
it avoids sensitivity to wind, evaporation from soil and plant
canopy, and leaf diseases and leaf burns. Drip systems have
also several agronomical and agro-technical advantages. Due
to partial wetting of the soil, it suppresses weed growth and
reduces compaction of the soil. The system can be operated
with less energy and operating cost. The system enables
application of liquid fertilier and pesticides with water.

Disadvantages of drip systems include that the emitters are
prone to clogging unless the water is filtered before it gets
into the system. The lateral pipes are prone to mechanical
and rodents’ damages. The system has no influence on the
microclimate unlike the sprinkler system. As the application
is more frequent, crop damage is more likely if irrigation is
interrupted. For optimum crop growth, drip irrigation is
suitable under the following conditions.

W Drip irrigation is adaptable to any farmable slope,
whether uniform or undulating. The lateral pipes
supplying water to the drippers should always be laid
out along the land contour whenever possible. This will
minimize the pressure variation among drippers and
provide uniform irrigation.

B A good clean supply of water, free of suspended
sediments, is required to avoid cloggig of drippers.

B Drip irrigation is suited for most row and tree crops.
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B The drip system is best suited to sandy soils with high
infiltration rates although it is adaptable to most soils
due to possibility of a more frequent application of
water than surface and sprinkler systems.

5.2.2. Family drip system

Drip irrigation systems are classified into surface systems,
subsurface systems, overhead systems and bubbler systems.
The most used system in sub-Saharan Africa is the family
drip system and it is usually of surface type. A surface drip
system is a system in which drippers and laterals are laid
on the soil surface (Figure 28). The commonly used drippers
in this system are online drippers (pressure compensating
or non-compensating), in-line drippers and microtubes.
The choice of these drippers depends on the type of crop,
topography, availablity of labour, and soil type. This system
is the most poular and therefore discussed in this guide.
To support adoption of drip systems by the small farmers,
a surface system that is low-cost, low-tech, low-pressure
(gravity) drip systems are introduced by NGOs like the Interna-
tional Development Enetrprice (iDE) in developing countries
in Africa and Asia. They are family drip systems that come with
a complete kit for irrigating areas up to 500m?. A pump is not
required. The water source is an elevated water tank (reservoir)
thatservesasapressureregulatorand fertilizer injection point.

Figure 28: Model family surface drip system.

Subsurface drip irrigation (SDI) is the irrigation of crops
through buried lateral pipes containing embedded emitters
located at regular spacings. There are a wide variety of
configurations and equipment used, however, drip tubes
are typically located 15 to 25 cm below the soil surface. SDI
is most widely used for the irrigation of both annual row
crops, and field crops in the USA and permanent crops in
Israel. Due to the high initial cost and intensive management
requirement, its adoption has, however, proceeded slowly.

5.2.3. Crop Water Requirements, ETc

The amount of water which evaporates from wet soils and
plant surfaces together with the plant transpiration is called
evapotranspiration (ET). Its value is largely determined
by climate factors, such as solar radiation, temperature,
humidity and wind, and by the environment. Out of the total

ET, evaporation accounts for about 10 percent and plant
transpiration for the remaining 90 percent. Crop water
requirements encompass the total amount of water used in
evapotranspiration. Alternative approaches for estimating
the evapotranspiration include the radiation, Penman and
pan methods. Reference evapotranspiration (ETo) repre-
sents the rate of evapotranspiration of green grass under
ideal conditions, 8-15 cm tall, with extensive vegetative
cover completely shading the ground. It is expressed as
a mean value in mm per day over a period of 10 to 30 days.
The most practical method for determining ETo is the pan
evaporation method. Although there are computer-based
estimations of ETo, because of its practicality, in this manual,
we focus only on the pan evaporation method (Fig. 29).
This approach combines the effects of temperature, humidity,
wind speed and sunshine. One of the best known pans are the
Class A evaporation pan (circular- Fig. 30 ). The evaporation
from the pan is very near to the evapotranspiration of grass
that is taken as an index of ETo for calculation purposes. The
pan direct readings (Epan) are related to the ETo with the
aid of the pan coefficient (Kp), which depends on the type of
pan, its location (surroundings with or without ground cover
vegetation) and the climate (humidity and wind speed). Hence,

ET =E,xK, e e e e G 6

Where,
ET = Reference evapotranspiration, mm
EP = Pan evaporation, mm
kp = Pan coefficient

Figuvre 29: Class A pan.

