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1 INTRODUCTION

Having been designated as “existential threat”, “crisis multiplier”, “defining issue of our time”
and “fundamental challenge” (UN, 2024), climate change represents one of the major problems
humanity faces today. The latest report of the United Nations’ (UN) INTERGOVERNMENTAL
PANEL ON CLIMATE CHANGE (IPCC) (2023) confirms that human activities are the reason for
the changing climate, especially through greenhouse gas emissions in “industry, energy supply,
transport, agriculture and buildings” (p. 44). The associated increasing global warming leads to
partly irreversible effects such as biodiversity loss or extreme weather patterns making it

indispensable to prevent this development in a very short time frame (IPCC, 2023).

The report further reveals that climate change related risks for all particularly worrying areas
of concernl are much higher than presumed before (IPCC, 2023). Apart from that, the
magnitude of effects associated with those risks is projected to be a lot more severe than
previously assumed (ibid.). Being currently at a 1.1 degree increase of the planet’s
temperature2, a rise to 1.5 degrees implies, among others, an escalation in frequency and
intensity of strong rainfall and flooding emergencies particularly in Asia and Africa, an
expectation made with high confidence3 (ibid.). A temperature rise of more than 1.5 degrees
has increasingly harmful and cascading consequences for life on earth (ibid.). One of the
ecosystems subject to disproportionately elevated risk are the planet’s drylands (ibid.). Those

are particularly subject to climate change intensified land degradation (ibid.).

Several international contracts underline the relevance of degradation such as the UN
Resolution 3054 recognizing the drought in the Sudano-Sahelian region in 1973 (UN, 2013),
the UN Convention to Combat Desertification (UNCCD) from 1992 (UNFCCC, 2023) or the
Sustainable Development Goals (SDGs) from 2015 (UN, 2015). Economic losses were
associated with degraded land already in 1992, when the UNCCD aimed to increase land
productivity (UN, 1994). Today, seven of the 17 SDGs, commonly referred to as Agenda 2030,

recommend taking land resources into account (TOTHET AL., 2018). SDG 15 specifically aims

1 The framework describing the Reasons for Concern includes five categories related to distinctive and vulnerable
systems, severe weather phenomena, spread of consequences, worldwide overall effects and major singular
events (IPCC, 2023).

2 «Global surface temperature was around 1.1°C above 1850-1900 in 2011-2020” (IPCC, 2023, p. 42).

3 ,,A level of confidence is expressed using five qualifiers: ‘very low,” ‘low,” ‘medium,” high,” and ‘very high.’
It synthesizes the author teams’ judgments about the validity of findings as determined through evaluation of
evidence and agreement” (IPCC, 2010, p. 3) while ,,increasing levels of evidence and degrees of agreement
are correlated with increasing confidence® (ibid.).



to “restore degraded land and soil, including land affected by desertification, drought and

floods” (UN, 2015, p. 24).

Land degradation diminishes biomass productivity and is caused, among others, by human
activities, loss of vegetation or soil erosion through water and wind (UN, 1994) which is
exacerbated by floods and droughts (DESTRIJCKER ET AL., 2023). Droughts favour soil erosion
by wind (FAO & ITPS, 2015) and diminish the water absorbing ability of the soil (WMO, 2023)
while floods lead to soil erosion by water, a process in which topsoil and fertile sediments are
lost rapidly through the overland water flow, which cuts channels or gullies into the land (FAO
& ITPS, 2015). This in turn diminishes water holding ability and fertility further, which are
crucial for plant growth as well as food and forage production (ibid.).

Many people affected by soil erosion are humans living in (agro-) pastoralist communities as
this is the most common production system in drylands (G1Z, 2023c) which relies on livestock
and agriculture (MoGEs, 2021). The dependence on those already scarce resources (WORLD
BANK, 2019a) renders (agro-) pastoralists particularly vulnerable to climatic conditions
(MoGEs, 2021) such as droughts which are occurring more and more often in Africa (MASIH
ET AL., 2014). The Horn of Africa4 is the driest part of the whole continent (MoGEs, 2021) and

among the regions in the world most susceptible to climate shocks (WFP, 2023a).

This area experienced three severe droughts since 2010 (OCHA, 2023b), the one lasting from
2020 to 2023 being the heaviest since 60 years (WFP, 2023a) resulting in 36.4 million affected
people (OCHA, 2023b) and two million being displaced (IOM, 2022). High food insecurity
was one of the consequences for about 23 million humans, with 4.4 million in Kenya, 6.7
million in Somalia, and 11.8 million in Ethiopia (WFP, 2023a). This period of drought was
followed by abnormally large amounts of precipitation starting in April 2023 which lead to
floods while drought-affected soils had lost water-absorbing capacities (WMO, 2023).
Subsequent rains of October to December 2023 were 140 per cent more than average, again
resulting in floods (WFP, 2023b).

Ethiopia, inhabited with the second highest population of Africa’s countries (WORLD BANK,
2019Db) of which 80 per cent rely on agriculture as livelihood (FAO, 2017) while 75 per cent of
the country’s surface area are classified as drylands (GEORGIS, 2015), is subject to floods and

droughts occurring more frequently (BMZ, 2023; WORLD BANK, 2019b). While producing very

4 This encompasses Somalia, Kenya and Ethiopia (OCHA, 2023b).
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few amounts of greenhouse gas emissions (GEORGIS, 2010), with already six subsequent
insufficient or rainless wet periods (WORLD BANK, 2023) and following extreme flooding
events (ACTION AGAINST HUNGER, 2023), the nation faces a prospect of being severely hit by
climate change effects (OCHA, 2024). It ranks 22" out of the countries featuring highest
vulnerability and least readiness to increase resilience to climate change (ibid.). The nation is
already subject to severe land degradation (HURNIET AL., 2015) with 25 per cent being degraded
(GEORGIS, 2021), most pronounced in the country’s drylands (MOA & PENHA, 2022), and
aggravated by overgrazing, deforestation, inadequate production methods in agriculture as well

as rapid population growth and, thus, rising demands of people (KAssA, 2021).

Numerous measures countering land degradation have been implemented and researched
mainly in Ethiopia’s highlands since 1970 (ABERA ET AL., 2020; HURNI ET AL., 2015; MEAZA
ET AL., 2020) up to an assessment of the state of land degradation and potential economic gains
of restoration impacts (HURNI ET AL., 2015). However, Ethiopia’s lowlands, although covering
60 per cent of the country’s surface area (WORLD BANK, 2019Db), have not been treated and
investigated in the same way (MEAZA ET AL., 2020). Its population, however, represents 12 to
14 per cent of Ethiopia’s inhabitants (WORLD BANK, 2019b) and features considerably worse
scores in economic and social indicators such as literacy or education access compared to
national averages (ESS & WORLD BANK., 2023; WORLD BANK, 2019b). Livelihoods are based
on rainfed small-scale livestock and arable production while grazing resources decline due to
expanded crop production (GEORGIS, 2010). Traditionally low precipitation (GUMMADI ET AL.,
2018) favours droughts (GEORGIS, 2010), while heavy rainfall events are common (GUMMADI
ET AL., 2018), leading to numerous gully formations (RETTBERG ET AL., 2017) and, thus,
compromising agricultural production (FAO & ITPS, 2015).

In the Ethiopian lowland region Somali, (agro-) pastoralism as the most important income
source meets an arid and semi-arid climate, scarce cropland, low commercial value of produced
crops and high population growth (DESTRIJCKER ET AL., 2023). Internally displaced persons
(IDPs) due to conflict (ibid.) and high numbers of refugees (OCHA, 2024; TuFA, 2024) add to
the population pressure. Droughts have a severe impact here, with 391,573 drought induced
IDPs in December 2023 (IOM, 2024), decreasing crop production (REACH INITIATIVE, 2024)
and resulting dependence on food aid (ACAPS, 2017). Floods caused by heavy rains decrease
food security even more (DESTRIJCKER ET AL., 2023) as they impair planting and harvesting
(REACH INITIATIVE, 2024) and cause further large-scale displacement (IDMC, 2024). Those

climate hazards increase food insecurity (ibid., EAST AFRICA ENGINEERING AND GENERAL
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CONSULTANT, 2018; UNEP, 2022) which is reflected in reports of international institutions
(IFRC, 2022; 10M, 2023; OCHA, 2023a; WFP, 2020) and have led to constant humanitarian
aid supply delivered to the region (WORLD BANK & UNITED KINGDOM’S DEPARTMENT FOR
INTERNATIONAL DEVELOPMENT, 2019). The large-scale soil erosion is clearly visible,
manifested in gully formations (GEBREMESKEL ET AL., 2019; GIZ, 2023c). A field excursion to
the Somali region in July 2023 allowed direct observation of the severe degree of erosion

involving various meter-deep gullies.

This situation is addressed, among others, by the German development cooperation represented
by the Gesellschaft fur Internationale Zusammenarbeit (GIZ). To reclaim dry zones and
diversify income opportunities in a holistic, integrated and multidimensional fashion, GIZ
designed the Dry Valley Rehabilitation and Productive Use (DVRPU) Approach (G1Z, 2022a,
2023c). It has been implemented first in the Ethiopian Afar region, subsequently in Somali and
Oromia regions (GIZ, 2024a) and will be soon introduced in Southern Nations, Nationalities,
and Peoples' region (G1Z, 2024b). The approach intends to improve drought resilience and
living conditions for (agro-) pastoralists in Dry Valleys (DVs) considering apart from biological
and technical aspects also social, economic, governmental and institutional dimensions (GIZ,
2023c). Those are taken into account through the seven steps (1) satellite identification and DV
delineation, (2) suitability assessment, (3) community participatory planning, (4) DV user
cooperative societies, (5) technical and budgetary planning, (6) land rehabilitation measures,
mainly in the form of water spreading weirs (WSW), and (7) productive use which is designed

to ensure an efficient utilization of the reclaimed land and establish market linkages (ibid.).

The DVRPU Approach demonstrated the potential to transform DVs into fertile landscapes
(GlZ, 2023c, 2023b) with large areas already having been rehabilitated (G1Z, 2022a, 2023c,
2023b). Previously, WSW have been used predominantly in the Sahel (NILL ET AL., 2012).
However, up to the time of writing, 508 WSW have been constructed as well in Ethiopia, eight
of which located in Oromia region, 98 in Afar region and 402 in Somali region (GIZ, 2024a).
One WSW rehabilitates 22 hectares (G1Z, 2023c, 2024b), translating into 11,176 hectares
affected by the WSW across the country. While 77 WSW have been constructed by GIZ, the
Ethiopian government upscales the approach and financed the majority of structures with 408
WSW in Somali and Afar regions (GIZ, 2024a). The Ethiopian Red Cross Society, Wetlands
International and the World Bank financed the installation of the rest of constructions (ibid.).

Various studies document implications and effects of WSW in other African countries (NILL
ET AL., 2012; SCHONING ET AL., 2012; WOCAT SLM DATABASE, 2012), the Afar region
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(AMEDE, 2017; AMEDE ET AL., 2018; CALOW ET AL., 2018; GETNET ET AL., 2022; VAN DEN
AKKER ET AL., 2015) and Somali region (FSIABD CONSULT, 2021; SORPARI, 2023, 2024).
Positive effects of WSW relate to, among others, increased soil moistness (APARI, 2023B;
SORPARI, 2023; TUINHOF ET AL., 2012) decreased erosion (AMEDE ET AL., 2022; GETNET ET
AL., 2022), built up of rich soil (AMEDE, 2017; GETNET ET AL., 2022) and higher biomass
productivity (GETNET ET AL., 2022; SORPARI, 2023). This allows a diversification of crop
production (AMEDEET AL., 2022) as well as higher crop yields (AMEDE ET AL., 2022; SORPARI,
2023; WOCAT SLM DATABASE, 2012). Implied potentials include an augmentation of food
security (GETNET ET AL., 2022) and the creation of additional income opportunities in Somali

region (FSIABD CONSULT, 2021) as well as increased community resilience (UNEP, 2022).

The existing literature leaves a research gap with regard to the productive use realized in the
rehabilitated areas in the Somali region as well as economic returns obtained by (agro-)
pastoralists cultivating crops in those areas. This is why the present research focussed on a
closer examination of the current use of the rehabilitated zones, especially regarding crop choice
in general, the WSW’ effect on it as well as drivers impacting it. Further, the profitability of
crops produced and factors influencing it were an area of interest. To shed more light on this,
the present research aimed to address the following four questions in particular:

Do (agro-) pastoralists cultivate more vegetables after the construction of WSW than before?
Does the profitability differ across crop types?

Which drivers increase agricultural profitability?

Which factors influence the crop choice?

