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It is widely acknowledged that the world is currently experiencing an
unprecedented water shortage, with agriculture being a crucial contributor.
This paper presents a synthesis of available evidence, identify knowledge gaps,
and make a state-of-the-art synthesis on green water management in Ethiopia. A
systematic review methodology was implemented, encompassing the
compilation and analysis of peer-reviewed and gray literature. The paper
demonstrates that rainfed agriculture, which relies on “green water” (soil
moisture from rainfall), accounts for 80% of cultivated land and 60-70% of
global crop production. However, green water management has not received
adequate attention in water policy and land rehabilitation programs in Ethiopia,
where irrigation is limited. The analysis reveals a large yield gap and water
productivity gap for major crops like maize, sorghum, and wheat in Ethiopia’s
rainfed agriculture. Increasing crop yields through better soil, water, and crop
management practices can significantly improve water productivity, offering
"windows of opportunity” to enhance food and water security. Thus, a
paradigm shift from the traditional narrow focus on soil erosion control
towards an integrated green-blue water management approach in water and
agricultural policies and programs is urgently required. Increased investments
and expertise in green water management at the government level are crucial.
Optimizing the use of green water resources in rainfed farming can also unlock
Ethiopia's export potential while improving domestic water and food security
through strategic virtual water trade. In conclusion, the review highlights
unlocking the potential of green water resources through targeted investments
and policy support for rainfed agriculture can significantly contribute to
Ethiopia's water and food security objectives in a cost-effective and
environmentally sustainable manner.
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1 Introduction

The world is facing an unprecedented water crisis. Among the
key factors influencing this situation are agricultural water
management problems. The current global water demand for all
uses is approximately 4,600 km3 per year. However, this demand is
expected to increase by 20% to 30% by the year 2050, reaching
between 5,500 and 6,000 km3 per year. This increase will be driven
by factors such as economic development, population growth, and
changing consumption patterns (Burek et al., 2016; WWAP, 2018).
Globally, water use for agriculture currently accounts for 70% of the
total freshwater withdrawals. With rising water demands for food
production, intensifying competition for water resources, and the
projected impacts of climate change, there is an urgent need to find
new approaches to water management (WWAP, 2016). Since
agriculture is the largest consumer of water, enhancing
agricultural water productivity is viewed as one of the most
crucial strategies for addressing current and future water scarcity
issues (Rockstrom et al., 2009; Molden et al., 2010).

Agriculture serves as the primary engine driving economic
growth and ensuring food security in Ethiopia. In 2010,
agriculture contributed significantly, approximately 46%, to the
country’s gross domestic product (GDP) (MoFED, 2010). In
recent years, this sector has accounted for approximately 34% of
the GDP. The agricultural and forestry sectors engage a significant
labor force of 35.5 million individuals, accounting for 63.7% of total
employment. Ethiopia’s agricultural landscape comprises nearly
18.6 million hectares of cropland, with the per capita cropland
area averaging a modest 0.15 hectares in 2021. The country’s cereal
production reached 30.1 million tonnes in 2021. However, Ethiopia
remains heavily reliant on cereal imports, having imported
approximately 3.3 million tonnes of cereals in 2021. Rainfed
agricultural land covers 59% of Ethiopia’s total land area, 33% of
which is currently cultivated (Kassawmar et al,, 2018). The term
“rainfed areas” refers to regions where reliable rainfall is adequate to
sustain crop cultivation and crop-livestock mixed farming systems.
These production systems are dominated by smallholder farmers
practicing rainfed agriculture with a high degree of land
degradation and climate variability (Teferi et al., 2023). The levels
of food insecurity and undernourishment in the nation are
substantial. Between 2020 and 2022, an estimated 26.4 million
individuals faced undernourishment, with over one-fifth (21.1%)
of the population experiencing severe levels of food insecurity
(FAO, 2023). Given the significant contribution of agriculture to
the economy, employment, and food security, developing this sector
through investments, technological advancements, infrastructure
improvements, and policy support is critical for Ethiopia’s overall
development and the well-being of its population.

The productivity of cereals in Ethiopia is very low, with average
cereal yields ranging from 1.7 to 3.7 t/ha (Central Statistics Agency
of Ethiopia (CSA), 2018). There is a yield gap between on-station
yield and actual farm yield (Mann and Warner, 2017). For example,
in Ethiopia, the national average yield gaps for maize, wheat, and
sorghum were 10.25, 6.06, and 4.85 t/ha, respectively (http://
www.yieldgap.org/ethiopia). Such large yield gaps suggest
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untapped potential for yield increases. As reported by Rockstrom
(2003), in the low-yield range, there is great potential to improve
water productivity (up to fivefold). Water productivity increases
dramatically, from ~ 2 kg grain/mm at ~ 0.5 t/ha yield to ~ 10 kg
grain/mm of evapotranspiration flow at ~ 3 t/ha. Despite the great
potential for upgrading rainfed agriculture, investments to reduce
yield gaps and increase water productivity are lacking. Such an
improvement in water productivity by increasing crop yield offers
‘windows of opportunity’ for countries such as Ethiopia, as more
frequent dry spells and droughts are occurring due to the
changing climate.

Studies indicate that various factors contribute to the gaps
between actual and potential crop yields. Van Dijk et al. (2017,
2020) outlined four components of the total yield gap: (1) the
technical efficiency yield gap, (2) the economic yield gap, (3)
the allocative yield gap, and (4) the technology yield gap. The
major contributor to the yield gap was identified as the technology
yield gap, which was partly caused by farmers’ limited adoption and
use of fertilizers and improved seed varieties. Although factors
related to technology adoption, such as in-creased input use and
the adoption of new agricultural technologies, account for the
largest portion of the total yield gap (Van Dijk et al., 2020; Assefa
et al,, 2020), socioeconomic factors (e.g., profitability) are also
important for reducing yield gaps. Reducing the technology yield
gap also requires consideration of biophysical characteristics such
as soil erosion, rainfall variability, low soil water holding capacity,
low soil infiltration, and poor water and nutrient uptake by crops
(Rockstrom and Falkenmark, 2000). Crucially, land degradation
(Teferi et al., 2023) and increasing rainfall variability driven by
climate change pose a significant threat to national food security in
Ethiopia. Projected increases in temperature and rainfall variability
due to climate change, leading to recurrent droughts and dry spells
(IPCC, 2007), have been reported as causes of crop failure or yield
reductions in semiarid and dry subhumid tropical regions in general
(Barron et al, 2003). For regions in the equatorial tropics, an
increase of 1°C in the mean temperature is linked to a 10%
reduction in crop yields (Sova et al, 2019). Additionally, soil
erosion, resulting in soil losses of 1.5 to 2 billion tonnes annually
(35 t/ha), directly impacts food production in the Ethiopian
highlands, estimated at a monetary value of US$1 to 2 billion per
year (Sonneveld, 2002). Traditional agricultural practices on
croplands are considered major factors affecting the high level of
soil erosion (Sonneveld and Keyzer, 2003). For example,
conventional tillage practices in the Ethiopian highlands have
been frequently reported as major contributors to soil erosion,
low infiltration and low agricultural productivity (Hurni et al., 2005;
Temesgen et al., 2009).