For the Class A pan, the average kpan is 0.70. In order
to relate ETo to crop water requirements (ETc), the
specific crop coefficient (kc) must be determined:

ETC EOXKC q
Where,

ET = Evapotranspiration demand of the crop, mm

k = Crop coefficient
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The crop coefficient (kc) depends on the crop leaf area and its
roughness, the stage of growth, the growing season and the

Critical thinking and
prevailingweather conditions (Fig. 30). There are normally four

stagesofplantgrowth —theinitialstage, the developmentstage, d JSCLSSICH) po Ints:

the mid-season stage and the late season stage. Table 3 presents V From local class A weather
the ke values for different crops at various growth stages.

station, you have an average

pan evaporation reading

Ke of 1500 mm. Estimate the

ETo for the circular pan.

Estimate the crop water

requirement of young

bananas and repeat the

same exercise for lettuce.
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Figure 30: Crop coefficient curve. water hurvesting) to grow

bananas on 10m2? Repeat
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Table 3: kc values for different crops at various growth stages.

Crop Initial Crop development Mid-season Late and harvest
Bean (green) 0.35 0.70 1.0 0.9
Bean (dry) 0.35 0.75 1.1 0.5
Cabbage 0.45 0.75 1.05 0.9
Carrot 0.45 0.75 1.05 0.9
Cotton 0.45 0.75 1.15 0.75
Cucumber 0.45 0.70 0.90 0.75
Eggplant 0.45 0.75 1.15 0.80
Groundnut 0.45 0.75 1.0 0.75
Lettuce 0.45 0.60 1.0 0.90
Maize (sweet) 0.40 0.80 1.15 1.0
Maize (grain) 0.40 0.75 1.15 0.70
Melon 0.45 0.75 1.0 0.75
Onion (green) 0.50 0.70 1.0 1.0
Onion (dry) 0.50 0.75 1.05 0.85
Pea (fresh) 0.45 0.80 1.15 1.05
Pepper 0.35 0.75 1.05 0.90
Potato 0.45 0.75 1.15 0.75
Spinach 0.45 0.60 1.0 0.90
Squash 0.45 0.70 0.90 0.75
Sorghum 0.35 0.75 1.10 0.65
Sugar beet 0.45 0.80 1.15 0.80
Sugar cane 0.45 0.85 1.15 0.65
Sunflower 0.35 0.75 1.15 0.55
Tomato 0.45 0.75 1.15 0.80
Crop Young Mature

Banana 0.50 1.10

Citrus 0.30 0.65

Apple, cherry, walnut 0.45 0.85

Almond, apricot, pear, peach, pecan, plum 0.40 0.75

Grape, palm tree 0.70 0.70

Kiwi 0.90 0.90

Olive 0.55 0.55

Alfalfa 0.35 1.1
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Module - 6: Productive

use of water ?

6.1 Productive use of water
for crop and livestock

With increasing population, change in diets and climate
change, the challenge of shrinking freshwater resources
will persist. By 2030 Ethiopia will be one of the countries
in the world where physical water scarcity dominates.
Obviously, with agriculture (combined crop and livestock)
withdrawing the bulk of fresh water, targeting the practices
of efficient use of fresh water would benefit agriculture
and other sectors competing for the same water resources.
This saving could be lower when we target single commod-
ities (e.g. crop or livestock). In Ethiopia, livestock and
crops are highly integrated (at least for major highland and
mid-highland areas (Haileslassie et al., 2015). A significant
proportion of crop residues are used for animal feed and
manure inputs into the crop system, which enhances nutrient
recycling. With expansion of irrigation into the pastoral
system, there is increasingly high-level complementarity.
arguments, in this
efficient use

In view of these module, we

of water in crop-livestock
systems  to complementarities and
level productive use of water at the landscape level.
Rockstrém and Barron (2007) suggested that the challenges

to improve water productivity (WP) of crops in rainfed

present

show system-

systems are: i) to increase plant water uptake capacity; and
ii) to increase plant water availability. However, in efforts
to improve mixed-crop livestock systems WP, this is only
one part of the equation. Integrating livestock into farming
system water management strategies and following a water
productive livestock management practice is important
for maximizing WP (Peden et al., (2007); Descheemaeker
et al., (2010); Haileslassie et al., (2009)). According to these
authors: i) following a feed sourcing and feeding regime
that can positively impact the livestock feed demand-
supply side and that can regulate the contact between
livestock and the environment ii) improving the WP of the
feed and; iii) improving the productivity of livestock, are
an important trajectory to improve the WP of a system.
The following sections give details of these interventions.