To investigate those, initially, in chapter 2, agricultural profitability is contextualised and the
terms drylands, land degradation, (agro-) pastoralism as well as land rehabilitation are defined.
Further, the chapter provides context information on the particularities of Ethiopia and the
Somali region, summarizes the DVRPU Approach and conceptually frames the different topics.
In chapter 3, the existent literature on effects of the rehabilitation technology in question and
the chosen key indicator to measure agricultural profitability is summarized. Chapter 4
comprises the description of the study area, a summary of the process of data collection, an
elaboration of the hypotheses to be examined and a specification of the methods employed to
analyse the collected data. In chapter 5, main results are presented while chapter 6 contains a

discussion of those as well as recommendations. Chapter 7 summarizes and concludes the work.
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2 CONCEPTUAL FOUNDATIONS

2.1 Contextualising agricultural profitability

The term profitability relates to economic performance (GOMEZ-LIMON ET AL., 2023) which
may be determined by a range of indicators (EiLON, 1985). Usually, ratios describing the
interrelation of output to inputs are used to describe the economic state of the enterprise (ibid.).
On the one hand, outputs may be defined in various ways, for instance as physical quantity
produced or revenue (ibid.). On the other hand, inputs constitute the resources utilized for
creating the output (ibid.). Examples are material or labour which may be quantified physically
or in terms of expenses (ibid.). Which outputs and inputs exactly are taken into account depends

on the individual case and analysis (ibid.).

According to GOMEZ-LIMON ET AL. (2023), the economic strength is compiled of various facets,
one of which constituting profitability. Thus, other decisive indicators such as efficiency or
productivity are commonly considered as well when assessing economic performance (ibid.).
Similarly, LATRUFFE ET AL. (2016), reviewing sustainability indicators in agriculture, argued
that profitability is one of a few measurements of economic viability. However, profitability
has been denoted as a crucial aspect used widely as it allows comparability (GOMEZ-LIMON ET
AL., 2023). Higher profitability can be attributed to more output (VAN DEN BERG ET AL., 2018).
However, this only holds when other influencing factors are equal which rarely is the case
(ibid.), as profitability in agriculture is affected by, among others, crop choice, technology
employed, managerial decisions, geophysical and biological circumstances, resource
availability, education, willingness to take risk, and market conditions as well as the political

frame (BOWMAN & ZILBERMAN, 2013).

VAN DEN BERG ET AL. (2018) points out that the term profitability is not always utilized in a
clear manner. It is a quantitative indicator setting revenue in relation to cost (LATRUFFE ET AL.,
2016). It may be quantified either as a ratio (BALK, 2003) relating to other variables such as
profit margin (VAN DEN BERG ET AL., 2018) like sales divided by expenses (SINGH & SINGH,
2023). It also may be expressed in absolute numbers mostly stated in currency values
(LATRUFFE ET AL., 2016), for example the profit level (VAN DEN BERG ET AL., 2018), showing a

difference from revenue and total expenses (SINGH & SINGH, 2023). In most cases, the indicator



14

return on assets® is utilized to determine the profitability of a given business, particularly for

big companies (GOMEZ-LIMON ET AL., 2023).

As the present research does not aim for a general analysis of farms, the approach used is a
more comprehensive one focussing on the different enterprises a farm comprises (MAFF, 1980,
as cited in FIRTH, 2002) and enabling comparisons between those (SPRINGER-HEINZE, 2018) to
get insights about the income contribution of a selected product (AGROMISA FOUNDATION,
2006). The key indicator chosen is the gross margin (GM), an essential profitability indicator
used in economics, particularly in management (KRAUSE & ARORA, 2008). It represents a
budgeting technique (ADEWUYI ET AL., 2010) and a basic model to calculate the economic
viability of production in order to obtain an estimate of its profitability (BENU ET AL., 2010),
commonly expressed in monetary terms (HA ET AL., 2015). Although it has been used for
livestock production as well (ADEWUYIET AL., 2010; NIELSENET AL., 2013; NKADIMENG ET AL.,
2021), according to NKADIMENG ET AL. (2021), it was employed extensively in crop production

due to the ease of calculation.

There are numerous examples of GM calculation being employed to explore the profitability of
farms or single production lines which are elaborated on in chapter 3.2. Core variables for its
estimation are revenue and cost (HA ET AL., 2015; PANDEY & GAUTAM, 2021). Total revenue,
on the one hand, hereby may be defined as the monetarily valued yield of the farm, specifically
the crop quantity produced multiplied by its price (ABU ET AL., 2011; DEMIR & G6zUBUYUK,
2020; HA ET AL., 2015; ODOEMENEM & INAKWU, 2011; PANDEY & GAUTAM, 2021) or revenue
from sales (ALIYI ET AL., 2021; MELESSE, 2016; NKADIMENG ET AL., 2021). Cost, on the other
hand, usually consists of fixed and variable elements, the former being related to overhead
expenses, such as rent, maintenance and machinery and the latter being associated directly with
the amount of production (ABU ET AL., 2011) including cost for, among others, fertilizer, seeds,
machinery rental and labour (DEVKOTA & ATNAFE YIGEzU, 2020; HA ET AL., 2015;

ODOEMENEM & INAKWU, 2011; PENOT ET AL., 2021).

The GM calculation only takes into account total variable expenses (NKADIMENG ET AL., 2021)
and therefore shows which part of the income remains for the payment of profit and fixed

expenses (PEDERSEN ET AL., 2005) over which the farmer has no control in the short-term

5 Return on assets are ,calculated as the ratio of earnings before interest and taxes (EBIT) to total assets* (GOmez-
Limon et al., 2023, p. 1305).
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(DEMIR & GOzUBUYUK, 2020). The exclusion of fixed costs from the calculation makes

conclusions faster and easier (AGROMISA FOUNDATION, 2006).

2.2 Drylands, land degradation, (agro-) pastoralism, & land rehabilitation

Dry lands constitute the planet’s most extensive biome (SCHIMEL, 2010, as cited in WU ET AL.,
2024), covering 41 per cent of the global terrestrial surface and being inhabited by 30 per cent
of the planet’s population (MILLENNIUM ECOSYSTEM ASSESSMENT, 2005A). They include
hyperarid, arid, semiarid and dry subhumid areas®, all having in common that
evapotranspiration exceeds their levels of precipitation which in general are highly variable
(UNEP, 1992). A further feature is a particular vulnerability regarding climate change (HUBER-
SANNWALD ET AL., 2012; SMITH ET AL., 2019) and sensitivity to human action (REYNOLDS ET
AL., 2007). In those zones “the production of crops, forage, wood and other ecosystem services
are limited by water” (MILLENNIUM ECOSYSTEM ASSESSMENT, 2005a, p. 23). Drylands are

especially subject to land degradation which is aggravated by climate change (IPCC, 2023).

(Land-) degradation” implies a reduction of resilience of an area (UNEP, 1992). It refers to a

“reduction or loss “...” of the biological or economic productivity and complexity of rainfed cropland, irrigated
cropland, or range, pasture, forest and woodlands resulting from land uses or from a process or combination of
processes, including processes arising from human activities and habitation patterns, such as soil erosion caused
by wind and/or water; deterioration of the physical, chemical and biological or economic properties of soil; and

long-term loss of natural vegetation” (UN, 1994, pp. 4-5).
The decrease in quality and quantity of land causes a disruption of the provision of functions

and services of ecosystems in part or in total (OKPARA ET AL., 2018). In line with this, the
MILLENIUM ECOSYSTEM ASSESSMENT (2005a) connects land degradation to a decrease of
human well-being due to the resulting reduction of provided ecosystem services. Those services
comprise basic life supporting functions such as the formation of soil, photosynthesis or the
cycling of nutrients, provisioning ones such as food, fuel or water, regulating benefits like the
purification of water, pollination or control of erosion as well as cultural functionalities in the
form of recreation or inspiration (MILLENNIUM ECOSYSTEM ASSESSMENT, 2005b). Land
degradation impacts a share of 29 per cent of the global terrestrial area (LE ET AL., 2016) and
expands by five to ten million hectares every year (STAVI & LAL, 2015) while impairing at least
3.2 billion humans (LE ET AL., 2014).

6 The Avridity Index, calculated as the ratio annual precipitation (P)/ Potential evapotranspiration (PET) is < 0.05
for hyperarid, < 0.20 for arid, < 0.50 for semiarid and < 0.65 for dry subhumid areas (UNEP, 1992).

7 The terms degradation and land degradation will be used interchangeably in the present research.
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Many of those impacted live in pastoral or (agro-) pastoral communities as this is the most
prevalent form of cultivation in drylands (G1Z, 2023c). While pastoralism has been defined as
“complex interaction of people, natural resources, and livestock” (CHANYALEW, 2015, as cited
in GEBREMESKEL ET AL., 2019, p. 1), agro-pastoralism “combines extensive livestock
production with crop cultivation for household consumption and income generation”
(GEBREMESKEL ET AL., 2019, p. 2), thus, representing mixed farming (WORLD BANK, 2019D).
This reliance on livestock and agriculture renders those production systems particularly
vulnerable to climatic conditions (MoGEs, 2021), with droughts such as the three last ones in

the Horn of Africa having severe impacts (OCHA, 2023b) as outlined above.

Apart from those, droughts favour soil erosion by wind which mobilizes soil particles and
deposes them in different locations (FAO & ITPS, 2015). They further lead to a loss of water-
absorbing capacity of soils being flushed away in case of heavy rains, such as the ones in the
Horn of Africa following the recent drought (WMO, 2023). This process exacerbates
degradation as soil erosion by water occurs, a rapid loss of topsoil and fertile sediments, with
the overland flow being able to cut distinct channels like rills or gullies into the land (FAO &
ITPS, 2015). This process reduces rooting space, fertility and water holding ability essential for
plant growth and contaminates water streams, thereby negatively affecting agricultural

production (ibid.), also through the decrease of available fertile land (G1Z, 2023c).

The challenge of land degradation and its importance has been acknowledged globally and
various international agreements try to address it as mentioned above. A range of measures
exist to restore and rehabilitate affected areas (MILLENNIUM ECOSYSTEM ASSESSMENT, 2005a).
Restoration hereby refers to the modification of a deteriorated site to recover the original
condition of an ecosystem including provided services and functionalities (ibid.). Rehabilitation
implies the correction of degraded or obstructed elements or segments of functionalities of an

ecosystem to reestablish ecosystem productivity which is the main objective (ibid.).

“Examples of measures to restore and rehabilitate include establishment of seed banks, restocking of soil organic
matter and organisms that promote higher plant establishment and growth, and reintroduction of selected species.
Other rehabilitation practices include investing in land through practices such as terracing and other counter-
erosion measures, control of invasive species, chemical and organic nutrient replenishment, and reforestation.
Policies that create incentives for rehabilitation include capacity building, capital investment, and supportive
institutions. Community involvement in conceptualization, design, and implementation is essential for

rehabilitation approaches™ (MILLENNIUM ECOSYSTEM ASSESSMENT, 20053, p. 16).

All approaches are targeting, among others, the reestablishment of lost ecosystem services
(MILLENNIUM ECOSYSTEM ASSESSMENT, 2005a) while supporting the adjustment to and the
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reduction of climate change induced impacts as well as fostering the improvement of
livelihoods and the alleviation of poverty (IPCC, 2023). This requires an interdisciplinary
approach as well as the intense participation of local communities (MILLENNIUM ECOSYSTEM
ASSESSMENT, 2005a). Both negative and positive environmental, social as well as economic
consequences of rehabilitation efforts may be possible so that the effectiveness of measures

depends on a variety of factors such as available technology, capital and labour (ibid.).

2.3 Ethiopia, the lowlands and the Somali region

For Ethiopia, the degradation of 25 per cent of its total surface area has been reported, impairing
a third of the nation’s inhabitants (GEORGIS, 2021). The zones where the majority of
degradation and deforestation takes place are the country’s drylands (MOA & PENHA, 2022)
which account for around 75 per cent of the entire surface area (GEORGIS, 2015), encompassing
the (agro-) pastoral lowlands and the dry midland and highland regions (MoA & PENHA,
2022). Most measures countering degradation are implemented in the Ethiopian highlands
against the dominating form of land degradation, soil erosion (ABERA ET AL., 2020). As
mentioned above, this phenomenon is exacerbated by droughts and floods, those being therefore
also part of the main reasons for degradation of dryland in Ethiopia, next to invasive plant
propagation, extensive deforestation, non-adequate farming practices and overgrazing (KASSA,
2021). This is aggravated by an increasing population, weak institutions and climate change
(ibid.). Further influencing factors are limited movement of pastoralists due to fragmentation
of land, rising demands related to growing settlements, resource-borne tensions, market

shortfalls and climate variability (ibid.).