If agriculture is to meet the challenge of feeding more than 9
billion people by 2050 while still leaving sufficient water available
for other uses, it will be necessary to protect and optimize the
management of all the different forms or “colors” of water (e.g.,
blue, green, ultraviolet, white, and gray) represented in the
hydrologic cycle (Savenije, 2000; Schneider, 2013). This type of
classification provides a comprehensive framework to account for
all components of the water cycle and human interactions with
water resources. This holistic view is crucial for integrated water

frontiersin.org


http://www.yieldgap.org/ethiopia
http://www.yieldgap.org/ethiopia
https://doi.org/10.3389/fagro.2025.1418024
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Teferi et al.

resource management. Within this framework, green water,
represents the rainwater stored in unsaturated soil, which is
utilized for biomass growth (e.g., Savenije, 1999; Hoekstra, 2019;
Falkenmark and Rockstrom, 2006), as opposed to blue water which
denotes liquid water in lakes, rivers, wetlands, and aquifer systems
(Rockstrém, 1997; Rockstrom and Falkenmark, 2000). In addition
to green water and blue water, there is also white water, gray water,
and ultraviolet water. White water refers to the portion of rainfall
that is intercepted and immediately evaporates back into the
atmosphere, as well as nonproductive evaporation from open
water bodies and soil surfaces (Savenije, 2000). Gray water is the
return flow, such as sewage from cities and industries, that flows
back into rivers or percolates into aquifers. Virtual water is the
water consumed in the production of traded goods and products
(Allan, 1993). Ultraviolet water is a term first introduced by Savenije
(2000) to refer to this concept of virtual water contained in
traded products.

Green water in Ethiopia, where rainfed agriculture dominates is
very important and crucial for agricultural expansion and increased
productivity (Hoekstra and Mekonnen, 2012). Unfortunately, the
country’s agricultural sector faces severe issues in the efficient
management of green water resources. Through the optimization
of green water resources, Ethiopia has the potential to improve crop
yields, enhance water productivity, and enhance food security
(Rockstrom and Falkenmark, 2000; Rockstrom, 2003). This will
require a shift from conventional blue water focused practice to
comprehensive practices which accounts for green water as a key
component in the system’s inherent water cycle.

Improving water productivity in the agricultural sector is crucial
for enhancing the livelihoods of smallholder farmers in Ethiopia. To
this end, the Government of Ethiopia (GoE), in collaboration with
multiple development partners, has implemented various
interventions in agriculture. These include the ongoing efforts of
the Agricultural Transformation Institute (since 2010). These
programs aim to boost agricultural productivity and support
sustainable water management practices among smallholder
farmers. It is worth noting that these interventions were
concentrated on rainfed agriculture until 1995, after which the
focus shifted.

Although these efforts have resulted in many ecological benefits,
they have fallen short in addressing the pressing issue of closing the
yield gap. Notably, the primary focus of nearly all projects has been
on mitigating soil erosion and reversing land degradation, with
limited attention devoted to boosting crop productivity and
bridging the yield gap. While rainwater is a major contributor, by
enabling agricultural production, to the livelihoods of smallholder
farmers, it has not received adequate attention in water policy and
in land rehabilitation programs (Hagos et al., 2011; FDRE, 2013;
Planning and Development Commission, 2020). The past and
present focus of Ethiopia’s water management has been on
constructing irrigation infrastructures and overseeing blue water
resources, which can be costly endeavors. The current practice of
not giving proper attention to rainfed agriculture aligns with
Ethiopia’s Ten Years Development Plan (Planning and
Development Commission, 2020). The development plan aims to
shift away from a reliance on rainfed, green water-based agriculture

Frontiers in Agronomy

10.3389/fagro.2025.1418024

toward increasing irrigation (blue water) infrastructure and
expanding large-scale, mechanized farming by smallholders
acquiring more land. Little focus has been given to improving the
productivity and management of existing rainfed, green water
agricultural systems.

The concept of green water management is not new to Ethiopia.
What is new is the need to increase awareness among all
stakeholders about its potential large-scale impacts on agricultural
productivity. Despite its importance, green water is likely the most
undervalued resource of all water resources and is often not featured
on the water agenda. There is no state-of-the-art synthesis that
presents research results, gaps and future directions on green water
management in the country. The relative im-portance of green
water use in relation to food security and water security has been
noted by many researchers (Falkenmark and Rockstrom, 2004; Keys
and Falkenmark, 2018). Dile et al. (2018) reviewed research
conducted in Ethiopia with an emphasis on advances in blue
water resources research. They high-lighted the different types of
hydrological models applied in Ethiopia and the availability of
runoff, groundwater recharge, sediment transport, and tracer data.
Asmamaw (2017) reviewed the impacts of conservation tillage on
water balance and crop yield in Ethiopia. The review, however, did
not cover all aspects of green water management; instead, it focused
on one part of green water management, especially conservation
tillage. The studies mentioned previously did not concentrate on or
address the management of green water resources. Therefore, this
review focuses on two closely related topics: the yield gap in rainfed
agriculture and the management of green water resources,
highlighting the importance of green water management in
addressing the yield gap in rainfed agriculture. Using a systematic
review methodology, this study examines the current state of
knowledge on green water management and its impact on
addressing the yield gap in rainfed agriculture. The findings of
this review are relevant to policymakers, agricultural water
management researchers, and practitioners seeking to improve
crop yields and promote sustainable agriculture in rainfed areas,
particularly in Ethiopia.

2 Methods

To gain a comprehensive understanding of research on green
water (referring to rainwater stored in the soil), a systematic review
process was undertaken. Systematic reviews are valuable for
synthesizing trends and extracting key findings from large bodies
of information (Petticrew and Roberts, 2008). The review
concentrated on peer-reviewed journal publications as well as
other relevant technical and programmatic publications (known
as “gray” literature) related to green water management. During the
initial screening stage, three inclusion criteria were applied: (1) the
search criteria are indicated in the search string in Table 1; (2) the
publication was written in the English language; and (3) the
publication focused on rainfed agriculture.

In the data collection stage, these criteria were converted into a
search query that was designed to identify and retrieve publications
focused on green water concepts and related indicators. Both
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TABLE 1 Search string used in Scopus and the number of publications and grey literature included for the review.

Sub theme

Search string

Number of
publications
screened

Number of publications
retained for analysis

Scopus database

General issues on Green water

green water and green water”

Green Conservation agriculture

water indicators

“green and blue water” OR “blue 763 260

“conservation” AND “agriculture” 16 5
OR “tillage” AND “Ethiopia”

AND “Ethiopia”

Ex situ water harvesting

General issues on Green water

green water and green water”

scientific publications and relevant technical and programmatic
publications (gray literature) were targeted. The search string
summarized in Table 1 was used to search peer-reviewed
literature (i.e., scientific journals) from the Scopus database.
Scopus (https://www.elsevier.com/solutions/scopus) was selected
because of its large archival of rainfed agriculture journals. The
search returned 763, 16, 71, 23, 48, and 4 publications on green
water, conservation agriculture, drought, water productivity, in situ
water harvesting, and ex situ water harvesting, respectively, that met
the four inclusion criteria. The literature search was restricted to
publications from January 2000 through December 2019. We chose
this search period because the concept of green water management
has gained significant attention in the past two decades (Cosgrove
and Rijsberman, 2000). To capture “gray” literature, we searched,
among others, the International Water Management Institute
Library Catalog (https://www.iwmi.cgiar.org/publications/library-
catalog/), the FDRE Ministry of Agriculture website, the World
Bank e-library (https://elibrary.worldbank.org/) and the United
Nations (http://www.unilibrary.org) repositories. A total of 45
gray literature samples were obtained from Google Scholar, which
is widely known as a good source of gray literature (Giustini and
Boulos, 2013).