6.1.1. Improving water productivity
of crop and feed

a) Increasing plant water availability: increasing
water availability is the first step in efficient use
of water. Techniques for increasing plant water
availability involves soil and water conservation and
water harvesting and improved drainage (please see
the previous section on in-situ and ex-situ water
harvesting techniques). These practices improve
plant water availability through reducing runoff,
increasing infiltration, and distributing water across
space and time (Alemayehu et al., 2008; Erkossa et
al., 2020). Particularly, improved drainage creates
opportunities for productive uses of excess water
and reduces stress (due to waterlogged conditions
and limitation on oxygen availability) and thus
enhances vigorous plant growth and associated water
uptake. Many Ethiopian smallholders have benefited
from the Broad Bed Maker (BBM) technologies.

ILRI’s and IWMI experience in semi-arid parts of
Ethiopia show that integrating ex-situ water harvesting
and productive livestock breeds provide farmers with

a prolonged green fodder supply for their livestock
(Figure 31). This involves, planting multiple-cut, high
quality forage species. Over time this intervention

has increased farmers’ incomes and land-water
productivity value manifold. Lessons can thus be

learnt from previous efforts to enhance performance
and adoption of rainwater harvesting technologies.

b) Enhancing plant water uptake: Plant water uptake
capacity can, to a large extent, be improved through
crop and soil management (Rockstrém and Barron,
2007). The target is to optimize depth and density
of roots and development of canopy to increase the
proportion of water flowing as productive transpi-
ration. In this regard, for food crops, numerous

2 Extracted from Haileslassie et al., (20015).
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Figure 31: Targeting and integrating interventions and engaging the community in managing landscapes (Photo credit: Amare Haileslassie).

agronomic practices are feasible: improved tillage,
crop rotations, crop choice, intercropping, weeds

and pest management, plant breeding and genetic
development (compare the integrated and optimi-
zation approach highlighted earlier). The point here is
whether farmers in your farming systems have adopted
such practices and how far these practices would be
relevant to fodder crops and grazing lands in rainfed
smallholder systems. There are several animal feed
management technologies that are tested and proven
to affect plant water uptake capacity. These include:

i) Improving species diversity and composition:
Different plant species vary in their vertical and
horizontal leaves and root structures. Plants on
species diverse grazing lands and crop lands
have different water depletion zones and thus
less competition for water. Thus, grazing land
management activities that involve frequency,
seasonality, and selectivity of grazing affect species
diversity and thereby plant water uptake capacity.

ii) Grazingland management: From three years of
on-farm experiments, in the central highlands of
Ethiopia (Ginchi, closer to Jeldu), Mewandra et
al., (1997) showed that grazing intensity is key in
affecting plant species composition and biomass.
This same study further elaborated that medium
grazed plots displayed a better plant composition
and productivity. However, community-managed
grazing land in Ethiopia does not seem to follow
these principles, and mechanisms for dealing
with this as common pool resources is lacking.

Other relevant questions include whether animal species
diversity, which increases the probability of selective feeding
on different plant species, could increase the overall grazing
land and water productivity. A number of mechanisms have
been proposed to explain observations of enhanced Dry
Matter (DM) productivity under diverse plant species: diverse
species could be complementary in resources uptake (e.g.
water) either in space or in time. They also have a higher proba-
bility of containing more competitive and highly productive
species and thus would enhance community biomass.

Desheemeaker et al., (2010) has indicated that grazing land
enclosures significantly improved the biomass yield and
therefore the livestock water productivity. But such practices
may increase species richness to a certain level and enclosed
grazing lands may experience decline in species diversity
with age. This may question the long-term sustainability of
such practices on system WP in general and Livestock water
productivity (LWP) in particular.

iii) Productive and more nutritive species: If the target
of increasing plant water uptake is to improve
LWP, species selection (for diversity) must consider
their productivity and feed values as criterion.
In this regard Haileslassie et al. (2011) suggested
that Metabolizable Energy (ME)3 denser feed
sourcing can save a significant volume of water.