Immediate combating measures are crucial while those vulnerable ecosystems offer
opportunities to support Ethiopia’s sustainable development (MOA & PENHA, 2022) relating
to faunal and floral variety as well as diversity of domesticated agricultural crops (GEORGIS,
2015), untouched subterranean water reserves as well as minerals (MoA & PENHA, 2022).
Nevertheless, the already challenging living conditions in the drylands (ibid.) are reflected
through poorest scores in numerous socio-economic indicators of development (UNDP
ETHIOPIA, 2014). The dominant production system in drylands, (agro-) pastoralism (GIZ,
2023c), is most extensive in Ethiopia comparing to the rest of countries south of the Sahara
with regard to number of people and livestock herd sizes as well as variety of resources and
surface coverage (GEORGIS, 2015). It represents a share of the country’s land mass of 57 per
cent (UNDP Ethiopia, 2014) and provides livelihoods for more than 12 million Ethiopians

(GEBREMESKEL ET AL., 2019).
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Its farm animal component bears potential for economic development (CATLEY, 2017;
GEORGIS, 2021; WORLD BANK, 2019B) as to the (agro-) pastoral production system, 50 per cent
of the nation’s livestock is allocated (MOA & PENHA, 2022), integrated into trade connections
between local markets and neighbouring nations (CATLEY, 2017) offering export potential also
in light of rising demand for animal products (WORLD BANK, 2019b). However, the production
of crops yields little output and is realized with few inputs on a limited scale (MOA & PENHA,
2022) although an expansion of rainfed, irrigated, and water conservation agriculture is possible
(WORLD BANK, 2019b).

The lowland drylands of Ethiopia, origin of biodiversity for many crop and livestock species,
comprise between 55 (GEORGIS, 2010) and 61 per cent of the country’s land mass (GEORGIS,
2015) and are inhabited by a third of the nation’s population mostly living from rainfed small-
scale livestock and arable production realized in small land holdings of usually less than one
hectare (GEORGIS, 2010). Grazing resources traditionally used for livestock are declining due
to an extension of arable production and bush encroachment (ibid.) of invasive and native
species (GEORGIS, 2021). Annual precipitation has been highly variable and traditionally very
low (GUMMADI ET AL., 2018). This leads to frequent droughts (GEORGIS, 2010) while rainfall
events are usually heavy (GUMMADI ET AL., 2018), resulting in bare soil and little vegetation
(GEORGIs, 2010). The deterioration of natural resources in Ethiopia’s lowlands is a cause of
multiple challenges related to insufficient water resources, loss of soil, its fertility and flora
(GEORGIS, 2010).

The further expanding erosion implies degradation of soil (G1Z, 2023c) and formation of gullies
due to floods and droughts (GEBREMESKEL ET AL., 2019). A rising number of gullies has been
reported for the Ethiopian lowlands, posing a significant challenge as, in consequence, flood
emergencies increase while the water does not infiltrate the soil because it is diverted into the
gullies (RETTBERG ET AL., 2017). Apart from that, mounting deforestation in neighbouring
highlands augment the possibility of severe flood occurrence (ibid.). This, in turn affect
drainage systems and impact adversely the availability of water and agricultural productivity
(Glz, 2023c) while (agro-) pastoral farms close to the highlands are destroyed through the
floods (RETTBERG ET AL., 2017) all of which further intensifies the already alarming situation
with regard to food security (GIZ, 2023c).

In the Ethiopian lowland region Somali, various governmental institutions like the Bureau of
Livestock and Pastoral Development or the Bureau of Agriculture and Natural Resources are

engaged in rehabilitation activities of dryland (MOHAMMED & KENADID, 2020). Also non-state
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organizations such as the United Nations World Food Programme as well as globally present
non-governmental organisations (NGOs) like Save the Children (ibid.) and Wetlands
International (UNEP, 2022) are active in this area. Further, local NGOs such as Save the
Environment of Ethiopia (SEE)PWO (MoHAMMED & KENADID, 2020) and Ethiopian Red Cross
Society (ERCS, 2022) are involved next to academia and development cooperation
organizations like G1Z (MoHAMMED & KENADID, 2020) and USAID (GI1Z, 2024b).

Notwithstanding the variety of actors, only few restoration measures were realized in
comparison to the highlands (ABERA ET AL., 2020) and sustainable, climate-smart soil
protection and rehabilitation measures are not yet extensively implemented (G1Z, 2022b).
However, cropland is already limited while the practiced rainfed agriculture results in products
economically valued extremely low (DESTRIICKER ET AL., 2023). Still, on this production,
inhabitants rely as (agro-) pastoralism is the most important income source in the region (ibid.),
although, in contrast to other regions, with more diversified income sources and a better market
linkage (GEBREMESKEL ET AL., 2019). The whole region is one of the principal pastoral zones
of Ethiopia and holds the largest pastoral community in the country (ibid.). Pastoralists in
Somali region move depending on the season, thus, live in transhumance, possessing
homesteads in addition (ibid.). Out of this livelihood systems follows a particular vulnerability

to climatic impacts (DESTRIJCKER ET AL., 2023).

The semi-arid and arid climate in the region is already less predictable, more arid and hotter
while more rising temperatures are expected (DESTRIJCKER ET AL., 2023). Although Somali
region features subterranean water bodies with potential for irrigated farming (MOA & PENHA,
2022), droughts are consistently impairing nutrition and food security (FAO, 2017; REACH
INITIATIVE, 2024) mainly due to water scarcity (DESTRIICKER ET AL., 2023). Altered
environmental conditions already made herders in Somali region switch from cattle, which
requires more water, to sheep, goat and camel (GEORGIS, 2021). Nevertheless, droughts lead to
large loss of livestock (MOA & PENHA, 2022). The share of people owning livestock for
instance dropped from 43 per cent in 2020 to 18 per cent in December 20238, the main reason
being drought® (REACH INITIATIVE, 2024).

8 The reported share is based on the sample interviewed by the REACH Initiative comprising 2,633 households
in nine of the 11 zones in Somali region (REACH Initiative, 2024).

9 Drought was given as reason for livestock loss by 86 per cent of participants (REACH Initiative, 2024).
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Apart from that, market functionalities decrease (REACH INITIATIVE, 2023b) and displacement
occurs on large-scale (ACAPS, 2017). In 2022, 686,000 Ethiopians were displaced internally
due to drought, the situation being most severe in Oromia and Somali regions (IDMC, 2024).
As of December 2023, Somali region was the largest host of the country in terms of drought-
induced IDPs with 391,573 people (I0M, 2024). Finally, agricultural production decreases,
with for instance the REACH INITIATIVE (2024) documenting solely 6 per cent relying on crop
farming as primary livelihood in December 2023 while pre-drought, 10 per cent reported this.
Food access gets limited and a dependence on food aid develops (ACAPS, 2017) with the

potential to negatively influence domestic agricultural production (GELAN, 2007).

Next to this, further changing weather patterns, more precipitation variability, and increasing
numbers of heavy rainfall events are expected (DESTRIJCKER ET AL., 2023). This results in more
water-induced erosion as well as river and flash floods, further aggravating food insecurity
(ibid.) and displacement numbers. The most recent floods caused by heavy rains displaced
thousands (I0M, 2023). By the end of 2023, Ethiopia accounted for 550,000 IDPs due to floods,
Somali region being hardest hit (IDMC, 2024). The floods caused 23,000 livestock deaths in
the region (FAO GIEWS, 2023), hindered recovery from the previous drought and negatively
affected planting and harvesting (REACH INITIATIVE, 2024). More disease and pest
occurrences are forecasted for the region (DESTRIJCKER ET AL., 2023), an expectation mirrored
in the recent flood-induced cholera outbreak (SAVE THE CHILDREN, 2023). In addition, security
concerns arise due to local conflicts caused by food insecurity and access to natural resources

as a consequence of this vulnerability to climatic conditions (DESTRIJCKER ET AL., 2023).

Apart from that, the Somali region is subject to extreme population growth and demographic
pressures resulting from internal displacement (DESTRIJCKER ET AL., 2023) which overstresses
the limited carrying capacity of the land (GEoraGis, 2010). By the end of 2023, Ethiopia
accounted for 2.9 million IDPs due to conflict and violence (IDMC, 2024), 102,000 being
reported to reside in Somali region (TUFA, 2024). Further, asylum applicants and refugees
number to more than 916,000 in the country with Ethiopia ranking as the third biggest host
within African countries (OCHA, 2024) while 300,000 are documented for Somali region
(TUFA, 2024). The already vulnerable livelihood system, droughts, floods and the population
pressure against the background of limited resources leads to a particular need for humanitarian
aid (ACAPS, 2017). Of about 6.2 million inhabitants of the Somali region (DESTRIJCKER ET
AL., 2023), 2.6 million are in need of humanitarian assistance in 2024 (OCHA, 2024) while 24

per cent of households in Somali region assessed by the REACH INITIATIVE (2024) in
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December 2023 reported having received humanitarian aid in the 12 months before data

collection, 79 per cent of which considered the quantity received as insufficient.

Summarizing, (agro-) pastoralist communities in Somali region are facing multiple challenges.
While they rely on natural resources for their livelihoods, the already overgrazed pasture spaces
for livestock are declining further due to population growth and expansion of arable production.
Population growth leads to more settlements which limits the movement of pastoralists due to
land fragmentation and increases the demands of the population, thus, favouring resource-borne
tensions. Crop production is realized with non-sustainable practices, while the available land
for this is already limited. The sensitive environment is particularly prone to land degradation,
resulting not only from the just mentioned development, but from other factors such as invasive

plant propagation and weak institutions while being exacerbated by climate change.

The already dry area favours drought occurrences which lead to water scarcity, thus, also to
large losses of livestock and decreasing arable production. This aggravates nutrition and food
security. A dependence on food aid develops, further decreasing agricultural production. Apart
from that, wind erosion occurs and the water absorbing capability of the soil diminishes.
Changing precipitation patterns cause more heavy rains, which, in conjunction with
deforestation in neighbouring highlands lead to more frequent floods, compromising recovery
after drought as well as planting and harvesting patterns. The quantity of water cannot infiltrate
the soil and increased water erosion degrades it further as fertile sediments are flushed away
and gullies are cut into the land. This further decreases available fertile land while water holding
and drainage capacity as well as soil fertility are reduced, leaving little vegetation and bare soil,
thus, decreasing agricultural production and contributing to more food insecurity. Finally,
extreme weather patterns lead to large numbers of IDPs, adding even more population pressure

and overstressing the carrying capacity of the system further.

2.4 Dry Valley Rehabilitation and Productive Use Approach

Those challenges resulting from degradation which particularly (agro-) pastoral communities
are facing are addressed, among others, by the GIZ with the development of the DVRPU
Approach, tailored to the particularities of the Ethiopian lowlands, but with the potential to be
applied in other drylands across the globe (G1Z, 2023c). Targeting drought resilience, it is
designed to improve living conditions for (agro-) pastoralists in an integrated manner taking
into account not only biological and technical dimensions, but also social, economic,
governmental and institutional aspects (ibid.). The key construction used are cascading water-

spreading weirs (WSW), accompanied by dry stone and biological measures which reduce the
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speed of floods, leading to increased water penetration, groundwater levels and sedimentation
(ibid.). The fertile areas created allow for cultivation of forage and food crops strengthening

resilience and food security (ibid.).

Initially, various criteria are used to evaluate whether in a DV the necessary requirements are
met for it to be suitable for the DVRPU Approach (G1Z, 2023c). Environmental and landscape
criteria relate, among others, to the annual occurrence of seasonal floods originating in the
highlands and the suitability of the soil for crop cultivation (ibid.). Community criteria include,
among others, the existence of a community living within a three-kilometre radius of the DV
and the absence of conflict (ibid.). Access criteria refer, among others, to the reachability with
a car and the presence of stones and sand within three kilometres (ibid.). Stakeholder criteria
comprise for instance that the Woreda is willing to provide financial and technical support to

the DVs community exceeding a five years’ time span (ibid.)10,

The process of DVRPU implementation following when those requirement criteria are met
consists of seven steps, starting with (1) satellite identification and DV delineation (GIZ,
2023c). Image analysis and remote sensing are used to determine whether a site is biophysically
and socially appropriate, taking into account, among others, slope, terrain and flood occurrence
(ibid.). With the use of Digital Elevation Model data, DVs can be delineated to determine river
networks and channels which for Ethiopia has been done by the Ministry of Agriculture (ibid.).
The next (2) step involves the suitability assessment of a prospective DV, making use of a
suitability matrix, a rapid field appraisal method, filled out by experts (ibid.). Aspects like land
rights, institutional agreements, plant density, soil as well as hydrological and topographical
factors are evaluated, informing the decision about the type of rehabilitation measure to be

installed (ibid.). Then, key informants provide insights about prospects and difficulties (ibid.).