After a thorough screening process, a total of 358 publications
were retained for this review, consisting of 313 publications from
Scopus and 45 from Google Scholar. Bibliographic data from these
358 publications were compiled using the Mendeley Desktop
Reference Manager software for in-depth analysis. Additionally,
to answer research questions related to virtual water and water
footprints, data were obtained and analyzed from http://
www.yieldgap.org/ and https://www.trademap.org. The first
author and the second author of this paper independently
assessed each study against the predefined eligibility criteria. This
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“terrace” OR “bund”

Google Scholar database

Agricultural/meteorological drought “drought” AND “Ethiopia” 71 24
Green water productivity “aridity” AND “Ethiopia” 23 11
In situ water harvesting “soil and water conservation” OR 48 10

“Rainwater” OR “water” AND 4 3
“harvesting” AND “Ethiopia”

“green and blue water” OR “blue 450 45

Total 1375 358

dual-assessment approach aimed to minimize errors and reduce the
potential for individual biases to influence the selection process.
Inclusion decisions were based on a thorough evaluation of the full
texts of potentially eligible studies.

We employed a systematic and iterative process to synthesize
trends and extract key findings. Firstly, we conducted a descriptive
analysis of the extracted data to identify patterns and themes. We
then used a thematic analysis approach to categorize and code the
data, using a set of predetermined codes and themes related to green
water management. To ensure consistency and accuracy, we used a
data extraction form to collect and organize the data from each
publication. The form included fields for publication characteristics,
interventions, outcomes, and conclusions. We also used a coding
scheme to classify the publications according to their focus on green
water management, conservation agriculture, drought, water
productivity, and in situ and ex situ water harvesting. We then
used a narrative synthesis approach to synthesize the findings across
the publications. This involved identifying and describing the main
trends, patterns, and relationships in the data, as well as
highlighting any inconsistencies or gaps in the existing literature.
A PRISMA flow diagram to illustrate the overall process of
literature search and screening is presented in Figure 1.

3 Results and discussion

The following sections present the findings and insights from
the analysis, which are organized into three key themes. Firstly, we
examine the significance of green water to water and food security,
reviewing the current state of knowledge in academic literature and
its relevance in water resource assessment. Secondly, we provide an
overview of the current state of rainfed agriculture intervention in
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FIGURE 1

PRISMA flow diagram.

Ethiopia, highlighting the challenges and opportunities in this
context. Finally, we explore pathways to improving green water
management in rainfed agriculture, with a focus on strategies to
enhance water productivity, harness virtual green water, invest in
green water management, and implement water harvesting and
supplemental irrigation techniques. These findings and discussions
provide a comprehensive understanding of the role of green water
in addressing water and food security challenges in
rainfed agriculture.
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FIGURE 2

u Local

3.1 Green water in the academic literature

An analysis of the number of publications on the topic of ‘green
water’ over the last two decades (2000-2019) revealed a steady
increase since 2010 (Figure 2). As publications were identified
through a systematic process, this increasing trend suggests a
growing scholarly interest in the concept of green water. Overall,
approximately 53% of all the publications reviewed were published
in the past four years, i.e., between 2015 and 2019. Most of the

National m Global

Peer-reviewed articles on green water by spatial scale: A summary of the literature reviewed, illustrating the relative emphasis on local, regional, and

global scales in green water research.
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studies (45%) were conducted at the local level, followed by the
global scale (36%) and the national level (19%).

A closer look at the most highly cited publications on green
water in the Scopus database revealed that the majority of these
impactful works were published in journals focused on hydrology,
water resources, or ecological economics during the period from
2006 to 2011 (Table 2). The first publication that stands out in terms
of the number of citations (Mekonnen and Hoekstra, 2011) is a
study on the water footprint of crops.

3.2 The relevance of green water in water
resource assessment

Estimates based solely on blue water (surface and groundwater)
suggest that a large portion of the world’s population will face
absolute water scarcity in the coming decades (IWMI, 2000; Siebert
and Doll, 2010). However, these estimates fail to account for green
water (soil moisture from rainfall), which constitutes the majority of
the water consumed in agriculture. Projections indicate a 60%
increase in green water use and a 14% increase in blue water use
for agriculture in sub-Saharan Africa by 2050 (Rockstrom et al., 2009;
Falkenmark and Rockstrom, 2006; Hoff et al., 2010). Several
researchers analyzing both green and blue water availability have
found that many countries previously assessed as severely water
stressed can actually produce sufficient food for their populations if
green water resources are appropriately accounted for and managed
effectively (Hoff et al., 2010; Mekonnen and Hoekstra, 2011; Gerten
et al,, 2011). Solely relying on blue water underestimates the total
fresh-water resources contributing to food production. While more
than 3 billion people were estimated to face chronic shortages of blue
water resources in 2000, this number decreased dramatically to less
than 300 million (or 4.5% of the population) when green water
resources from rainfall were also considered (Rockstrom et al., 2009).

10.3389/fagro.2025.1418024

3.3 Green water in water footprint analysis

The “water footprint” is a concept initially introduced by
Hoekstra and Hung (2002) and further developed by Hoekstra and
Chapagain (2008) to quantify the total volume of freshwater utilized
in producing the goods and services consumed by a country. Water
footprint analysis provides a framework for assessing water
requirements for production and identifying water saving
opportunities, contributing to better water resource management
(e.g, Vanham et al, 2013; Ercin and Hoekstra, 2014). The water
footprint consists of three components: the green water footprint,
which is the rainwater consumed and is especially relevant for crop
production; the blue water footprint, which is the consumption of
surface and groundwater resources; and the grey water footprint, an
indicator of freshwater pollution calculated as the volume needed to
assimilate pollutant loads based on water quality standards. Water
footprint analysis offers a comprehensive way to evaluate total
freshwater appropriation and identify more sustainable water use
across the green, blue and grey components.

3.4 Overview of rainfed agricultural
interventions in Ethiopia

Table 3 shows that the percentage of agricultural land increased
from around 30.5% in 1995 to 34.09% in 2020 in Ethiopia. Similarly,
the arable land percentage and arable land area have also increased
over the years, while the arable land per person has decreased
slightly. The increasing trend in agricultural land and arable land
suggests that more land is being utilized for agricultural purposes
over time in Ethiopia.

Historically, agricultural investments in developing countries
have prioritized irrigated lands and high-rainfall areas with the goal
of boosting food production. Even in high-rainfall regions, the main

TABLE 2 Overview of the most cited peer reviewed articles about green water, receiving > 300 citations in Scopus until June 2020.

Reference Title

Mekonnen and Hoekstra, 2011

Rost et al., 2008
global water system

The green, blue and grey water footprint of crops and derived crop products

Agricultural green and blue water consumption and its influence on the

Journal # of Citations

Hydrology and Earth 716
System Sciences

Water Resources Research 413

Chapagain et al., 2006

Falkenmark and
Rockstréom, 2006

Siebert and Déll, 2010

Rockstrom et al., 2009

The water footprint of cotton consumption: An assessment of the impact of
worldwide consumption of cotton products on the water resources in the
cotton producing countries

The new blue and green water paradigm: Breaking new ground for water
resources planning and management

Quantifying blue and green virtual water contents in global crop production
as well as potential production losses without irrigation

Future water availability for global food production: The potential of green
water for increasing resilience to global change

Ecological Economics 382
Journal of Water Resources 350
Planning and Management

Journal of Hydrology 324
Water Resources Research 317
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TABLE 3 Evolution of agricultural land in Ethiopia.