In the past decades considerable efforts have been made to
improve DM yields and quality of forage species of grazing
lands in Ethiopia: by testing the adaptability of different
species of pasture and fodder crops under varying environ-
mental conditions. As a result, many useful species have been
selected for the different altitudinal belts and production

3 Metabolizable Energy (ME) is the net energy remaining after fecal and urinary energy loss, and represents the energy available for growth or
reproduction and for supporting metabolic processes such as work (locomotion) and respiration (thermoregulation, maintenance metabolism, HIF)
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systems in Ethiopia (Lulseged et al., 1985). In addition
to the feed quality traits, these forage species could be
multi-cut and the growing period is longer, and this creates
opportunities for better water uptake and thus converts the
evaporative green water losses to productive transpiration.
Among the selected grass species, Rodes grass (Chloris gayana)
Guinea grass (Panicum maximum) and Napier grass (Penni-
setum purpureum) are highly productive, their annual DM
yieldsranging between 10 and 15 Mgha-'. Moreover, in suitable
areas, yields of oat-vetch mixtures are commonly more than 8
Mg ha-1 and that of fodder beet ranged from 15-20 Mg ha-1
(Lulseged et al., 1985). Although we do not have actual figures
on DM yields of oat, in the teff system of Jeldu, we observed
a poor crop performance. Focusing on those high yielding
varieties can reduce competition for space with the food crops.

Among the selected forage legumes, spurred butterfly pea
(Centrosema virginianum) and cowpeas (Vigna unguic-
ulata) have been identified as potential species for cut
and carry systems of feeding. These are good to plant
on farm boundaries and also on physical conservation
structures. Species recommended for under-sowing in
perennial cash crops (e.g. coffee) or cereals (e.g. maize and
sorghum) are Desmondium (Desmodium intortum, and
Desmodium uncinatum) and Rhodes grass (Lazier, 1987).

In addition to the grasses and legumes, useful browse
species including pigeon pea (Cajanus cajan), glricidia
(Glricidia sepium) and, sesbania (Sesbainia susba) and
leucena (Leucena leucocephala), have also been selected
for the purpose of hedge planting (Lazier, 1987; Lulseged,
et al., 1985). In one of the study areas, Descheemaker
et al.,, (2010) illustrated an improvement in LWP as a
result of on farm integration of shrubs like pigeon pea.

iv) Soil fertility management: This is an important
intervention be it on crop land or grazing land. Soil
fertility management includes physical, chemical
and biological management. It is a requirement
to have a vigorous plant growth and thus better
water uptake. In many farming systems soil acidity,
alkalinity and nutrient depletion are universal issue.

While fertilizer trials are common for crop land, its appli-
cation and research on grazing land is rarely observed. A major
argument is whether fertilizer on grazing land would pay off
under current levels of animal productivity. There is promising
results on effects of stages of harvesting and application of N
fertilizer on DM yield of natural pasture in Fogera. Fertilizer
application increased the DM yield by 36% and CP by 11.89%.
In this respect, the relation between nutrient supply and water
uptake are related. For example under low-nutrient condi-
tions, pearl millet evapotranspiration efficiencies are roughly
one-third of those obtained under higher nutrient input,
suggesting that transpiration efficiency is also reduced by
environmental stress including poor soil fertility and acidity.

Mewandra et al., (1997) suggested that application of manure

improved the DM yield. But in many areas of Ethiopia, there
is strong competition for manure (for household energy).
However, as part of plant diversity enrichment, oppor-
tunity for silvo-pastoral interventions can be explored.
Research evidence suggests that integration of legume and
cereal fodder crops will have multiple effects: it improves
the feed quality (e.g. CP) and also increases the DM yields
through improved nutrient inputs and better water uptake.

6.1.2. Improving feeding and feed sourcing regimes

Improved feed management involves the following key aspects:

i) Improving feed quality and practicing supplementary
feeding: For improved LWP, both quantity and quality
of livestock feed is important. Such activities may
involve selection, intercropping, chemical treatment
and chopping of coarse residues. The higher the
feed quality the less is the total dry matter demand
by livestock (e.g. Haileslassie et al., 2011) and by
implication this reduces the competition for space
and water. For example, Haileslassie et al., (2011)
illustrated that by improving feed quality (from 7
to 8.5M] kg-1) as much 120 m-3 of water cow-1yr -1
can be saved. Assuming 1.09 kg m-3 grain WP (e.g.
in rice-based system (Descheemaeker et al., 2010)),
feeding a poor-quality feed has an opportunity cost
of 130 kg of grain. Descheemaeker et al., (2010) also
reported, for the rice system in Fogera, improvement
in LWP when crop residues were treated with urea.

Currently, grazing land feed quality is deteriorating because
of overgrazing and flooding. Experiments show that through
enclosure and managed grazing lands, DM productivity and
species diversity can be improved. Except during the wet
season of active growth, pasture plants are of low nutritive
value. Production gains made during pasture growth are
totally or partially lost during the dry season as feed supplies
and quality declines. This will obviously affect the value of
LWP. Thus, in addition to physical and chemical treatments,
proper timing of harvesting and feed storage will contribute
to maintaining the quality of feed in all study systems.