Subsequently, the (3) community participatory planning follows which informs native
communities represented by the users of the DV and generates understanding about every
aspect of the intervention (GIZ, 2023c). To ensure ownership and engagement, a representative
community planning team is elected from the local population (ibid.). This is guided by a
Woreda planning team including experts and a Kebele planning team including among others
the Kebele chairman and local Development Agents while in all teams women’s contribution
is secured (ibid.). Frequently conducted meetings within and between the teams which are filled

with visual first-hand experience about the rehabilitation are intended to facilitate information,

10 o complete list of evaluation criteria used can be found in table A.1 in appendix II.
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exchange, participation and consensus (ibid.). In the process, community-elected
representatives have the opportunity to visit rehabilitated DVs while finally bylaws are
developed regarding maintenance work provided by the communities’ individuals (ibid.).

If the community commits, (4), Dry Valley User Cooperatives (DVUCSs), in Ethiopia following
the model and regulations outlaid by Proclamation No. 1223/2020, are founded to administer,
secure and exploit the restored DV based on democratic decision-taking (GIZ, 2023c). This
also includes a cooperative agency which subsequently provides capacity-building to the
members and audits to analyse compliance and finances of the DVUC (ibid.). The (5) technical
and budgetary planning, created with the close and detailed advice of Kebele and Woreda
teams, is designed for the long term and comprises in-depth objectives, tasks and key milestones
for each year while community involvement is ensured through one planning meeting per year
to evaluate the progress and revise the roadmap for the next year (ibid.). The communities’
knowledge is used to assess available resources of the area which provides a base for outlining

the construction of physical and biological means and subsequent use of the DV (ibid.).

The (6) construction phase engages the local community based on the bylaws agreed on before
and makes use of local insights (GIZ, 2023c). The main technologies used involve WSW, dry
stone measures and check dams!1, all of which reduce speed of floodwaters and divert them,
leading to the above-mentioned effects (ibid.). WSW stretch over the complete dry river bank
including the gully to distribute the water over the surrounding land while channelling excess
water to the next structure (ibid.). Biological measures1? complement physical constructions to
more efficiently prevent erosion (ibid.). The combination of those measures reduces the speed
of seasonal floods which allows the water to infiltrate the soil, thereby recharging subterranean
water and depositing rich soil which refills the gully (ibid.). Consequently, extremely

productive land is formed offering opportunities to produce food as well as fodder (ibid.).

11 pry-stone Measures are built in cascades with loose stones utilized to fill up gullies up to 1.5 metre deep (GIZ,
2023c, p. 31). Check dams encompass the following measures. Masonry check dams (MCDs) are built into
mostly stony gullies until a depth of four metres using cement (GIZ, 2023c) and are counted as well as WSW
(Glz, 2024b). Gabion check dams, stabilised by durable wire mesh called gabion, work in a similar way to
MCDs (GlZ, 2023c). They are installed and fixed into gullies, are built lower than MCDs and especially
useful for securing deeper gullies and regulating water flow (ibid.).

12 Biological measures include grass strips and live check dams. The former are planted following the contours
of the constructed measures with a width of one to three metres. Among others, they enforce and support the
physical structure while also generating biomass which can be used as forage (G1Z, 2023c). The latter are a
cost-effective measure to reduce erosion (ibid.). They consist of a strategic mix of various grasses and other
plant species placed horizontally in the gully to decrease the speed of water (ibid.).
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This leads to the last step of the DVRPU Approach, the (7) productive use (GIZ, 2023c). It
allows to introduce Flood-Based Farming practices in the rehabilitated DVs (ibid.). This offers
opportunities to plant a diverse range of grasses, trees and crops suited to the individual DV
zones differing in their moistness to enable the community to benefit in terms of food security
and income diversification while preventing further erosion, improving water availability and
increasing biodiversity (ibid.). As (agro-) pastoral communities frequently do not have the
necessary skills to use the rehabilitated land in the most optimal way, the last step further
involves local capacity development, particularly regarding agroecological production

approaches which are essential for an effective utilization (ibid.).

A diverse range of short and long-term, direct and indirect advantages are envisaged through
the approach (GlZ, 2023c). With regard to water and soils, benefits include the formation of
fresh arable land, augmenting groundwater levels, carbon capture and alleviation of damages
caused by flooding (ibid.). From an agricultural lens, the approach, among others, facilitates
multiple harvests with the use of few inputs, allows the cultivation of a broader crop range
including cash crops, prevents oversalted and acidified soils and augments system resilience
(ibid.). Apart from this, social cohesion is enhanced through community collaboration while
the prevention of flood damages and augmented agricultural productivity including implied

health benefits result in diversified livelihood opportunities and, thus, less migration (ibid.).

DVRPU exhibited a potential to convert drylands into vegetation rich landscapes (G1Z, 2023c,
2023b). Large areas have already been rehabilitated (G1Z, 2022a, 2023c, 2023b) with the
construction of 508 WSW in total up to date, comprising eight structures in the Ethiopian
Oromia region, 98 in Afar region and 402 in Somali region13 (GIZ, 2024a), affecting up to
11,176 hectares across the country (G1Z, 2023c, 2024b). Of those structures, 77 have been built
by GIZ while the Ethiopian government, upscaling the technology, financed 408 weirs (GIZ,
2024a). The rest of constructions has been set up by various organizations mentioned above
(ibid.). The structures are complemented by further rehabilitation measures (G1Z, 2022a). The
entire DVRPU Approach has not been applied to its full extent in all sites due to its recent
development (G1Z, 2024b). In Afar, GETNET ET AL. (2022) found a huge productivity increase
and, thus, a considerable potential to augment food security in the region, even during dry

periods. In Somali region, WSW benefitted households in the surroundings and exhibited

13 Those figures include the MCDs which are counted as WSW as well. Of the 98 structures in Afar region, three
are MCDs. Of the 402 structures in Somali region, 42 are MCDs. In Oromia region, only WSW were
constructed.
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potential to create additional income opportunities (FSIABD CONSULT, 2021), among others
through augmented yields (SORPARI, 2024) while increasing community resilience (UNEP,
2022). Further research regarding the effects of WSW is provided in chapter 3.1.

2.5 Social-ecological systems

The afore-mentioned topics of drylands, land degradation, (agro-) pastoralism and land
rehabilitation as well as the DVRPU Approach can be conceptualized from a social-ecological
systems (SES) perspective. As defined by the INTERGOVERNMENTAL SCIENCE-POLICY
PLATFORM ON BIODIVERSITY AND ECOSYSTEM SERVICES (IPBES), SES

"are complex adaptive systems in which people and nature are inextricably linked, in which both the social and
ecological components exert strong influence over outcomes. The social dimension includes actors, institutions,
cultures and economies, including livelihoods. The ecological dimension includes wild species and the ecosystem
they inhabit” (IPBES, 2024).

Thus, the SES itself consists of the two dimensions biological ecology and people’s society
including their economy (CHAPIN, Il ET AL., 2009). The usefulness of such an approach
regarding the alteration of land systems has been, among others, acknowledged by LESLIE ET
AL. (2015) as it offers a frame for interconnected natural and human systems, centring around
the fact that humans rely on nature (FISCHER ET AL., 2015) and are responsible for it (CHAPIN
ET AL., 2010). This perspective, viewing humans as an element of the natural world, has also
been proposed by OKPARA ET AL. (2018) who argued that a SES lens is indispensable as it has

an informative and guiding effect to achieve the above mentioned SDG 15.3.

To analyse sustainability and outcomes of such complex networks, various frameworks were
developed, one example of which is the well-known SES framework created by OsTROM
(2009). It is a concept incorporating four subsystems, namely “resource systems”, “resource
units”, governance systems” and “users” (OSTROM, 2009, p. 420), each of which being
described by sets of variables (ibid.). OsTROM’s framework was deemed appropriate to be
applied to the phenomenon of degradation and landscape restoration for the purpose of
examining progress made as it does not only consider ecological outcomes but considers socio-
economic impacts (DUGUMA ET AL., 2015). Resource systems and their resource units represent

the ecological dimension while governance systems and users capture the social side (ibid.).

For drylands with their particular environment being described as dryland social-ecological
systems (DSES) which are “the most diverse yet highly vulnerable” (HUBER-SANNWALD ET
AL., 2012, p. 3158), a different framework has been used in large parts of dryland literature

(STRINGERET AL., 2017) and remarkably influenced the discourse around dryland development



26

(FU ET AL., 2024). For this specific type of system, where nature, culture and society is closely
interlinked (HUBER-SANNWALD ET AL., 2012), the Drylands Development Paradigm (DDP) was
created (REYNOLDS ET AL., 2007). Although it, unlike OSTROM’s approach (2009), does not
specifically point to the way institutional, political, cultural, economic and societal interrelating
grids can be interwoven (STRINGER ET AL., 2017), the DDP can guide rehabilitation and
mitigation specifically of degraded or deserted drylands (HUBER-SANNWALD ET AL., 2020), as
it provides a holistic frame for analysing dryland ecosystems to determine problems and seize

opportunities in favour of development (REYNOLDS ET AL., 2007).

It is an adequate concept as it takes into account the intricacy, variety as well as instability of
DSES (HUBER-SANNWALD ET AL., 2020) and incorporates key elements such as certain
variables, connections of stakeholders and different information sources (REYNOLDS ET AL.,
2007). The DDP is characterised by five principles (ibid.) laid out in the following.

(1) DSES represent the dynamical, co-adaptive result of the interrelations between human
subsystems such as economies or institutions and biophysical subsystems like climate or soil
across time and space (REYNOLDS ET AL., 2007). Those interconnected systems do not feature
an equilibrium point as continuous alterations are caused by external drivers like prices or
climate and internal factors such as smallholders’ decisions regarding land use (ibid.). Both
socioeconomic and biophysical spheres are equally important (ibid.).

(2) In contrast to “fast” (REYNOLDS ET AL., 2007, p. 849) and highly volatile variables, for
instance precipitation or crop yield, the dynamic development of DSES is mainly influenced by
“slow” (ibid.) socioeconomic and biophysical variables such as soil fertility and household
wealth worth of investigation as they indicate the degree of degradation and resource depletion

as well as upcoming potentials (REYNOLDS ET AL., 2007).

(3) The state of DSES may be transformed when the different thresholds of the range of slow
variables are crossed, affecting the systems economic, social or ecological dimensions and
leading to potentially nonlinear repercussions in all of them (REYNOLDS ET AL., 2007).

(4) DSES are nested, interlinked, multidimensional and incorporated into a hierarchical order,
involving multiple stakeholders with varying objectives across space and time with variables at
one scale impacted by variables of another scale (ibid.).

(5) To facilitate an efficient coadaptation of DSES, a continuously updated knowledge base
incorporating scientific research, policy experiences and local environmental knowledge is

necessary (ibid.).



27

Applied to the present research, the investigated DVs can be thought of a DSES vulnerable to
degradation and constitute, thus, a product of the numerous past and present alterations in
nearby as well as distant interconnected socio-economic and ecologic systems and subsystems
influencing them. A strongly interfering human subsystem is represented by (agro-)pastoralism
as a cultivation method which also affects the biophysical dimension. An external driver
impacting the interconnected grid is manifested in the phenomenon of climate change as it alters
weather patterns and exacerbates droughts and floods. Also, market prices are changing the
system as external influential factors as they may induce changes in agricultural practice or land
use alterations. Contrasting this, the internal factor soil quality may be altered due to heavy

machines employed by inhabitants to reach efficient production possibilities.

Fast variables such as precipitation and crop yield highly influence the lives of (agro-)
pastoralist communities living in those DVs in the short-term while soil fertility or water
availability constitute slow variables having a longer-term effect. Floodwater, previously being
distributed overland, but at some point redirected to erosion gullies represent a nonlinear change
connected to a crossed threshold (REYNOLDS ET AL., 2007) strongly affecting social, economic
and ecological dimensions of the DVs. Stakeholders of the DV are not only local (agro-)
pastoral communities, but also a range of local and national state and non-state actors as well
as international institutions as described before which all are influencing fast and slow
variables. Governmental donation programmes for fertilizer and pesticides for instance may
have an effect on fast variables such as crop yield. As another example, food aid, on which
people depend for their livelihoods, might decrease incentives for domestic agricultural
production (GELAN, 2007; GIlZ, 2024b). (Agro-) pastoralists’ local knowledge about their
environment coupled with local and non-local research as well as expertise from various active

organizations and institutions may contribute to the sustainable development of those DVs.