10.3389/fagro.2025.1418024

Agricultural land (% of land area) 30.5 30.53
Arable land (% of land area) 9.94 9.87
Arable land (1000 hectares) 9940 9872
Arable land (hectares per person) 0.17 0.15

29.76 31.62 32.89 34.09
11.36 1291 13.93 14.35
12823 14565 15721 16195
0.16 0.16 0.15 0.14

Source: World Bank (2023).

focus has been on using improved seed varieties and fertilizers
instead of regenerative agriculture practices. This approach of
concentrating investments in irrigated and high-potential areas
has been driven by donor agencies and organizations providing
development aid and financing for agriculture in these countries.

Over the last five decades, the Ethiopian government and
various development partners have implemented several
initiatives to boost agricultural productivity in the country
(Figure 3). These initiatives include the Comprehensive Integrated
Package Projects (CIPP, 1967-1975), the Minimum Package
Program (MPP-I and II, 1971-1985), the Peasant Agricultural
Development Programme (PADEP, 1986-1995), the Participatory
Small-scale Irrigation Development Programme (PASIDP I and II,
2008-2024), the Agricultural Growth Programs (AGP I and II,
2011-2020), the Small and Micro Irrigation Support (SMIS) Project
(2015-2019), and the Agricultural Transformation Institute (ATI)
Projects (2010-to date).

1967-1975

Comprehensive Integrated
Package Projects (CIPP)

Agricultural Growth Programs

N _®_

3.4.1 Comprehensive integrated package
projects, 1967-1975

Several comprehensive pilot package projects have been
implemented since 1967 (Tessema, 2000): the Chillalo
Agricultural Development Unit (CADU), which later became the
Arsi Rural Development Unit (ARDU); the Wolayita Agricultural
Development Unit (WADU); and the Ada’a Woreda Development
Project (ADDP). The comprehensive package approach focused on
high potential areas and relied on external donor inputs to improve
agricultural productivity of rainfed agriculture. Prior to the early
1970s, the Ethiopian government’s strategy to boost agricultural
production focused on promoting large commercial farms and the
use of capital-intensive machinery. The implementation of the
comprehensive package approach proved to be excessively costly,
making it financially impractical to replicate this model of
integrated rural development in other regions of the country. The
experience from a comprehensive package approach implemented
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(MPP- and 11)
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Evolution of agricultural interventions in Ethiopia: a visual representation of the country's progress, from traditional practices to modern innovations.
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through projects such as CADU had (1) generated evidence that
small-scale farmers and tenants could contribute to national growth
if they were supported with technologies; (2) promoted a shift in
agricultural policies from large-scale commercial farming to peasant
agriculture; (3) provided the experience and insight underlying the
design of the country-wide, smallholder-focused Minimum Package
Project that began in 1971; and (4) influenced the reorganization of
the Ministry of Agriculture.

3.4.2 The minimum package program

The minimum package program (MPP) was established in 1971
to provide a basic package of fertilizer, seeds, credit and advice to
smallholder farmers of rainfed agriculture within 5 km of all-
weather roads, as the earlier CADU-ARDU projects were too
costly. Approximately 10% of the farmers in the MPP I group
(1971-1978) lived along main roads. It was implemented by the
Extension and Project Implementation Department (EPID) under
the then Ministry of Agriculture and Settlement (World Bank,
1979). The basic unit was the Minimum Package Project Area
(MPPA), which typically covers approximately 10,000 farmers
within a 5 km radius on either side of a 75 km all-weather road
stretch (with one extension worker for every 2,000 farmers). Five
such units constituted the MPP area. The MPPAs varied
considerably in factors such as ecological conditions, land tenure,
market access, and population density. By 1974, EPID had reached
50,000 out of Ethiopia’s total 5 million farmers at the time (less than
10% of farmers lived along major roads). By 1974, the EPID had
extended MPP projects to all provinces of the country, with 48
MPPAs and 347 marketing centers. In this way, MPP I succeeded in
supplying fertilizers and basic extension messages to farmers with a
high potential of 280 weredas (World Bank, 1979).

Recognizing the need to expand to more smallholders, MPP II
(1981-1985) aimed to increase productivity through fertilizer,
improved seeds and soil and water conservation across 440
woredas in six major agroecological zones (Ibrahim, 2004). It
introduced a non-fertilizer package with innovations such as row
planting, better land preparation, weed/pest control, mulch and
manure use and soil and water conservation. Under MPP I, the
distribution of farm inputs to farmers in the project area was
handled mainly by the EPID through its marketing centers, but in
MPP 1I, the EPID was terminated, and the peasant associations
emerged as forces for development in the rural areas. In essence, the
MPP transitioned from a localized fertilizer-focused approach to a
nationwide program integrating improved seeds, agronomic
practices and catchment-based soil and water conservation for a
wider reach to smallholders.

3.4.3 Peasant agricultural development
programme (1986-1995)

The Peasant Agricultural Development Program (PADEP) was
designed to support the continuation of the largely successful MPP-
II that was phased out in 1985. The program aimed to provide
smallholder farmers of rainfed agriculture, organized into
approximately 2,900 farmer service cooperatives, with agricultural
inputs, credit facilities, and extension services following the training
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and visit extension system approach (World Bank, 1988). Although
the Government’s Ten-Year Perspective Plan (TYPP, 1985-1994),
which was issued in 1984, emphasized the importance of the
peasant sector and the implementation of the PADEP,
smallholders were left out of agricultural growth due to
producers’ cooperatives receiving most of the extension services
and input supplies during the Derg regime (Ibrahim, 2004).

Previous projects focused on conventional seed-fertilizer
packages with the aim of increasing crop yields, mostly in high-
potential zones of rainfed agriculture. Recognizing that different
agroecological zones need location-specific interventions, the
PADEP classified the country into eight development zones.
However, only the programs for Gojjam, Gonder, Wellega,
Ilibabur, Kefa, Arsi, Bale, and Central Shewa secured funding and
were implemented. To avoid the exclusion of low-potential,
degraded highlands from PADEP, an alternative conservation-
based development strategy was developed based on the findings
of the Ethiopian Highland Reclamation Study (EHRS) (World
Bank, 1988). Thus, two types of PADEPs were identified: those in
the high-potential areas (Type I) and those in the low-potential and
low-food deficit areas (Type II). In the degraded highlands,
activities, including stone terraces, soil bunds, tree planting, gully
rehabilitation and closure of hillsides, were undertaken by
campaigns involving peasant associations under a food for
work system.

3.4.4 Participatory small-scale irrigation
development programme

The PASIDP was implemented from 2008 to 2015 to improve
the food security, family nutrition, and income of poor rural
households living in drought-affected and food-deficit areas in
Tigray, Amhara, Oromia, and the Southern Nations, Nationalities
and Peoples Region (SNNPR) of Ethiopia through a sustainable
farmer-owned and farmer-managed system of small-scale irrigated
agriculture. The PASIDP I project constructed a total of 121
irrigation schemes (i.e., 12,000 ha) and benefitted approximately
62,000 households (Garbero et al, 2016). The project comprises
three main components: (a) small-scale irrigation scheme
development, (b) agricultural development and (c) institutional
capacity development. Although the agricultural development
component involved activities such as watershed-based soil and
water conservation, no emphasis was given to the ecological/
environmental aspects of the project (Garbero et al., 2016).

The PASIDP II (2017-2024) has an overall goal of increasing
prosperity and improving resilience to shocks in food insecure areas
of Ethiopia. The project achieves its goal and objective through the
implementation of three components: the use of irrigation
infrastructure, the adoption of watershed management practices
and the participation of farmers in capacity-building activities. The
project was designed based on the assumption that poor farmers
who are provided with access to a secure irrigation production base
and access to markets and services will be able to produce and
market greater volumes of crops in a profitable manner. The
watersheds adjacent to the irrigation schemes are also included in
the project to improve their productive capacity and enhance their
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resilience. The PASIDP II envisages the development of
approximately 18,400 ha of small-scale irrigation.