Normally Crude Protein (CP) content of less than 90 g/kg DM
of diets will result in reduced rumen’s microbial activity which
leadstoareductionindegradationofcell walls andlowered feed
intake. Most of the Ethiopian dry forages can only give about
62.09 g CPkg-1 DM of diet, which is far below the requirement.
Thus, when dry forages are used without supplements, the
microbial requirements are rarely met. However, there is
a potential for supplementing low quality feeds by locally
available protein-rich forage legumes (e.g. compare species
diversification of grazing land and intercropping proposed)
and agro-industrial by-products. This will improve the digest-
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ibility and associated DM intake and thus helps the animal to
perform to its genetic potential and therewith increases LWP.

ii) Limiting animal movement: Limiting animal
movement helps to reduce the amount of energy
livestock require and thus the total DM intake. This
in turn, reduces the water investment in livestock
feed and thus increases LWP. In the rice system,
Descheemaeker et al., (2010) and Haileslassie et al.,
(2010) reported ~ 12% of the Metabolizable Energy
(ME) consumed by livestock are used for walking in
search of feed and water. If we assume the average
ME density of feed resources (teff 8, sorghum 7.4,
chickpea, 6.6, maize 6.8 MJ kg-1 (Descheemaeker
et al., 2010)), the energy needed for walking is
equivalent to 1 kg DM. Taking a feed WP of 0.89kg
m-3 and a livestock holding of 3.2 Tropical Livestock
Units (TLU) per household into account, the water
invested in walking would be 1230 m? per household
per year or equivalent to an opportunity cost of 1340
kg of grain. The scenario can be even more water
saving in the highland areas as the terrain is steeper
and the climate is cooler and crop water productivity
(CWP) could be higher, if the soil is not a limiting
factor. Although the practice of cut and carry system
helps to implement the concept of limiting animal
movement, it has a tradeoff (e.g. labor requirement).

iii) Quality drinking water supply: Water is an important
but often overlooked nutrient for livestock. In all study
systems, livestock must move long distances to reach
drinking water and in most cases the distribution is
unsystematic and not synchronized with feed availa-
bility. In addition to the negative influences on animal
productivity, such circumstances increase daily ME
demand of the livestock and thus reduce LWP. For
example, a cow weighing 250kg and walking 5 km on a
5% slope may need 3 M] ME d 1 which is equivalent to
0.5 kg feed or 0.5m-3 of water per day. In terms of the
current livestock holding per household, this is a signif-
icant volume which could be used for other livelihood
or ecosystem services. In view of this, drinking water
supplies (e.g. community ponds compare ex-situ water
harvesting) could have multiple beneficial effects:
increasing assimilation of ingested feed and reducing
overall feed demand (Descheemaeker et al., 2011)).

In addition to the demand side, feed supply management
through enhancing virtual water transfer and optimum
feeding are important feed management strategies to improve
LWP in landscapes.

4 TLU is reference unit which facilitates the aggregation of livestock from various species and age as per
convention, via the use of specific coefficients established initially on the basis of the nutritional or feed 37

requirement of each type of animal. 1 TLU is equivalent to 250kg of liveweight of animal
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Module 7: Socio-economic

considerations

1.1. Governance of natural
resources at landscape scale

Governance, from a natural resource perspective, refers to the
norms, institutions and processes that determine how power
and responsibilities over natural resources are exercised
(Clementetal., 2011). Itis about how men, women, indigenous
people, and local communities participate in decision making
and benefit from natural resources management (NRM). Rules
and norms could be both formal and informal. Unwritten social
norms, customs or traditions that shape thought and behavior
is referred to as informal rules and norms. Written constitu-
tions, laws, policies, rights, and regulations and formal rules
and norms. These are normally enforced by official authorities.

In many instances, formal and informal rules and norms
can be complementary, competing or overlapping. Under
many circumstance development practitioners tend to
prioritize formal institutions, viewing informal ones as
separate and often detrimental to development outcomes.
Whether they are relatively strong/weak or inclusive/
discriminatory is likely to depend on context. In some cases,
informal institutions undermine formal ones; in others they
substitute for them. Informal social norms often shape the
design and implementation of formal state institutions.
In the context to Ethiopia the major challenges
related to governance of NRM at landscape scale are
related to common property resources (CPR). Local
CPR include grazing lands, threshing grounds, lands
temporarily taken out of cultivation, inland fisheries,
irrigation systems, woodlands, forests, tanks, ponds etc.