The DVRPU Approach may well be linked to all five principles featuring REYNOLD’S ET AL.
(2007) DDP framework. DVRPU, alongside governmental stakeholders and international
actors as well as local NGOs, is intended to holistically rehabilitate the DVs under investigation
within the present research while assessing and recognizing the highly interwoven human and
natural subsystems as well as external and internal drivers. The approach, among others,
particularly tackles water availability and soil fertility which represent slow variables having
been described within the DDP as decisive to address degradation. Determining variables
already have crossed at least one important threshold manifested in meter-deep gully erosion.

Another important threshold may be the uncontrolled proliferation of invasive species. The
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hierarchy surrounding the DV is acknowledged as the various actors such as regional
government, Woreda and Kebele authorities as well as local (agro-) pastoralists are involved,
which provides opportunities for synergies to evolve and uses various bodies of knowledge.

The main focus of the present research was laid on WSW as dominant rehabilitation measure
and one of the human subsystems of the DSES, the (agro-) pastoralist communities, while in
particular their agricultural practices, crop choice and drivers impacting it as well as agricultural
profitability and factors influencing this were of special interest. Therefore, when relating the
investigation to the DDP framework depicted before, the study envisaged the examination of
the rather fast variable of agricultural profitability affecting the system in the short-term. While
some interview questions also related to slow variables such as water availability, the majority
of data collected in the frame of the present research does not necessarily allow inference on
the long-term development of the rehabilitated DVs. However, it creates a comprehensive
snapshot of and insights into the actual local living conditions (agro-) pastoralists experience

currently and therefore serves the purpose of the research objective.

3 LITERATURE REVIEW

3.1 Water-spreading weirs as rehabilitation technology

Despite the some stakeholders and actors interested and engaged in land restoration in the
lowlands in general and in Somali region in particular (G1Z, 2024a; MOHAMMED & KENADID,
2020), the investigation of rehabilitation efforts is a lot less than in the highlands as in higher
altitude zones a lot more measures have been implemented (ABERAET AL., 2020). Also, studies
relating to the particular technology of WSW in Ethiopia are scarce. WSW have been installed
in the Sahel already in the 1990s (NILL ET AL., 2012; VAN DEN AKKER ET AL., 2015; WOCAT
SLM DATABASE, 2012), however, the method there still requires further development in terms

of maintenance and community ownership (NILL ET AL., 2012).

Looking at Ethiopia’s Afar region, the traditional measures the country implemented against
land degradation were adopted only at very low to low rates (MOTUMA ASSEN & ASHEBO,
2018). WSW represent a more recent and innovative intervention method which has been
introduced in Afar region by GIZ (DOUTHWAITE & GETNET, 2019; GETNET ET AL., 2022) in
2014 (GlZ, 20244a). After verifying the potential WSW also offers regarding an implementation
in Somali region (AMEDE ET AL., 2018; DOUTHWAITE & GETNET, 2019), the technology has
been installed there as well (G1Z, 2023b; UNEP, 2022), starting from 2018 (G1Z, 2024a).
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WSW represent a more recently developed means of soil and water harvesting (VAN DEN AKKER
ET AL., 2015) to decrease, hinder and recover degradation, particularly the erosion of soil caused
by water and degradation of water bodies (WOCAT SLM DATABASE, 2012). WSW constitute
a physical water buffering technique (TUINHOF ET AL., 2012) inspired by traditional flood
management systems (AMEDE ET AL., 2018, 2022; GETNET ET AL., 2022) which, constructed in
cascades (CALOW ET AL., 2018), stretches over the entire river bank and distributes the water
on the neighbouring land (AMEDE, 2017). Low retention walls constructed with natural stones
and cement comprise a spillway within the bed of the river, flanking restraints and wing walls
(AMEDE ET AL., 2018, 2022; NILL ET AL., 2012; VAN DEN AKKER ET AL., 2015; WOCAT SLM
DATABASE, 2012), an illustration of which is demonstrated in figure 1 in appendix I. The
induced flooding can lead to different outcomes (WOCAT SLM DATABASE, 2012) laid out in

the following.

Knowledge about WSW is concentrated among a few countries (WOCAT SLM DATABASE,
2012). The effects of those rehabilitation measures have been studied in the Sahel (NILLET AL.,
2012; SCHONING ET AL., 2012; WOCAT SLM DATABASE, 2012) and in the Afar region of
Ethiopia (AMEDE, 2017; AMEDE ET AL., 2018, 2022; CALOW ET AL., 2018; GETNET ET AL., 2022;
VAN DEN AKKER ET AL., 2015) after GIZ introduced them there (DOUTHWAITE & GETNET,
2019). Agricultural practices in zones rehabilitated with WSW in Afar have been demonstrated
(AMEDE, 2017; DOUTHWAITE & GETNET, 2019). For Somali region, effects of WSW have been
studied as well (SORPARI, 2023, 2024; UNEP, 2022). Apart from this, more insights regarding
the topic may be offered by studies of other land restoration methods such as investigations of
floodwater use in spate irrigation systems in Eritrea and Iran (MESBAH ET AL., 2016; TESFAI,
2001; TESFAI & STERK, 2002; TESFAI & STROOSNIJDER, 2001).

The purpose of WSW placed at the valley floor is to collect, retain and redirect excess water
from unpredictable precipitation and intense floods originating in the highlands while slowing
the velocity of the water (AMEDE ET AL., 2018, 2022; GETNET ET AL., 2022; KETTER & AMEDE,
2017; WOCAT SLM DATABASE, 2012). The effect is augmented water infiltration (FSIABD
CONSULT, 2021; KETTER & AMEDE, 2017; TUINHOF ET AL., 2012; VAN DEN AKKER ET AL., 2015;
WOCAT SLM DATABASE, 2012) and distribution of sediments (GETNET ET AL., 2022; TUINHOF
ET AL., 2012; VAN DEN AKKER ET AL., 2015), resulting in improved soil moistness (AMEDE ET
AL., 2018, 2022; APARI, 2023B; SORPARI, 2023; TUINHOF ET AL., 2012; WOCAT SLM
DATABASE, 2012) and groundwater replenishment (GIZ, 2023c, 2023B; MESBAH ET AL., 2016;
TUINHOF ET AL., 2012; VAN DEN AKKER ET AL., 2015; WOCAT SLM DATABASE, 2012).



30

Water availability in general rises (AMEDE, 2017; G1Z, 2023B; SORPARI, 2023; WOCAT SLM
DATABASE, 2012) while overflow is channelled onwards (AMEDE, 2017) and the creation of
water storage is possible to sustain livestock (SORPARI, 2024). WSW decrease erosion
(AMEDE ET AL., 2018, 2022; GETNET ET AL., 2022; G1Z, 20228B; NILL ET AL., 2012; SORPARI,
2023, 2024; WOCAT SLM DATABASE, 2012), safeguard the riverbank (VAN DEN AKKER ET AL.,
2015), stabilize the gullies (SORPARI, 2023) and place sediments into them refilling them
ultimately (AMEDE ET AL., 2022; GETNET ET AL., 2022; KETTER & AMEDE, 2017; NILL ET AL.,
2012; SORPARI, 2024; VAN DEN AKKER ET AL., 2015; WOCAT SLM DATABASE, 2012).

They expand the fertile part of the land (GIZ, 2023c; NILL ET AL., 2012; SORPARI, 2023;
WOCAT SLM DATABASE, 2012) and enhance built-up of rich soil (APARI, 2023B; GETNET ET
AL., 2022; GlZ, 2022B; KETTER & AMEDE, 2017; VAN DEN AKKER ET AL., 2015; WOCAT SLM
DATABASE, 2012) which alters the quality of the land (AMEDE, 2017). Soil organic carbon stock
is improved which is important for productivity and health of the soil (SORPARI, 2024).
Sedimentation of fertile soils may augment water holding ability as well as improve physical
and chemical soil properties resulting in fewer necessary inputs (GETNET ET AL., 2022; TESFAI,
2001; TESFAI & STERK, 2002; TESFAI & STROOSNIJDER, 2001) which reduces production costs
(TESFAI & STERK, 2002).

Enhanced crop and forage productivity (GIZ, 2023b) and multiple harvests are likely (GlZ,
2023c) as well as higher crop yields (GETNET ET AL., 2022; GIZ, 20228B; NILL ET AL., 2012).
Raised production of biomass has been documented (AMEDE, 2017; AMEDE ET AL., 2022;
APARI, 2023B; GETNET ET AL., 2022; GlZ, 2023B; SORPARI, 2023, 2024; WOCAT SLM
DATABASE, 2012), backed up by investigations using remotely sensed data (KOHLING &
HOLTER, 2022). This opens up opportunities to utilize the rehabilitated areas for food and forage
production (KETTER & AMEDE, 2017) which has been reported for rehabilitated sites previously
non-suitable for the cultivation of crops (AMEDE ET AL., 2022) in Afar through the International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT).

There, four differing crop management zones have been identified in which specific plants may
be particularly suitable (AMEDE, 2017; AMEDE ET AL., 2022) while food and forage productivity
differ significantly depending on the location of the field within the DV catchment and, thus,
its water content (GETNET ET AL., 2022). A differentiation of crop production in the direction of
vegetables is possible (G1Z, 2023c). In Afar region, a diversification has been reported

including more grain types, various legumes and forage grasses (AMEDE ET AL., 2022) while
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for Somali region, the production of vegetables as well as multiple harvests has been
documented (FSIABD CONSULT, 2021; SORPARI, 2024).

In the Sahel, a considerably higher yield was documented for millet in Chad (WOCAT SLM
DATABASE, 2012). A rise in cultivated area, production as well as yield were observed in Niger
(BETIFOR, 2010 cited in SCHONING ET AL., 2012). The yield of crops has been studied also for
sites in Afar (AMEDE, 2017; AMEDE ET AL., 2018, 2022). An increase in the output in cereal
production has been found on experimental plots in that region (AMEDE, 2017; AMEDE ET AL.,
2018, 2022; GETNET ET AL., 2022; KETTER & AMEDE, 2017). Chemical fertilizers were reported
to be obsolete due to the richness of the soil (AMEDE ET AL., 2022; GETNET ET AL., 2022) and
weeds were documented only in limited numbers (AMEDE ET AL., 2022). Another study found
crop cultivation of maize and sorghum compared to no arable production at all in control sites,
either being due to the consequences of the recent conflict (APARI, 2023b) or entirely to be
attributed to the effects of the WSW (APARI, 2023a). For Somali region, yield increases were
documented as well (SORPARI, 2022). SORPARI (2024) reported significant maize and

sorghum yield increases in rehabilitated DVs, in addition to introduced double cropping.

3.2 Gross margin analysis globally, in Ethiopia and Somali region

As mentioned in chapter 2.1, GM calculations are used frequently for crop production and can
be found for many parts of the world. They were employed for instance for wheat in Australia
(FLOWER ET AL., 2017), various cropping patterns of potatoes in Europe (PEDERSEN ET AL.,
2005), comparison of tillage systems in Turkey (DEMIR & G6zUBUYUK, 2020), mung beans in
West Timor (BENU ET AL., 2010), various vegetables in Nepal (PANDEY & GAUTAM, 2021),
wheat and maize in China (HAET AL., 2015), wheat in Morocco (DEVKOTA & ATNAFE YIGEZU,
2020), the financial performance assessment of food security projects in arable farming in South
Africa (BALOYI & MAUTJANA, 2018), sesame (ABU ET AL., 2011), cassava (EBUKIBA, 2010),
cereals and legumes (SUMAKA, 2017) rice (ODOEMENEM & INAKWU, 2011) as well as soybeans
in Nigeria (OGBANJE, 2023), oil palm in Ghana (DiokoTO & ZIGAH, 2021), beans in Malawi

(KASONGA, 2018) and rice in Cameroon (DJjomo CHOUMBOU ET AL., 2015).

Nevertheless, the brief literature review for the present research indicated that especially for
Ethiopia studies involving the calculation of GMs seem to be rare. Examples of the few studies
include a GM study for various enterprises such as crops and livestock as well as honey
production having been conducted for Tigray, Oromia and Amhara to evaluate the impact of
the governmental sustainable land management programme supported by various donors

(GRORE-RUSCHKAMP, 2015). Apart from that, for Oromia, factors influencing the
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commercialisation of potatoes (MELESSE, 2016), drivers affecting the GM of the same crop
(MERSHA ET AL., 2017) and market performance as well as profitability of vegetable crops
(ALIYI ET AL., 2021) have been assessed, all of which use also GM calculations. For Somali
region, respective studies comprise an investigation of the livestock market (TADESSE ET AL.,
2022), and a fodder market assessment conducted for GI1Z (EAST AFRICA ENGINEERING AND

GENERAL CONSULTANT, 2018).