The PASIDP follows a landscape approach to watershed
management where both irrigation command areas and rainfed
upstream areas adjacent to irrigation schemes are managed
(Garbero et al.,, 2016). The PASIDP has demonstrated its
relevance, particularly through the use of irrigation infrastructure
as an effective climate risk management strategy, capacity building,
the establishment of more than 175 water user associations, the
adoption of biophysical watershed management measures and the
adoption of different climate-smart agriculture (CSA) practices,
such as agroforestry, integrated soil fertility, conservation
agriculture and forage development and the construction of
alternative water sources for adjacent upstream micro watersheds.
Alternative sources of water are constructed to benefit upper stream
communities and some households living adjacent to irrigation
plans. An alternative source of water will enhance the agricultural
productivity of farmers and avoid conflicts between upper stream
communities and WUAs.

3.4.5 Agricultural growth program

The Agricultural Growth Programs (AGP I and II) from 2011-
2020 aimed to increase agricultural productivity and market access
for key crop and livestock products. AGP I covered 96 woredas in
high-potential areas of the Amhara, Oromia, SNNP and Tigray
regions, while AGP II expanded to 167, including the woredas of
Gambela, Benishangul Gumuz, Harar and Dire Dawa prioritized
based on market access, natural resource endowment, and irrigation
potential (World Bank, 2017). The focus was on generating
appropriate technologies through research, developing
smallholder irrigation, and improving agricultural marketing and
value chains. The key investments included small-scale irrigation
development, water harvesting, microirrigation, irrigation
management, and watershed management. As a result, the AGP
supported irrigation and drainage services across 26,528 ha through
small-scale schemes and microirrigation. Another 10,190ha
received improved or rehabilitated irrigation and drainage
treatments. Watershed management practices were adopted
across 217,000 ha of land under the project (World Bank, 2017).
In essence, AGP facilitated market-oriented agricultural growth in
high-potential areas through strategic investments in smallholder
irrigation, natural resource management, and value chain
development over a decade.

The AGP encountered several significant challenges, including
frequent organizational instability within government agencies, an
absence of quality control mechanisms for small-scale irrigation
projects, inadequate government support for private and public
water work enterprises, and ineffective contract management
practices. These challenges could result in the development of
unsustainable irrigation infrastructure. Furthermore, the program
neglected rainfed agricultural areas, despite its stated goal of
promoting agricultural growth. By overlooking the majority of
small-holder farmers who rely on rainfed agriculture and who
contribute significantly to the nation’s overall food production,
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the AGP undermined inclusive growth and failed to address the
needs of vulnerable rural communities.

3.4.6 Agricultural transformation
institute projects

The Agricultural Transformation Institute (ATI), formerly
ATA, was established in 2010 to identify constraints in
agricultural development and recommend solutions (FAO, 2020;
Diriba and Man, 2019). It focuses on the Agricultural
Transformation Agenda and Agricultural Commercialization
Clusters (ACC) initiative (Louhichi et al., 2019). The ATI has
implemented approximately 48 innovative and large-scale
strategic projects in the areas of soils, irrigation, mechanization,
value chains, seeds, access to markets and rural finance to
smallholder farmers and has conducted more than 250 strategy
and policy studies, including mechanization, seeds and inputs,
irrigation, fertilizer and agricultural strategies (FAO, 2020). These
projects are mainly crop-focused or livestock-focused: the
Production & Productivity Projects and Agribusiness & Markets
Projects. Notable initiatives include the following:

*  EthioSIS for localized fertilizer recommendation replacing
the usual practice of blanket recommendations.

* ACC for promoting modern inputs such as improved seeds
and access to credit/mechanization in 300 woredas for 9
priority crops. (i.e., wheat, maize, sesame, malt barley and
horticulture crops - tomato, onion, banana, mango and
avocado) (Louhichi et al.,, 2019).

» Efforts to boost agricultural mechanization through
strategies, reducing import duties, and promoting tef
row planters.

* Deploying 50 automatic weather stations for advisories
through the Agromet project.

While ATI has made progress in various areas, there are
concerns about its approach: (1) it has focused mostly on market-
oriented, high-potential areas while neglecting the majority of
smallholder farmers; (2) through the promotion of the Agri-
cultural Commercialization Clusters (ACC), ATI has encouraged
unsustainable cropland use by reducing crop rotation practices; and
(3) residual moisture-based crops such as grasspea and chickpea,
which are important for smallholders, have been completely
ignored from research and development interventions. Thus, a
more comprehensive strategy is needed, one that can make
smallholder farmers productive within their existing rainfed
farming practices without requiring capital-intensive options. This
strategy should cater to the needs of the large majority of
smallholders, promote sustainable cropland use, and include
crops that are suitable for residual moisture conditions.

3.4.7 Small and micro irrigation support project
The Small Scale and Micro Irrigation Support Project (SMIS)

was implemented in Tigray, Amhara, Oromia and Southern

Nations, Nationalities and People's Region (SNNPR) from 2015-
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2019 with funding support from the Embassy of the Kingdom of the
Netherlands and the Government of Canada. The objective of the
SMIS project was “to ensure that the concerned public and private
institutions within each of the four regional states have the
institutional, human and technical capacity required for gender-
responsive identification, planning, design, construction and
management support of sustainable SSI systems and micro-
irrigation schemes in a coordinated manner and according to the
adopted integrated watershed-based approach” (Jebelli, 2021). The
main focus of the SMIS was in the capacity development for
planning, design, construction and management of gender-
responsive SSIs and micro-irrigation schemes.

The SMIS project adopted a watershed-based approach, rather
than a scheme-based approach, for identifying and mapping small-
scale irrigation sites and evaluating the water balance within the
catchment area. Furthermore, 34 guidelines and manuals were
developed to address the inconsistencies and variations that
existed in the study, design, and implementation procedures for
small-scale irrigation (SSI) projects. These disparities were
prevalent across regions, among professionals within the same
region, and even within the same institution. The primary reason
for these discrepancies was the lack of standardized technical
guidelines that were widely accepted and followed.

3.5 Pathways to improving green water
management in rainfed agriculture

The pathways presented in this section were identified through
a combination of literature review and synthesis of the state-of-the-
art research on green water management. While some of the
pathways were explicitly identified as such in the literature, others
were derived from our analysis of the relationships and interactions
between different components of green water management. By
synthesizing the findings from multiple studies and identifying
patterns and trends, we were able to identify key pathways that
are critical to effective green water management. These pathways
are not necessarily mutually exclusive, and some may overlap or
intersect with one another. However, they represent a
comprehensive and coherent framework for understanding the
complex relationships between green water management and its
various components.

3.5.1 Pathway 1: emphasis on improving
water productivity

Improving water productivity holds significant potential for
enhancing smallholder livelihoods by maximizing soil water
availability and improving crop water uptake. Poor land and
water management practices are major contributors to low water
productivity in the drylands of sub-Saharan Africa, where up to 70-
85% of rainfall may be effectively lost and unavailable for crop
utilization (Rockstrom et al., 2007; Liniger et al., 2011). According
to Rockstrom (2003), large yield gaps are not primarily caused by a
lack of rainfall itself but rather result from poor land water
management practices stemming from a complex interplay of
factors. These factors include hydroclimate challenges such as
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droughts and dry spells, deficiencies in crop management
practices, and inadequate crop protection measures against pests,
diseases, and weeds (Rockstrom and Falkenmark, 2000; Rockstrom,
2003). Additionally, soil constraints such as low infiltrability and
water holding capacity limit water availability for crops. These
challenges are often exacerbated by human-induced land
degradation and poor land use decisions. Addressing these
multifaceted challenges requires an integrated approach
encompassing improved drought and dry spell management,
enhanced soil and water management strategies, and optimized
crop management practices to improve water productivity
(Rockstrom, 2003). By tackling these interconnected factors
through holistic interventions, it is possible to mitigate the large
yield gaps and low water productivity prevalent in the semiarid
regions of sub-Saharan Africa.