The need for greater levels of integration, coordination, and
attention to multi-scalar (spatial and temporal) phenomena
are among the characteristics of environmental and natural
resource policy regimes that necessitate the development of
new governance arrangements. Some of the principles that
need to be considered in good governance of NRM involve:
B Refers to the validity of an organization’s authority to
govern.

B Transparency refers to: (i) the visibility of decision-
making processes; (i) the clarity with which the
reasoning behind decisions is communicated; and (iii)
the ready availability of relevant information about
governance and performance in an organization.

W Accountability refers to the allocation and acceptance of

responsibility for decisions and actions; and the demon-
stration of whether and how these responsibilities have
been met.

Inclusiveness refers to opportunities available for stake-
holders to participate in and influence decision-making
processes and actions.

B Fairness refers to (i) the respect and attention given
to stakeholders’ views; (ii) consistency and absence of
personal bias in decision making; and (iii) the consid-
eration given to distribution of costs and benefits of
decisions.

B Integration refers to (i) the connection between, and
coordination across, different governance levels; (ii)
the connection between, and coordination across,
organizations at the same level of governance; and (iii)
the alignment of priorities, plans and activities across
governance organizations.

B Capability refers to the systems, plans, resources, skills,
leadership, knowledge and experiences that enable
organizations, and the individuals who direct, manage
and work for them, to effectively deliver on their respon-
sibilities

B Adaptability refers to: (i) the incorporation of new
knowledge and learning into decision-making and
implementation; (ii) anticipation and management of
threats, opportunities, and associated risks; and (iii)
systematic reflection on individual, organizational and
system performance

In the context to landscapes there are a great deal of CPRs that
directly and indirectly relates to productive use of water. This
involves for example water resources and irrigation schemes
management. Since detail is provided in course number one on
naturalresourcesgovernance,thissectionwillrefertoirrigation
scheme and water user association in the context to Ethiopia.

1.2. Governance — Irrigation
Water User Association
(IWUA) focused

Irrigation has increasingly become an important component
of agricultural system in Ethiopian agricultural landscapes.
Both formal and informal norms and institutions exist in this
regard. In terms of formal institutions, the IWUA procla-
mation creates a specific legal basis for the establishment of

38

5 This is extracted and shortened from Lempériere et al., (2014). More detail can be accessed on http://www.iwmi.cgiar.org
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Irrigation Water Users’ Associations (IWUAs) as a legal entity
for operation and management of irrigation and drainage
systems. The pre-existing legal framework in Ethiopia (i.e.
cooperatives and associations proclamations) does not
provide an appropriate legal basis for IWUA establishment.

The mandate of IWUAs is the provision of irrigation water
to its members for agricultural purposes. It has a public
interest nature because (1) IWUAs provide irrigation water to
a large number of people — communities - and (2) they very
often use public irrigation infrastructure, i.e. infrastructure
built with public money and owned by the government.

Public law is the body of legal rules that regulates the conduct
of state bodies including central and local government as
well as bodies that undertake specific public functions such
as public agencies, universities, hospitals, etc. based on
specific laws. Therefore, IWUAs are situated between the
public and the private sector. They are self-governing, setting
their own tariffs and making their own decisions as well as
their operating rules. In accordance with their mandate,
the tasks of IWUAs are strictly limited to management,
operation and maintenance of an irrigation and drainage
system and watershed management / protection. IWUAs
are not permitted to undertake any other activities such
as the procurement of agricultural inputs or marketing of
the commodities produced within the irrigation system
they manage. Such activities are of a private nature. It is up
to each farmer to decide how to procure inputs or market
crops. This may be done individually or collectively through
a marketing cooperative (or more than one cooperative, if
needed). The supply of irrigation water is different: only one
IWUA can operate within an individual irrigation system.
Water is provided by the IWUA and no other body or agency.

IWUAs operate within a precisely delimited service area. It
shall comprise a distinct hydraulic unit such as the command
area of an irrigation system, part of the command area
(secondary or tertiary unit) of a large irrigation scheme or
part of a watershed. In most cases the service area will be the
command area of the irrigation system that an IWUA operates
and possibly the watershed upstream of the command area.

Compulsory IWUA membership: Every person who, on the basis
of a land right, uses land located within the service area of
an IWUA is a member of the IWUA. Compulsory membership
is essential to ensure IWUA sustainability. With surface
irrigation it is difficult in practice to prevent non-members
from“free-riding” or benefiting fromirrigation water (and even
more so from drainage or watershed management services)
without paying. Compulsory membership is a major difference
between IWUAs and cooperatives or ordinary associations.