While the assessment of factors influencing output has been employed more numerously
(NKADIMENG ET AL., 2021), for instance in Nigeria (ODOEMENEM & INAKWU, 2011; SUMAKA,
2017) or Swaziland (XABA & MASUKU, 2013), investigations of drivers of GMs are seldomly
found. Few examples include KASONGA (2018) who studied the influence of sex, age, marital
status, income, experience, farm size, extension services, seed used, fertilizer, labour, total
variable cost, cooperative membership and total harvest on GM of beans in Malawi. SUMAKA
(2017) assessed the impact of age, education, household size, output and mode of farming14 on
GMs of legumes and cereals in Nigeria. XABA & MASUKU (2013) researched about the effect
of age, experience, education, sex, access to credit, access to extension service, access to market
information, land under vegetables, number of dependants and distance to market on the GM
of vegetables in Swaziland. Apart from that, SAMUEL & IDRIS (2021) examined how amount of
credit, experience, savings, farmland, sales, investment, expenses for agrochemicals, cost of
machinery and distance affect the profitability of soybeans in Nigeria. Drivers influencing the
GM of livestock have been researched as well (NKADIMENG ET AL., 2021).

Regarding Ethiopia, MERSHA ET AL. (2017) researched about factors affecting GMs of potatoes
and included gender, age, household size, level of education, cultivated area, production
expenses, access to irrigation, credit, extension service and information about the market as
well as livestock ownership as potential drivers. Thematically similar research include the
examinations of determinants of production inefficiencies in crop cultivation in Amhara
(MussA ET AL., 2012), studies of technical efficiency in wheat production in the same region
(GEBRIE, 2018), exploration of technical efficiency in the cultivation of crops in Tigray
(SHUMET, 2011), an investigation of economic efficiency in barley cultivation in Amhara
(WOLLIEET AL., 2018) and an assessment of economic efficiency in onion production in Somali

region (YASIN, 2020). Apart from that, also studies not using regression analysis to investigate

14 The mode of farming refers to full or part time.
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drivers of GMSs (Djomo CHOUMBOU ET AL., 2015; KEBA & MILKIAS, 2020; ODOEMENEM &

INAKWU, 2011) provide insights regarding potentially influential factors for GMs.15

This compilation of the investigated literature regarding the topic of GMs and their drivers is
complemented by data regarding area, production and yield of various crops being provided by
the Central Statistical Agency (CSA) (2021b), although those lack various values for Somali
region. Calculated yields complemented in parts by estimations of production costs and GMs
are also provided by further studies (EAST AFRICA ENGINEERING AND GENERAL CONSULTANT,
2018; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018; MOHAMMED RESHID CONSULTANCY,
2018; SORPARI, 2023, 2024). Nevertheless, the lack of studies regarding the calculation of
GMs as well as the assessment of influencing factors point to a considerable research gap
particularly for Somali region while this, due to the livestock production system the region is
based on (EID, 2014; GlZ, 2023c; MERCY CoRPs, 2020) is not surprising at least regarding the

crop production part.

4 RESEARCH DESIGN, MATERIALS & METHODOLOGY
For the present research, a mostly quantitative approach was envisaged, being based on the
review of documents and reports related to the DVRPU Approach as well as other literature

available related to the topicl6.

4.1 Description of study area

The study site is situated in Somali region, in its Fafan zone (FSIABD CONSULT, 2021) within
the upper catchment (WETLANDS INTERNATIONAL, 2016) and close to the regional and zone
capital Jigjiga. Somali is the second biggest region of Ethiopia, divided into nine zones and
further separated into around 100 Woredas (GEBREMESKEL ET AL., 2019) subdivided into
Kebeles (DESTRIICKER ET AL., 2023). The dominant ethnicity is Somali (MOHAMMED RESHID
CONSULTANCY, 2018) and the area is identified as (agro-) pastoralist (GEBREMESKEL ET AL.,

2019), owning the largest livestock population compared to other regions (SORPARI, 2023).

15 A compilation of potential socio-economic, environmental, institutional and financial drivers of GMs as well
as influencing factors related to agricultural practices and the GM calculation itself can be found in tables A.2
to A.6 in appendix Il. Table A.7 shows potential factors influencing the sold share of crops produced. Some
of the studies mentioned in this chapter and in the tables originate from low ranked, not ranked at all and even
predatory journals as the research coverage is slim regarding the topic. Nevertheless, they should be
mentioned to allow for a complete picture.

16 Relevant literature was searched using academic databases such as Google Scholar, ResearchGate, Science
Direct or JSTOR and platforms such as Academia, Wiley as well as online libraries of World Bank, IMF and
FAO. Journal rankings were monitored and publishers were compared to Beall’s list. The searching language
was English.
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The majority of scores in socio-economic indicators are worse compared to average values
achieved for the country (MOHAMMED RESHID CONSULTANCY, 2018; WORLD BANK, 2019a).
For instance, the Multidimensional Poverty Index for Somali region lies at 80.1 (WORLD BANK,
2019a). Ethiopian Somali women give birth to 7.2 children on average (ibid.). Literacy rates
reach 48.1 per cent for men and 36.9 per cent for women, while the national mean lies at 61.1
and 47.0 per cent (ESS & WORLD BANK., 2023). The share of men without education comprises
44.8 per cent and 75.3 per cent for women (GEBREMESKEL ET AL., 2019).

A percentage of 80 per cent of Somali region’s surface area belongs to the lowlands, the rest
being hilly and mountainous (ZERFU ET AL., 2010, as cited in MOHAMMED & KENADID, 2020).
The altitude varies between approximately 300 and 1600 metres (MOHAMMED & KENADID,
2020). While precipitation levels move from 300 to 500 millimetres per year,
evapotranspiration varies between 1750 and 3100 millimetres annually (ibid.). This lack of
moisture classifies the region as dryland according to the information laid out in chapter 2.2.
The semi-arid and arid climate features temperatures between 20 and 45 degrees Celsius
(MoHAMMED & KENADID, 2020). The region experiences irregular precipitation and flood
events (GEBREMESKEL ET AL., 2019), originating in the highlands (NLRC & ERCS, 2018).

Animals kept include camel, small ruminants and cattle (ESS, 2022; GEORGIS, 2010), mules,
donkeys, poultry (ESS, 2022) and bees (EAST AFRICA ENGINEERING AND GENERAL
CONSULTANT, 2018; ESS, 2022; FIELD TRIP, 2023; FSIABD CONSULT, 2021; GIZ, 2023A).
Cereals produced in Somali region comprise maize, sorghum, wheat, barley, teff, rice, oats and
millet while also vegetables such as onion, tomato, garlic, carrot, potato, beetroot, cabbage,
watermelon, pepper and pumpkin are cultivated. Further, pulses like chickpea, different types
of beans and peas can be found. Apart from that, forage such as Sudan and elephant grass, in
addition to oilseeds like sesame, ground nut and wild sunflower and other crops such as khat1”
and greenleaves are grown. Finally, tree fruits like banana, orange and avocado are produced18.
The mean landholding size is 1.1 hectares of which on average 0.1 hectares are cultivated (ESS
& WORLD BANK., 2023).

Fafan zone has been classified as a mixed agro-ecological environment (SORPARI, 2023). Soils

in its upper catchment include “vertisols, cambisols, luvisols, and leptisols” (ibid., p.13) leading

17 Khat represents a plant-based drug (Hurni et al., 2015) competing with food production (Destrijcker et al.,
2023).

18 A detailed list with agricultural and horticultural products from Somali region including their mentioning in the
literature is provided in table A.8 in appendix II.
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to the conclusion that the majority of the zone is not or only moderately fertile (SORPARI,
2023). Reasons for the lack of soil fertility are, among others, soil erosion and invasive species
(ibid.). Nevertheless, 56 per cent of the total surface is used for crop cultivation (ibid.). The
year is split into the wet season Gu’u lasting from March to September which includes the
growing season from March to June, and the dry season Jilal extending from September to
March (ibid.)19. Most crops are cultivated during Gu’u season (March to September) which
provides the base for mostly rainfed crop production being dominated by cereals with 68 per

cent of the entire area and 85 per cent of total production (ibid.).

In Fafan, a change from pastoralist to agro-pastoralist (HEDBEZ BUSINESS & CONSULTANCY
PLC, 2018; SORPARI, 2023) and sedentary way of life can be observed (SORPARI, 2023). This
means that for instance the land around Jigjiga is possessed exclusively by farmers being able
to exert all rights coming with ownership in contrast to the traditional land ownership in Somali
region which is related to being a clan member (HEDBEZ BUSINESS & CONSULTANCY PLC,
2018). Households own two hectares on average, controlled mostly through men (SORPARI,
2023). Farm activities and decisions are also mainly undertaken by men (ibid.). This includes
everything relating to camel and cattle, while women are more in charge for sheep and goats
(MoHAMMED RESHID CONSULTANCY, 2018; SORPARI, 2023). The family as well as neighbours

within work-sharing agreements provide the majority of labour (SORPARI, 2023).

In the area, arable production dominates livestock herding and crops are cultivated mainly for
home consumption (SORPARI, 2023). Prevailing and continuously cultivated grains are
sorghum and maize, further pulses like groundnuts or chickpeas are grown, as well as
vegetables such as tomato or onion using irrigation while fruit production is scarce (ibid.).
Access to extension service, markets, improved crop varieties and labour is limited and usage
of pest control and fertilizer is scarce while heavy machinery recently is utilized often due to

the difficulties to keep oxen because of frequent droughts (ibid.). This results in low

19 Gu’u season is separated further into “dira’ (late March - late May), Hagaa (late May - late July), and Karan
(late July - late September)“ (SORPARI, 2023, p. 81). Jilal season is split into “deyr (late September - late
November) and kalil (late November - late March)“ (ibid.). While during the data collection, the Gu"u season
timing was confirmed, implying that planting for Gu‘u takes place in March and harvesting in June, CSA
reports differently in their surveys. CSA separates survey reports into main and short rain season named
Meher and Belg (CSA, 2022b). Meher refers to a larger rainy season lasting from June to September while
Belg extends from February to May (ibid.). “Belg Season Crops are defined as crops that are harvested during
the months of March to August, while crops that are harvested during September to February are considered
as Meher season crops® (CSA, 2022b, p. 7). This creates confusion as larger yields are reported through CSA
for Meher, although this constitutes the less important season for Somali region. Exemplary sources for this
are provided in chapter 5.3.
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productivity (ibid.) while perceived core challenges are “limited access to improved crop
technologies, recurrent drought, pest damage and limited access to mechanization services”
(SORPARI, 2023, p. 18).

Two DVs situated in Jigjiga South and rehabilitated within DVRPU were selected for the study
due to their similar geographical and agrophysical conditions. Amadle and Harre respectively
cover around 9033 and 47458 hectares and are located 20 and 30 kilometres from Jigjiga
(FSIABD CoNsULT, 2021). Both feature a relatively flat surface with a gentle slope between 1.3
and 1 per cent for Amadle and Harre respectively (ibid.). Altitudes in Amadle vary between
1485 and 1785 metres, in Harre between 1470 and 1890 metres and both DVs are characterised
by a subtropical highland climate with precipitation levels between 600 and 700 millimetres
per year (ibid.). Both DVs feature gullies, pasture, cropland and settlements (ibid.). While in
Harre ten WSW are constructed, in Amadle 12 were installed20. The majority of soils are
luvisols and cambisols which, when properly treated, are usable for crop production (FSIABD
CoONsuULT, 2021). Both DVs are inhabited mainly by (agro-) pastoralists (ibid.). The sample on
which the present research is based solely includes those (agro-) pastoralists directly benefitting
from the WSW, that is, directly cultivating on the rehabilitated land in front of, behind or next

to the structures.

4.2 Method of data collection

Data used for the present research consist of secondary and primary type. Secondary data were
used to conduct a brief literature review centring around the topic and its conceptual foundations
as laid out in chapter 2. Further, those data were utilized to summarize studies investigating
effects of WSW as demonstrated in chapter 3.1. Finally, secondary data were also used to create
the questionnaire to collect primary data. Crucial information for this was, on the one hand,
related to which crops are produced in Somali region, Fafan zone and the selected DVs. To
collect as much information as possible, it has been decided to include all crops cultivated in
Somali region as mentioned in chapter 4.1 into the questionnaire. On the other hand,
information obtained from secondary sources was important to create the questionnaire itself
which was supposed to allow detailed GM calculations as well as the investigation of factors

influencing GMs as described in chapter 3.2. Consequently, the studies mentioned which

20 The exact number of weirs was determined during the data collection. GPS lines were taken from them in
addition.
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include GM calculations as well as examinations of drivers affecting GMs were used as

guidelines.