The implementation of comprehensive measures of increasing
water productivity is expected in any Green Water Management
(GWM) program implemented in Ethiopia. The focus of most
projects has been on reducing soil erosion, and less attention has
been given to increasing water productivity. In any efforts of land
and water management programs, practices that can enhance water
productivity should be emphasized. Surface runoff generated within
a watershed should be harvested and used as a valuable resource for
agricultural activities through water harvesting techniques and
conservation tillage practices. Rather than solely concentrating on
soil conservation measures, where excess runoff is seen as a threat
and diverted away from farmlands using cutoff drains, the focus
should be on beneficially utilizing runoff water for
agricultural purposes.

Table 4 shows the yield gap and green water productivity gaps
for the three major crops in Ethiopia. The yield gap (Yg) is the
difference between the water-limited yield potential (Yw) and the
actual yield (Ya). For rainfed crops, although Yw represents the
ceiling yield (van Ittersum and Rabbinge, 1997), achieving yields of
80% of Yw is realistic and profitable (Lobell et al., 2009). The
exploitable yield gap represents the difference between Ya and 80%
of Yw (Figure 4). There is a large yield gap between the potential
farm/on-station yield and the actual farm yield. For example, the
average yield gaps for maize, wheat, and sorghum were 2.34, 1.96,
and 2.11 tha™!, respectively (Table 4). Rainfed maize has the highest
yield potential and largest yield gap, whereas sorghum has the
smallest potential and yield gap. High yield gaps indicate that there
is scope for improvement before reaching the practical limit of
observed yield gaps (i.e., 80% of Yw) in the near future in rainfed
agriculture if appropriate land and water management measures are
taken. A significant reduction in crop yield gaps is highly required
by improving crop yields to meet the growth in food demand and
reduce poverty.

As shown in Table 4, the prevailing water productivity of the
three major crops (i.e., maize, sorghum, and wheat) is very low,
much less than the world average water productivity. The average
water productivity of maize, wheat, and sorghum was 3.51 kg/ha/
mm (2.64 - 4.88 kg/ha/mm), 5.02 kg/ha/mm (3.9 - 6.26 kg/ha/mm),
and 4.27 kg/ha/mm (3.26 - 4.96 kg/ha/mm), respectively. Sadras
et al. (2011) compared water productivity values for major crops
and found wide ranges, amounting to 6-23 kg/ha per mm for maize,
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TABLE 4 Crop Water Productivity (CWP) gap and yield gap for major crops in selected sites in Ethiopia.

Crop Location  Statistics Ya
Maize Assosa 2.03 17.13 15.10 13.70 3.15 26.55 23.41
Pawe 2.44 12.13 9.69 9.70 4.32 21.50 17.18
Ambo 2.45 9.55 7.10 7.64 3.34 13.04 9.70
Bahir Dar 2.05 10.87 8.82 8.70 322 17.06 13.83
Adet 2.51 13.11 10.60 10.48 3.34 17.47 14.13
Ayira 2.35 18.07 15.72 14.46 3.11 23.94 20.83
Jimma 2.00 15.75 13.75 12.60 2.64 20.80 18.16
Nekemte 2.58 12.71 10.13 10.17 3.64 17.89 14.26
Debre Markos 2.14 9.68 7.55 7.75 3.46 15.69 12.23
Shambu 291 9.97 7.07 7.98 4.88 16.73 11.86
Mean 2.34 12.90 10.55 10.32 3.51 19.07 15.56
SD 0.29 3.12 3.24 2.50 0.64 4.08 427
Wheat Ambo 221 8.65 6.44 6.92 533 20.87 1553
Adet 2.10 9.54 7.44 7.63 4.60 2091 16.31
Ayira 1.61 8.02 6.41 6.42 3.90 19.48 15.58
Sheno 1.93 8.15 6.22 6.52 6.26 26.48 20.22
Mean 1.96 8.59 6.63 6.87 5.02 21.93 1691
SD 0.26 0.69 0.55 0.55 1.01 3.10 223
Sorghum Assosa 1.98 8.26 6.28 6.61 423 17.69 13.46
Pawe 1.78 5.83 4.05 4.67 3.26 10.67 7.41
Bahir Dar 1.73 6.34 4.62 5.08 4.22 15.52 11.30
Gondar 1.96 7.62 5.66 6.10 4.96 19.29 14.33
Ayira 2.40 9.74 7.35 7.79 4.21 17.12 1291
Nekemte 2.31 9.77 7.45 7.81 4.45 18.78 14.33
Shambu 2.58 11.08 8.49 8.86 4.53 19.41 14.88
Mean 2.11 8.38 6.27 6.70 427 16.93 12.66
SD 0.33 1.93 1.61 1.54 0.52 3.08 2.60

Ya, actual on-farm yield (t ha™), Yw, water-limited yield potential (t ha™"), Yg, yield gap (t ha™), 80% of Yw, WPa, actual on-farm water productivity (kg ha”' mm™), WPp, water-limited potential
water productivity for rainfed crops (kg ha! mm™) WPg, water productivity gap (kg ha” mm™).

Source: data from http://www.yieldgap.org/; analysis by authors.

5-10 kg/ha per mm for wheat, and 5-21 kg/ha per mm for sorghum,
indicating considerable potential for improving the water
productivity of the major crops in Ethiopia.

The wide range of WP values for the same crop indicates that
climatic factors (e.g., evaporative demand of the atmosphere,
rainfall pattern) influence water productivity. The highest and
lowest WP values for maize were observed at the Shambu
Research Station (4.88 kg/ha/mm) and Jimma Research Station
(2.64 kg/ha/mm), respectively. Therefore, Shambu’s agro-climate is
highly suitable for the production of maize in terms of both grain
yield and water productivity. For sorghum, the highest WP was
recorded in Gonder (4.96 kg/ha/mm), while the lowest WP was
observed in Pawe (3.26 kg/ha/mm). For wheat, the lowest and
highest values of WP are observed in Ayira (3.9 kg/ha per mm) and
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Sheno (6.26 kg/ha per mm), respectively. The highest yields are not
necessarily associated with the highest WPs (e.g., wheat and
sorghum). However, for maize crops, the Shambu area had the
highest average yield of 2.91 t/ha, with the highest water
productivity of 4.88 kg/ha per mm.

Figure 5 shows that the WP ranges from ~2 kg/ha per mm at ~
0.5 t/ha yield to ~5 kg/ha per mm of consumptive green water flow
at ~3 t/ha using data collected from 12 Agricultural Research
Centers in Ethiopia. This suggests that by increasing crop yields
through mechanisms such as soil fertility management, crop
selection, and the use of improved tillage, it is possible to increase
WP. This concept has also been widely acknowledged by several
researchers (e.g., Rockstrom, 2003). Rockstrom (2003) revealed the
nonlinear relationship between WP and crop yield by considering a
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(A) The exploitable yield gap of the three major crops. The difference between the actual yield and 80% of the water-limited yield (Yw) is shown. (B)
water productivity gap and actual water productivity. Source: data from http://www.yieldgap.org/; analysis by authors.

yield range of 0.5-10 t/ha from both tropical and temperate regions,
where the curve flattens out and the water use efficiency does not
increase any further beyond 3 t/ha.