Membership is permanently linked to the land plots located
within the Service Area of an IWUA. In other words, the
membership obligation is not personal to the land holder
or user as such; it is linked to the land which he/she uses.

IWUAs are non-profit organizations: In many aspects, IWUAs
are service providers; they provide irrigation water
to their members who pay for this service (irrigation
service fee). For economic sustainability, it is essential
and compulsory by law that each IWUA carries a financial
surplus to build up a reserve fund to cover emergency
repairs, replacement costs etc. To be clear on the non-profit
nature of IWUAs, the Proclamation prohibits the distri-
bution to members of any surplus income accruing to the
IWUA; all surplus income must be paid into the reserve
fund for uses limited to the irrigation and drainage systems.

1.3. Relations of INUAs with
other stakeholders

1.3.1.  IWUAs supervising body

The State has the right (and the duty) to ensure that IWUAs
operate lawfully and correctly in the public interest. To
this end, the Proclamation requires each Regional State to
establish an IWUA Supervising Body. The regional supervising
bodies are tasked to be the entities in charge of irrigation.
The supervising bodies will undertake two categories of
activities: (1) extension activities and (2) legal and financial
supervision. Certain extension activities may be delegated
to other public or private entities or persons including:
B Providing training and awareness creation in connection
with the establishment of IWUAs.
B Providing technical assistance and support to IWUAs
including that related to water management, mainte-
nance, financial management and gender issues.

1.3.2. Relation of INUAs with the local government

Local governments (kebele or woreda administration) have an
important role in supporting the establishment and operation
of IWUAs. For instance, the local government can assist an
IWUA in sanctioning wrongdoers, recovering outstanding
payments of the irrigation service fee, or preventing
unauthorized encroachment on the irrigation infrastructure.
However, those actions are limited to support provided on
the request of the Management Committee of an IWUA. It
is very important that local government does not become
intimately involved in the functioning of IWUAs and that
it does not try to interfere or influence decision-making to
protect the non-political nature of irrigation and drainage.

1.3.3. Transfer in use of irrigation
infrastructures to IWUAs

In Ethiopia, like many other countries, the main justi-
fication of the transfer of irrigation infrastructure to
users is to limit government budget expenditure and to
institutionalize irrigation cost recovery by water users.
It is also generally expected that transfer of irrigation
management will contribute to improving the performance




STOCKHOLM INTERNATIONAL
WATER INSTITUTE

and increasing the sustainability of irrigation systems.
However, international experience has shown a number
of constraints to achieving the ideals; Ethiopia is not an
exception. The transfer approach does not apply to traditional
irrigation schemes entirely built and managed by farmers.

1.4. Roles and responsibilities
of INUAs

14.1. Tasks of INUAs

The IWUA tasks are all related to operation and mainte-
nance of the irrigation and drainage system located
within its service area. IWUAs cannot engage in any other
activity such as marketing products or the provision of
agricultural inputs. Roles and related tasks of IWUAs
can be sorted into three categories: (1) governance,
(2) operation and maintenance, and (3) management:
1. Governance (or social management): This role relates to
the role and responsibilities of the General Assembly:
election of members of governing bodies, approval
of budgets, action planning, and preparing annual
reports, and adoption and amendment of regulations
that govern day to day activities of an IWUA. Examples

of operational rules include rules related to water
distribution, maintenance of irrigation infrastructures,
type and level of sanctions for violation of the rules,
and defaults of payment of the irrigation service fee.
2. Operation and maintenance (O&M): This role
include all activities that deal with planning, imple-
mentation and monitoring of water distribution
and maintenance works, controlling soil erosion
and soil fertility, and training IWUA members in
irrigation techniques and/or water saving methods.
3. Management relates to the administration of
the IWUA and the financial management.

Confusion between governance and management activities
must be avoided. For instance, the IWUA budget is approved
by the General Assembly (governance) and then imple-
mented by the Management Committee (management). An
extensive list of IWUA activities is found in the table below.