The final questionnaire contained mostly closed-ended questions related to information
indispensable for the proper calculation of GMs obtained such as expenses for labour,
machinery and inputs like seeds, fertilizer, pesticides, fungicides, insecticides and herbicides.
Further, some questions referred to factors?1 which, according to the reviewed literature, may
influence GMs such as socio-economic parameters?2, The primary data were collected in
November 2023 in collaboration with GIZ Ethiopia through face-to-face interviews conducted
with a structured survey questionnaire developed with Kobo Toolbox. The investigated period
comprised the Gu’u season 2023 (March to September) as well as the Jilal season 2022/2023
(September to March). A five day pilot phase was used for an extensive briefing and training
of the enumerator, testing and adjustment of the survey ensuring comprehensibility of all
questions and a smooth interview process. In the following ten days interviews were conducted

with a GIZ staff translating into the local Somali language.

According to information obtained through Kebele Officials, the direct beneficiaries of the
WSW include 48 (agro-) pastoralist household heads, more specifically 22 in Amadle and 26
in Harre. Due to the small number of potential participants and in order to compile a picture of
the situation on the ground as detailed as possible, it has been decided not to sample randomly
but rather collect data from all beneficiaries. This was successful due to the help of local GIZ
staff, Development Agents, Kebele Officials and participants themselves. Only four members
of the population were not available for an interview, resulting in a final dataset covering

Amadle and Harre with 21, respectively 23 participants.

4.3 Hypotheses

Hypotheses were developed based on the review of existing studies regarding effects and
implications of WSW for the biophysical environment as well as agricultural practices and
performance as laid out in chapter 3.1. Further, existing research investigating GMs and their
influencing factors as described in chapter 3.2 guided the formulation of the hypotheses to be
examined. Finally, the particularities of Somali region and the study area as well as the

investigated local (agro-) pastoralist communities were taken into consideration. All together

21 Tables A.2 to A.6 in appendix Il show a compilation of potential factors influencing GMs and provide
information which were included in the questionnaire.

22 A shortened version of the questionnaire used is provided in table A.9 in appendix II.
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facilitated the creation of the following hypotheses to be tested in the course of the research

work.

1 After the construction of water spreading weirs (WSW), agro-pastoralists in the Somali
region, Ethiopia, cultivate more vegetable types then before.

2: The profitability differs across crop types.

2.1:  The profitability is higher for vegetables than for cereals.

3: Overall profitability increases with agricultural experience, the use of fertilizer, the use
of pest control mechanisms and the availability of water.

4: Mainly cereals are cultivated compared to vegetables because of risk aversion of the
family heads, easier storage possibility, drought resilience, subsistence agriculture and
the dual-use benefit for livestock production.

Note: Vegetables (including legumes and fruits) constitute tomato, onion, garlic, carrot,
potato, pumpkin, watermelon, beetroot, cabbage, pepper, beans, field pease, chickpea

and greenleaves. Cereals constitute teff, barley, wheat, sorghum, maize and millet.

Hypothesis 1 refers to diversification of crop production in direction of vegetables, one of the
effects envisaged by the DVRPU Approach. Vegetable farming in those DVs has been reported
(FSIABD CoNsuLT, 2021) while according to SORPARI (2023), vegetables were not produced
continuously and only in low numbers in the years 2013 to 2016 and 2017 to 2018, that is, until
the start of the intervention. Accordingly, the topic was worth of further examination in the
present research. Hypothesis 2 attempts a similar analysis as has been done in some of the
literature such as PANDEY & GAUTAM (2021) to determine which crops are significantly higher
than others regarding their profitability. Hypothesis 2.1 addresses the question whether
vegetables in general would be a recommendable crop in the described setting.

Variables included in hypothesis 3 are based on the literature (KASONGA, 2018; NKADIMENG ET
AL.,2021; SUMAKA, 2017; XABA & MASUKU, 2013)23. In case of fertilizer, although soil fertility
is assumed to be increased in the surrounding of the WSW as described in chapter 3.1, it is
presumed as well that additional inputs have a significant augmenting effect (KEBA & MILKIAS,
2020; SHUMET, 2011; WOLLIE ET AL., 2018). Pest control was selected as pests were reported

23 In this context, tables A.2 to A.6 in appendix |1 show a compilation of potential socio-economic, environmental,
institutional and financial drivers of GMs as well as influencing factors related to agricultural practices and
the GM calculation itself. They provide additional information for each variable related to significance in
other studies, whether they were reflected in the survey for the present research, whether they were included
in the modelled regressions and the expected sign of the effect.
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already during the fieldtrip in July and constitute a common risk in crop production in general
(KAHAN, 2008), leading to lower yields (ODOEMENEM & INAKWU, 2011; WOLLIE ET AL., 2018).
Pest control is expected to have an increasing effect. Experience is expected to lead to a better
understanding of all processes connected to crop production (YASIN, 2020) and, therefore, is
assumed to increase the GM as well. Water availability was included with particular reference
to one of the main functionalities of the WSW as described in chapter 3.1. It is expected to

increase yields (WOLLIE ET AL., 2018).

Hypothesis 4 attempts to give a starting point for further analysis about factors influencing
whether vegetables or cereals are produced, therefore providing insights around the topic of
income diversification with vegetable production. As grains like maize and sorghum are most
important in the study area, they represent a meaningful starting point for such analysis. Cereals
are assumed to be associated with less investment and less risk, as vegetables are more
perishable (MEZGEBE ET AL., 2016; MOHAMMED RESHID CONSULTANCY, 2018); therefore, risk
averse (agro-) pastoralists are expected to produce more cereals. Further, vegetables are
expected to be stored less easily (MEzGEBE ET AL., 2016), and therefore, worse storage
opportunities are expected to lead to an increased cereal production. Cereals, particularly
sorghum, feature drought resilience qualities (DERESE ET AL., 2018) which is why they may be
increasingly produced in dryland settings. Vegetables are expected to provide income
opportunities (SCHREINEMACHERS ET AL., 2018) rather than being consumed large-scale at
home, like cereals such as sorghum and maize (SORPARI, 2023); in consequence subsistence
producers are expected to produce mainly cereals. Finally, cereals, through straw and leaves,
provide also forage for livestock (EAST AFRICA ENGINEERING AND GENERAL CONSULTANT,

2018), making those crops particularly preferable for (agro-) pastoralists.

4.4 Methods of data analysis

The collected data were processed and analysed using RStudio. After data cleaning, they were
investigated with descriptive methods, statistical tests and regression analyses as well as GM
calculation. The examination of frequencies, means, standard deviations and percentages was
used in the present research to explore particularly socio-economic features of participating
(agro-) pastoralists as well as particularities of practiced agriculture and perceptions about crops
produced, a descriptive approach following the example of various studies mentioned in chapter
3.2. Further, the data collected was used to calculate output as well as GMs per hectare as a

proxy of profitability of the different crops produced within the two DVs. Subsequently,
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averages were obtained. The GM was calculated employing a basic equation (1) used in various

reviewed studies (DEMIR & G6zUBUYUK, 2020; ODOEMENEM & INAKWU, 2011).

GM=TO*P-TVC (1)
where:
GM = Gross margin per hectare in birr
TO = Total output per hectare in kilogram
P = Price per kilogram in birr

TVC =Total variable cost per hectare in birr

The formula was decomposed into several parts and adapted to the case of the present research.
Output was defined as amount produced instead of amount sold as has been done also by EAST
AFRICA ENGINEERING AND GENERAL CONSULTANT (2018) and, similarly, by DEVKOTA &
ATNAFE YIGEzU (2020). Thus, the entire produced quantity was considered in the equation so
that home consumption was equally valued like sold produce. Output counted in bags produced
was divided by the amount of Qodi cultivated and further divided by four as one Qodi translates
to 0.25 hectares. This was multiplied by the average of the farmgate prices per bag reported by
the (agro-) pastoralists, similar to the approach used by DEVKOTA & ATNAFE YIGEzU (2020).
From the output per hectare in this way valued monetarily in birr, total variable cost per hectare
in birr was deducted. Following the recommendation of PENOT ET AL. (2021), an attempt was
made to include all variable expenses for labour and inputs in the calculation. In case of this
research, those costs are composed by the rental cost for machinery, input expenses for seeds,
fertilizer and pesticides as well as labour costs?4 for all stages including land preparation,

sowing, weeding, spraying and harvesting.

24 The cost for labour was proxied through questions posed occasionally to survey participants. People indicated
having received or paid 500 birr and 300 birr for an eight-hour working day. The average of those were taken
for the calculation corresponding to 50 birr per hour.
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Table 1: Scheme for gross margin calculation
Ol - < Bags produced ) :
(per ha in birr) S SEEEET * Average farmgate price (per bag)
— w—
-Total variable cost (per ha in birr) consisting of:
Preparation Labour hrs * average hourly wage * people
(birr/ha) + Oxen hrs * rental cost
+ Total tractor cost + (labour hrs * average hourly wage * 1)
Sowing (birr) Labour hrs * average hourly wage * people

+ Bought seed bags * bag cost

+ Government seed bags * bag cost

+ NGO seed bags * bag cost

Fertilizer (birr/ha) Labour hrs * average hourly wage * people

+ Labour hrs spraying person * hourly wage sprayer
+ Fertilizer units used * unit cost

Pesticides (birr/ha) | Labour hrs * average hourly wage x people

+ Labour hrs spraying person * hourly wage sprayer
+ Pesticide units used * unit ¢ Labour hrs * average hourly wage * people
+ Labour hrs spraying person * hourly wage sprayer
+ Pesticide units used * unit cost ost

Harvest (birr/ha) Labour hrs * average hourly wage * people

+ Tractor cost per harvested bag * bags produced

Remark: More information regarding the calculation of farmgate prices is provided in table A.10 in appendix II.
The calculation scheme was only used to quantify the GM of the main product, leaving out by-products
such as straw from grain crops.

Source: Own calculation scheme developed based on all relevant literature considered as indicated in the text.

After this process, statistical tests were employed to investigate hypotheses 1 for which the
significance of the difference in the number of vegetables produced before and after installation
of WSW was tested. As the data did not fulfil the assumptions required for a paired T-Test, the
Wilcoxon signed rank test was chosen for this setting with one dependent variable and two
groups dependent of one another (UCLA, 2021b). This is the case here as participants were
asked twice about which crops they produce requiring an answer once for the cultivation before
WSW were constructed and once more about production in the Gu’u season 2023 (March to
September); thus, observations were not independent. For the application of the test to the data
it is assumed that the distributions of both groups of values are symmetric which allows the test
to be an assessment of the medians (MANGIAFICO, 2016).

Hypothesis 2 relates to the differences in GMs obtained for various crops. The significance of
this difference can be tested employing various statistical measures (UCLA, 2021b). The GM
represents one dependent variable of, in this case, more than two groups which points, among
others, to a one-way ANOVA as test approach (ibid.). This has been used for instance by
PANDEY & GAUTAM (2021) to test differences in GMs. However, in contrast to their approach,
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for the present research, the Kruskal-Wallis-Test was employed offering another approach for
hypothesis testing (UCLA, 2021b) which may be used in case the data, among others, do not
comply with requirements of parametric tests or the sample is small (PLANING, 2022) both of

which is the case for the GM data obtained within the present research.

The non-parametric Kruskal-Wallis-Test, the alternative to the one-way ANOVA, assesses the
significance of differences in the mean ranks of two or more groups (PLANING, 2022). For the
present research it is assumed that the groups’ distributions have the same spread as well as
shape. In this setting, the medians of the groups are tested as described by MANGIAFICO (2016).
As the test only shows the existence of a difference between at least two groups, but does not
specify which ones differ, a post-hoc test is needed to get more insights, the most common of
which is the Dunn’s Test (MANGIAFICO, 2016; PLANING, 2022) showing which of the groups
differ from each other (MANGIAFICO, 2016). Hypothesis 2.1 only requires a test of significance
of the difference of GMs of vegetables and cereals. As this hypothesis only considers two
independent groups with again one dependent variable, the Wilcoxon-Mann Whitney Test is
the appropriate method (UCLA, 2021b). It can be employed as well under the assumption that
spread and shape of both groups’ distributions are similar, allowing the test to be an assessment
of medians according to MANGIAFICO (2016). In addition to that, mean ranks can be assessed

subsequently (PLANING, 2022).