3.5.2 Pathway 2: virtual green water transfer

The concept of virtual water trade, where water is essentially
exported in virtual form through agricultural commodity trade, has
important implications for green water resources (Chapagain et al.,
20065 Allan, 2006). Exporting virtual water generates foreign
exchange for the exporting country. Indirectly, it also saves water
in the importing countries that would otherwise need to use
domestic water resources to produce those commodities
(Hoekstra and Chapagain, 2008). The virtual water content of
crops (m® of water per ton of crop) depends on the crop water
use in the field divided by the yield. Virtual water trade can save
water globally under two conditions: (1) if a water-intensive crop is
traded from a region with high water productivity to a region with
lower productivity and (2) if the virtual water flow saves irrigation
water because the exporting country cultivates the crop under
rainfed (green water) conditions. Thus, virtual water trade flows
related to green water in rainfed agricultural systems present
strategic opportunities for generating economic value and saving
water globally through more efficient allocation of green water
resources across regions.
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An analysis of Ethiopia’s water footprint from 1996-2005
revealed that out of the total 77.8 billion m® of water used
annually, a staggering 97% came from green water (soil moisture
from rainfall), while only 2% from blue water (surface/
groundwater) and 1% from gray water (Table 5). Specifically, for
agriculture, approximately 97% of the water footprint was green
water, with 75% of the green water footprint going to crop
production and 25% to grazing livestock. Crop production alone
had a GWF of 56.5 billion m® per year. In contrast, the blue water
footprint was only 2% of the total at 1.85 billion m® per year, with
approximately 64% used for crop irrigation, 34.5% for livestock
water supply, and the remaining 1.9% for domestic and industrial
uses. This analysis highlights the overwhelming dominance and
importance of green water resources, especially soil moisture from
rainfall, in meeting Ethiopia’s agricultural and overall water
footprint requirements.

Mekonnen and Hoekstra (2014) developed water footprint
benchmark values for crop production worldwide. The
benchmark water footprint values indicate how efficiently water is
used to produce a crop and show the potential for increasing water
productivity through better green water (soil moisture)
management practices. For Ethiopia’s three major crops—maize,
sorghum, and wheat—the analysis revealed that their current total
(green+blue) water footprints are very high compared to the
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Relationship between actual yield and water productivity. Source: data from http://www.yieldgap.org/; analysis by authors.

respective global 25™ percentile benchmarks, indicating low water
productivity: maize: 4211 m*/ton actual vs 562 m*/ton benchmark;
sorghum: 4968 m>/ton actual vs 1122 m>®/ton benchmark; and
wheat: similarly high actual vs benchmark (Table 6). This large
gap between the actual and benchmark water footprints highlights
the significant opportunity in Ethiopia to improve crop water use
efficiency and increase yields per unit of water consumed by
implementing better green water management techniques. Raising
the land and water productivity specifically for these three key crops
can contribute greatly to increasing Ethiopia’s food security.
Adopting practices that enhance green water utilization and boost
crop yields per hectare will lead to more efficient and productive use
of the country’s land and water resources. Therefore, research
questions such as how various green water management
interventions affect the water footprint and what practices are
required to reduce the water footprint to at least the 25™ per-
centile of water footprint values for different crops constitute
important research areas (Table 6).

Ethiopia lags behind other major grain exporters (i.e USA,
Canada, France, Australia and Argentina) in terms of green water
productivity for key crops, but has an opportunity to change this by
optimizing the use of green water resources in its rainfed farming
systems. This could unlock export potential while also improving

domestic water and food security. However, Ethiopia is a significant
importer of wheat from India, USA, Ukraine, Argetina, etc
(Figure 6). Most wheat-exporting countries utilize green water
efficiently for wheat production. In contrast, Ethiopia, a
significant importer of wheat, has not optimized its green water
use for wheat production. This inefficiency is reflected in the
substantial gap between the actual and benchmark water
footprints for wheat in Ethiopia. This gap presents a significant
opportunity for the country to enhance crop water use efficiency,
increase yields per unit of water consumed, and boost wheat
production by adopting better green water management
techniques. By improving the low water productivity of wheat,
Ethiopia can not only reduce its reliance on imports but also explore
the potential of virtual water trade to foster regional economic
solidarity and stimulate the growth of its agricultural sector.

3.5.3 Pathway 3: investing in green
water management

While Ethiopian farmers possess extensive knowledge of
rainfed agriculture management (since most practices involve
rainfed farming), investments in transforming this knowledge
into governance, policy, institutional, practical, and technological
innovations that support smallholder farmers for managing

TABLE 5 The water footprint of Ethiopia’s national production systems (Mm?3/yr) .

Type of Agricultural production Industrial Domestic Total
water . . . production  water supply
footprint Water footprint of Water footprint =~ Water footprint
crop production of grazing of animal
water supply

Green 56485 18858 - - = 75343 97

Blue 1173 - 638 11 333 1846 2

Grey 327 - - 20.0 299.7 647 1

Total 57985 18858 638 21 333 77835 | 100
Source: data from Hoekstra and Mekonnen (2012); analysis by authors.
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TABLE 6 Green water footprint for selected crops (three major staples dominating the national food basket in Ethiopia) at different

production percentiles.

Green—blue water
footprint (m*/ton) at
different produc-
tion percentiles

20th 25th 50th

Crop

10th
Maize 503 542 ‘ 562 ‘ 754 4211
Sorghum = 1001 1082 ‘ 1122 ‘ 1835 ‘ 4968

Wheat 592 992 ‘ 1069

1391 ‘ 3583

National water footprint
(m3/ton)

Blue water foot-
print (%)

Green water foot-
print (%)

‘ 99.00 ‘ 1.00
‘ 99.82 ‘ 0.18
‘ 98.91 1.09

*Maize is the most important cereal, accounting for 17 percent of the per capita calorie intake, followed by sorghum (14%), and wheat (13%). The water footprint of a crop is compared to the 25
percentile water footprint for production globally for that crop. This is used as the global benchmark.

Source: data from Mekonnen and Hoekstra (2014); analysis by authors.

rainwater and soil moisture in rainfed systems have been very
limited. The current practice of not giving proper attention to
rainfed agriculture aligns with Ethiopia’s Ten Years Development
Plan (Planning and Development Commission, 2020). The
development plan aims to shift away from a reliance on rainfed,
green water-based agriculture toward increasing irrigation (blue
water) infrastructure and expanding large-scale, mechanized
farming by smallholders. Interventions usually have a limited
focus on rainwater management, which otherwise has a great
influence on the sustainability of both surface water and
groundwater (Hagos et al,, 2011).

There are compelling reasons why investing in green water use
(rainfed agriculture) is more important than investing in blue water
use (irrigation). First, green water is the main source of water for
approximately 80% of the world’s cultivated land and contributes
60-70% of global crop production (Falkenmark and Rockstrom,
2004; Bruinsma, 2009). In sub-Saharan Africa, food production
almost entirely depends on green water (i.e., 95% of the cropland).
Irrigated areas, on the other hand, account for 34% of crop
production and cover only 24% of all cropland (Siebert and Dall,
2010). Second, in contrast to blue water-based agriculture, which
has a high investment cost, green water-based food production is
less costly. The high investment costs and failures of many past
irrigation projects have made governments and donors cautious
about investing more in irrigation projects (Inocencio et al., 2007).