The main management tools of IWUAs to plan, implement and
monitor their activities are (1) maintenance plans, (2) water
distribution plan and (3) budgets. Other factors that need to
be considered when establishing IWUAs include sources of
revenue, operating principles, gender aspects and inclusion
of women, as well as by-laws and internal regulations.
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Table 4: List of IWUAs activities

Category

Activities

Governance
(or social
management)

1 Set up the objectives of the IWUA taking into account members needs and interests
2 Formulate strategies to reach the IWUA’s. objectives

3 Set and/or modify internal regulations

4 Amend IWUA by-laws

5 Elect the members of the General Assembly and the governing bodies
6 Approve annual/seasonal action plan and corresponding budget

7 Approve annual/seasonal financial and activities report

8 Internal audit of the IWUA finance

9 Solve conflicts between the IWUA and it's members

10 Arbitrate conflicts among IWUA members

11 Approve contracts with external service providers

12 Approve change of the IWUA service area

13 Approve the reorganization or dissolution of the IWUA

Operation &
maintenance

14 Regular inspections of irrigation infrastructures and equipment (i.e. pumps)

15 Prepare the annual/seasonal action plan for maintenance of infrastructures and equipments
16 Make sure that building material and spare parts for maintenance activities are available

17 Carry out routine, seasonal and emergency maintenance works

18 Monitor maintenance activities

19 If need be, monitor modernization or rehabilitation works and replacement of worn out equipment
20 Prepare an annual/seasonal plan for water distribution

21 Monitor the implementation of the annual/seasonal water distribution plan

22 Measure and monitor irrigation water use

23 Prepare annual/seasonal actctivities report

24 Adopt and use indicators for monitoring O&M

28 Identify and mitigate the risk of damage tt:o irrigation infrastructures and equipment

26 Identify and mitigate the risk of soil erosion, soil salinity

27 Train member in irrigation techniques

Management

28 Enforce IWUA by-laws and operational rules

29 Prepare annual/seasonal budget including the amount of the irrigation fee

30 Book keeping (accounting)

31 Make regular inventory and manage stocks of building materials, machinery and spare parts, fuel
32 Recover irrigation fees and apply sanction for non or late payment

33 Prepare annual/seasonal financial reports

34 Hire, supervise and pay IIWUA employees

3S Pass and monitor contracts with external service providers

36 Implement communication procedures within the IWUA

37 Keep IWUA archives

38 Any other activites assigned by the Genral Assembly or the Management Committee
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8. Summary

Increasing population and climate change are putting pressure
on scarce freshwater resources. Predictions show that many
African countries will be under economic and physical water
scarcity by 2030. Productive use of water and land is advocated
tobuildaresilientlandscape. Productive use of waterisaprocess
which combines different steps of adaptive management.

The different modules in the course are organized system-
atically and in logical order to enable cross-fertilization of
ides across the modules. One of the major challenges for
practitioners are the number of concepts, approaches and
associated scientific jargon that have emerged over time.
The conceptual understanding of agricultural landscapes,
systems, and watersheds, which is the starting point for
this manual, is an important foundation for the training
process. It helps to link day-to-day activities of the trainees
to science and brings the class to the same level of under-
standing and makes the teaching learning process simpler.

Approaches to water productive and resilient landscape are
diverse and can be very complicated. In many cases, they
are context specific and choosing approaches relevant to
the context of the trainee and relevant for water productive
landscapes is an important step in the training. Thus, this
training manual focuses on approaches that complement
each other where water is a production input (e.g. system/
livelihood) and appears as an interface and medium of
material flows between landscapes (rainfed, irrigation
continuum) components (upstream, downstream, upper

slope, mid-slope and valley bottom) and keep the landscape
components connected. It could also be these approaches
that facilitate landscape connectivity (e.g. value chain).

Planning and developing landscapes are a complex process
because of the diversity of landscapes (both socially and
bio-physically). This emerges from the heterogenous nature
of the resource endowments and the livelihood expectation
of the people in a landscape. Thus, an understanding of the
landscape intensification pathway is required. In view of its
heterogeneity there could be diverse pathways, for better off,
medium, and poor farmers, or for upstream and downstream
farmers who have different access to water. These devel-
opment pathway clusters are closely linked to technology
options. Governance is cross-cutting and influences (policy
wise) the development pathways and technology options. This
is where inclusiveness and transparency in decision making
and benefits from collective water management are ensured.

A critical point to keep in mind is that this training manual
and the course it supports cannot solve every problem related
to landscape water productivity and resilience. It is just the
beginning of the long and recurring journey. Its effectiveness
depends not only on how we design and offer the training
but also on follow-up (particularly coaching and mentoring
of the practical applications), monitoring of impacts and
use of documented evidence to shape future directions. This
will enable evidence-based decision making and adaptive
learning for sustainable management of landscapes.
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