List of supplying markets for a product imported by Ethiopia for Cereals,

300000 284865
250000 220518
T
£ 200000
-
g 150000 112832 104564
3 100000
e~ 29590 26774 25199 16374 13302 9849 8226 3165
0

India United
States of
America

Ukraine  Argentina Romania

FIGURE 6

Supplying markets for a product imported by Ethiopia for cereals in 2020. Source: https://www.trademap.org/.
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Third, unlike green water use, the environmental impacts of blue
water use (irrigation) involve water logging, salinization, and soil
degradation (Wang, 2004). Soil salinization is a widespread global
issue, but it is especially severe in semiarid regions that rely heavily
on irrigation and have poor drainage conditions. The combination
of using large quantities of irrigation water and inadequate drainage
exacerbates the salinization problem in these areas. With increasing
concerns over irrigation-induced environmental impacts,
upgrading rainfed agriculture is receiving increased attention.
Fourth, irrigation alone will not be able to provide the food
needed to feed the increasing world population. To properly feed
humanity by 2050 compared to that in 2000, an additional 5600
km?*/yr of freshwater will be needed, out of which a maximum of
800 km?*/yr will come from blue water resources (Falkenmark and
Rockstrom, 2004). This means that a deficit of 4,800 km?>/yr will
have to be contributed by green water use (e.g., expansion and
production increase) in rainfed agriculture. Finally, unlike blue
water sources such as rivers and groundwater, which can
potentially be reallocated for different uses, green water from soil
moisture cannot be easily transferred away from supporting natural
vegetation and rainfed crop production in a given area (De Fraiture
et al,, 2004). Since the use of green water does not significantly
compete with that of other water use sectors, green water resources
generally have a lower opportunity cost than blue water sources
(Hoekstra et al., 2001; Albersen et al., 2003). The limited alternative

United Arab
Emirates

Bulgaria Sudan
Republic of
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uses of green water mean that its utilization does not forfeit as many
other potential economic opportunities as blue water sources do.

Financing for public infrastructure in the water sector has
traditionally prioritized “blue water” development projects, such
as extensive irrigation. In contrast, water or agriculture government
agencies have not traditionally focused on or had expertise in green
water management, which depends on maximizing soil moisture
from rainfall. However, studies reveal that enhancing rainfed
agriculture carries extraordinarily high potential returns on
investment in sub-Saharan Africa’s drylands. The potential gains
from improving rainfed farming practices are estimated to be nine
times greater than investments in small-scale irrigation projects and
a staggering 24 times greater than large-scale irrigation endeavors
(Abrams, 2018). In Ethiopia’s extensive rainfed agricultural regions,
better management of green water resources offers a significant
chance to increase food production and decrease poverty.
Implementing green water management strategies such as in-field
soil moisture retention and small-scale rainwater harvesting is
expected to cost between $250 and $500 per hectare (Abrams,
2018). Despite this promising outlook, green water management in
rainfed agriculture has not received adequate attention in terms of
water policies, strategies, or existing land rehabilitation programs
across the region.

The current practice of not giving proper attention to rainfed
agriculture aligns with Ethiopia’s Ten Years Development Plan
(Planning and Development Commission, 2020). The plan
prioritizes “reducing the reliance on rainfed agriculture by
developing irrigation capacity; expanding agricultural
mechanization services; and enabling highly productive
smallholder farmers to become investors by assisting them to
have access to additional land.” This indicates that the
development plan aims to shift away from a reliance on rainfed,
green water-based agriculture toward increasing irrigation (blue
water) infrastructure and expanding large-scale, mechanized
farming by smallholders acquiring more land. Little focus has
been given to improving the productivity and management of
existing rainfed, green water agricultural systems. A paradigm
shift is necessary in investment priorities for agricultural water
management, one that prioritizes effective integration across the
entire water management spectrum, from rainfed to irrigated
agriculture. This approach recognizes the critical role of green
water in rainfed agriculture and seeks to optimize its productive
use. By adopting a holistic perspective that encompasses the full
continuum of water management options, investments can be
targeted more effectively to improve agricultural productivity and
enhance the resilience of smallholder farmers. In Ethiopia, the
traditional approach to water resource management has been
fragmented, with the Ministry of Water focusing on large-scale
irrigation, drinking water supply, and hydropower generation,
while the Ministry of Agriculture prioritizes erosion control over
water management practices in upper catchment areas. This
downstream-oriented approach has led to a narrow focus on blue
water, neglecting the complete water balance and the importance of
green water flows. However, land use choices have a profound
impact on water resources, blurring the lines between irrigated and
rainfed agriculture.
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3.5.4 Pathway 4: water harvesting and
supplemental irrigation for improved
rainfed agriculture

Another promising pathway to improving the productivity of
rainfed agriculture is to adopt water harvesting and supplemental
irrigation techniques, which can significantly boost crop yields and
enhance livelihoods. Rainfed areas are characterized by relatively
high levels of land degradation and low soil moisture holding
capacity. Climate change has exacerbated the existing state of
vulnerability and elevated the risks to agricultural production
systems. While rainfed lands possess substantial untapped
potential for growth, the risks of crop failure, low yields, and
insecure livelihoods are high due to rainfall variability. Rainfed
agriculture is mainly and negatively impacted by intermittent dry
spells during the cropping season, especially at critical crop growth
stages. Addressing these challenges in rainfed agricultural areas
through supplemental irrigation to overcome dry spells is a crucial
strategy for upgrading rainfed agriculture (Wani et al., 2003; Oweis
and Hachum, 2009). This approach involves collecting small
amounts of surface runoft (blue water) during the rainy season
and using this stored water for supplementary irrigation alongside
green water to meet crop water requirements (Pathak et al., 2009).
Bridging dry spells with blue water enables farmers to invest in
improved seeds and fertilizers, utilize labor more efficiently, and
conserve resources. Under these enhanced conditions, the
economic returns from using external fertilizers and supplemental
blue water are high. Combining GWM with the judicious use of
collected blue water can significantly boost rainfed
agricultural productivity.

4 Conclusion and
policy recommendation

Rainfed agriculture in Ethiopia faces significant yield and water
productivity gap for major crops such as wheat, sorghum, and
maize. However, there is significant potential for improvement
through adopting enhanced crop management, soil management,
and water management practices. These improvements provide
“windows of opportunity” to improve food and water security.
Ethiopian rainfed agriculture has much potential for improvement,
but there have not been enough investments made to close yield
gaps and boost water productivity. Prioritizing techniques such as
infield soil moisture retention and small-scale rainwater harvesting
increase soil water availability and crop water up-take. The majority
of projects have concentrated on reducing soil erosion and
expanding large-scale irrigation, with insufficient attention given
to rainwater management and green water resources in water policy
and land rehabilitation initiatives.

Policies and programs related to water and agriculture need to
change from their current narrow focus on controlling soil erosion
to an integrated green—blue water management approach. At the
government level, more funding and knowledge of green water
management are essential. Ethiopia is not as productive with green
water for important crops as major grain exporters are. By
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strategically using virtual water trade, rainfed farming can
maximize its use of green water resources, improving domestic
food and water security and opening up export opportunities. More
data, analyses, and research are required to fully understand how
green water management can improve Ethiopia’s food and
water security.

Overall, this review highlights that unlocking the potential of
green water resources through targeted investments and policy
support for rainfed agriculture can significantly contribute to
Ethiopia’s water and food security objectives in a cost-effective
and environmentally sustainable manner. We need to develop a
plan for the complementary use of blue water and green water to
maximize synergies and prevent trade-offs between food security
and water security.
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