To generate insights regarding hypothesis 3, the data were used to model multiple linear
regressions. This method predicts the values of a dependent variable while using information
of independent variables (RASCH ET AL., 2014). It is widely applied for a range of statistical
assessments while making some assumptions, for instance that effects can be combined in a
linear manner and that the response variable is continuous (MANGIAFICO, 2016) which is the
case for the present research. The method gives insight into the relative effect of each predicting
variable in the context of the rest of independent variables (RASCH ET AL., 2014) which allows
the assessment of the effect of a change in one predictor on the response variable while all other
factors included in the model are held constant at their sample mean (DEVKOTA & ATNAFE
YIGEzU, 2020). The multiple linear regression model to investigate hypothesis 3 was created

guided by the few examples having been found in the literature such as KASONGA (2018),
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SUMAKA (2017), XABA & MASUKU (2013), SAMUEL & IDRIS (2021) AND MERSHA ET AL.
(2017)25.

In order to assess hypothesis 4, a linear mixed model was created which allows the assessment
of observations not independent of each other (UCLA, 2021e). For this hypothesis, all produced
crops were considered which renders the observations dependent of one another as one
participant produced more than one crop, that is, there are more than one observation from the
same participant. A linear mixed model is the appropriate approach for this setting, following
the descriptions of MANGIAFICO (2016) and YING & ScoTT (2023). This type of model consists
not only of fixed but also random effects (MANGIAFICO, 2016) and uses all the available data

instead of aggregating them in order to produce independent observations (UCLA, 2021e).

5 RESULTS

5.1 Participants’ socio-economic status, agricultural practices & perceptions

Of the inhabitants of the two DVs, 48 were classified as (agro-) pastoralist household heads
cultivating on the rehabilitated land directly in front of, behind or next to the WSW, meaning
that between one and four households are using one single WSW. Of those, constituting the
direct beneficiaries, 44 were interviewed. Beneficiaries of Harre DV (HDV) comprise 23
interviewees, the rest cultivates Amadle DV (ADV). Only four women participated as can be
seen in table A.11 in appendix Il which shows a summary of social parameters. In both DVs,
the majority of (agro-) pastoralists have between six and ten family members organized mostly
in one to two households, of which a similar count is male (4.26 and 4.1 on average for ADV
and HDV). Families in Amadle have a higher average count of adults (5.33 in ADV compared
to 3.65 in HDV) and more literate adult family members (on average 2.48 in ADV and 0.82 in
HDV). The highest grade achieved in school by those adult literate family members was for
Amadle most frequently primary school (confirmed by 38.10 per cent of participants). A share
of 14.29 per cent of participants in Amadle had only illiterate family members while for Harre,
the majority of 65.22 per cent reported no literate adult family members and, thus, no formal

education.

As demonstrated in table 2, all participants in both DVs practice agriculture, while livestock is
kept by more participants in Amadle than in Harre (85.71 per cent in ADV compared to 60.87

25 The tables A.2 to A6 in appendix Il provide further information regarding the covariates chosen for the
regression models predicting the GMs.
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per cent in HDV). Generation of non-farm income is similar in both DVs while apiculture is
solely practiced by one person in Amadle. In Harre, agriculture is the most important livelihood
for 91.3 per cent of participants, while in Amadle, other livelihoods are also essential for the
people in comparison, leaving agriculture for 71.43 per cent as the most important one. From
the table is visible that in both DVs, a large share of participants have a considerable amount of
experience in agriculture. In Amadle, 52.38 per cent have 20 to 29 years of experience, in Harre
this share amounts to 43.48 per cent. More than 40 years of experience were reported by 28.57
per cent in ADV and 21.74 per cent in HDV. All interviewees were engaged in agricultural
production already before the WSW were constructed. The mean total land size owned is
similar in both DVs (47.42 Qodi26 (11.86 hectares) in ADV and 45.36 Qodi (11.34 hectares) in
HDV). With on average of 24.95 Qodi (6.24 hectares) in ADV and 25.57 Qodi (6.39 hectares)
in HDV, the size of the cultivated area is also comparable. All participants cultivated in Gu™u
season 2023 (March to September) while only four of them planted in Jilal season 2022/2023
(September to March).

In ADV and HDV, 42.86 per cent respectively 39.13 per cent used loans to finance the crop
production of the agricultural year 2022/2023 which includes Gu’u and Jilal seasons. Of those
utilizing loans, 77.78 per cent in both ADV and also HDV received them through friends. The
share of those who received agricultural advice is 57.14 per cent in ADV and 47.83 per cent in
HDV. The main sources of advice for Amadle were family, NGOs and GIZ (each mentioned
by 25 per cent), while for Harre, family as advice source was mentioned by 36.36 per cent,
Woreda experts by 27.27 per cent and GIZ by 18.18 per cent. Cooperatives were more important
in Harre, with 39.13 per cent of participants confirming a membership (in comparison 23.81

per cent confirmed membership in Amadle).

Further, willingness to take risk was evaluated using an 11-point Likert scale from zero meaning
completely unwilling to ten indicating very willing. The interviewees rated themselves on
average at 8.3 on the scale with the majority of participants (36.36 per cent) reporting a ten.
Using the same scale ranging from very difficult to very easy, market access was rated at a
mean of 4.59. The interviewees reported going to the market on average 2.23 times during the

year 2022/2023, taking a mean of 0.54 hours to reach it. The majority used a rented vehicle for

26 The Somali region land unit size Qodi translates into 0.25 hectares.
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that2” and had to pay on average 197 birr one way. Cost and the availability of public transport

were major challenges regarding market access, mentioned by 54.54 and 34.09 per cent28,

Table 2: Economic parameters of participants
Variable Amadle Harre
Frequency | Percentage | Mean Frequency | Percentage | Mean
Livelihood Agriculture | 21 100 - 23 100 -
Livestock 18 85.71 - 14 60.87 -
Non-farm 3 14.29 - 4 17.39 -
Bee-keeping | 1 4.76 - - - -
Agriculture | yes 15 71.43 - 21 91.3 -
most impor-
tant
Experience | 0-9 - - - 4 17.39 -
10-19 2 9.52 - 3 13.04 -
20-29 11 52.38 - 10 43.48 -
30-39 2 9.52 - 1 4.35 -
40+ 6 28.57 - 5 21.74 -
Total 21 100 26.81 23 100 22.78
Land size 0-10 1 4.76 - 3 13.04 -
(Qodi) 11-25 5 23.81 - 4 17.39 -
(hectares) 26-50 8 38.10 - 8 34.78 -
51-99 3 14.29 - 5 21.74 -
100+ 4 19.05 - 2 8.7 -
Refuse to - - - 1 4.35 -
answer
Total 21 100 47.42 23 100 45.36
(11.86) (11.34)
Agricultural | 0-10 6 28.57 - 4 17.39 -
area in Qodi | 11-25 10 47.62 - 13 56.52 -
(hectares) 26-50 2 9.52 - 4 17.39 -
51-99 2 9.52 - 2 8.7 -
100+ 1 4.76 - - - -
Total 21 100 24.95 23 100 25.57
(6.24) (6.39)
Usage of Yes 9 42.86 - 9 39.13 -
loans No 12 57.14 - 14 60.87 -
Agricultural | Yes 12 57.14 - 11 47.83 -
advice No 9 42.86 - 12 52.17 -
Cooperative | Yes 5 23.81 9 39.13 -
No 16 76.19 14 60.87 -

Remark: The table shows frequencies and percentages and means where applicable related to economic parameters
of participants, displayed for Harre and Amadle separately.
Source: Own calculations based on collected data.

The investigated period was described with drought by 13.64 per cent of participants. Using an
11-point Likert scale ranging from very short to very long, participants rated water availability
on average with 2.98. As shown in table A.12 in appendix Il, participating (agro-) pastoralists

cultivated maize, sorghum, onion, wheat, khat, chickpea, barley, tomato, carrot, beetroot and

27 This was mentioned by 31 participants out of 42 in total having reported market visits.

28 Additionally, one person mentioned the lack of an identity card as obstacle to go to the market.
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Sudan grass, the first three occurring most frequently with 39, 34 and 27 participants growing
them. The majority (47.73 per cent) combined a grain with onion2°. Table A.12 also shows the
mean area size cultivated per crop. Maize, wheat and sorghum cover most of the surface area
with on average 3.41, 2.5 and 1.86 hectares, followed by khat and onion with a mean area size
of 1.58 and 1.44 hectares30. Table 3 shows the reasons for crop choice for the three most
frequently cultivated crops. Maize and sorghum were most often connected to dual use as they

are used as food and forage. Onion was cultivated mostly to earn additional income31.

Table 3: Reasons for crop choice

Crop Reason for choice Frequency Percentage

Maize Dual use 35 89.74
Additional income 9 23.08
Stable market demand 3 7.69
Other 5 12.82

Sorghum Dual use 31 93.94
Additional income 9 27.27
Stable market demand 2 6.06
Other 2 6.06

Onion Dual use 4 14.81
Additional income 21 77.78
Stable market demand 4 14.81
Other 3 11.11

Remark: The table shows reasons for crop choice for maize, sorghum and onion. For maize, other includes soil
quality, storage and yield (each mentioned by 2.56 per cent) as well as preference and tradition (both
mentioned by 2.56 per cent). For sorghum, other includes tradition and safe animals from drought (each
mentioned by 3.03 per cent). For onion, other includes soil quality, no weeds disturbing the crop and
tradition (each mentioned by 3.70 per cent).

Source: Own calculations based on collected data.

Table 4 demonstrates how the produced crops were used. It is visible that from 39 maize
producers, 82.05 percent harvested but only 10.26 per cent sold some of their production while
15.38 per cent donated a part and 23.08 per cent saved a share of the production to use them as

seeds for the next season. Although sorghum was planted numerously, the majority lost the

29 Wheat was only included by two participants (4.55 per cent of total interviewees) in those combinations, the
rest combined onion with maize or sorghum or both. Further, 20.45 per cent produced only grains, most of
them cultivating maize and sorghum, only one participant combined maize with wheat. A share of 15.91 per
cent produced only maize or sorghum in monocropping. A share of 13.64 per cent combined a grain and
onion with further crops. The remaining participant (2.27 per cent) combined grains with chickpea.

30 The four participants cultivating in Jilal season 2022/2023 (September to March) produced only maize, sorghum
and onion.

31 Apart from that, for wheat, dual use was named by 100 per cent of cultivators as reason for crop selection while
additional income was mentioned by 25 per cent. Khat was cultivated by 33.33 per cent for additional income;
66.67 per cent grew it to for consumption to increase motivation for work in the fields. Chickpea was
associated to dual use and stable prices (both mentioned by 50 per cent) and food diversification (mentioned
by 50 per cent) while tomato and barley were connected to dual use (mentioned by 100 per cent each); carrot
and beetroot to stable market demand (mentioned by 100 per cent each).
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harvest. However, from the onion cultivators, 81.48 per cent got a harvest from their plots and
a considerable share of 77.78 per cent sold their produce. Maize and sorghum cultivators sold
their produce mostly in the market (confirmed by 75 and 100 per cent). Of the onion producers
who sold their produce, most sold to intermediaries, followed by the market and wholesalers
(66.67, 42.86 and 14.29 per cent). Wheat, tomato and carrot cultivators sold to the market while
Khat was sold to the market and intermediaries. Average prices obtained per kilogram and bag
are visible as well in table 4. It shows that Khat has an exceptionally high price, although only
the onion price is representative as for the rest, the observations are very few. The average price
estimated for onion is subject to considerable variability with a standard deviation of 1216 birr
and a price range from 500 to 5000 birr per bag. Looked at separately, on the market, onion
growers obtained a mean price of 2159 birr per bag, while intermediaries paid on average 1952

birr and wholesalers 1917 birr32,

Table 4: Usage of produced crops in absolute numbers & percentages

Crop Planted Harvested | Donated | Saved Sold Mean price per kilogram
(bag) in birr

Maize 39 32 (82.05) | 6(15.38) | 9(23.08) | 4(10.26) | 24.66 (1,233)
Sorghum | 33 7(21.21) |3(9.09) |5(15.15) | 3(9.09) 43.34 (2,167)
Onion 27 22 (81.48) | 6(22.22) | - 21 (77.78) | 37.56 (1,878)
Wheat |4 3(75) - 1(25) 1(25) 50 (2,500)
Khat 3 2(66.67) | 1(33.33) |- 2 (66.67) | 12,000 (3,000)
Chickpea | 2 2 (100) - - - -
Barley 1 1 (100) - - - -
Tomato |1 1 (100) - - 1 (100) 25 (300)
Carrot 1 1 (100) - - 1 (100) 40 (2,000)
Beetroot | 1 - - - - -
Sudan 1 1 (100) - - - -
grass

Remark: The table shows how many participants planted a specific crop in absolute numbers. Further, it is
displayed how many people harvested, donated, saved and sold their produce in absolute numbers. The
corresponding percentage share relative to the total number of participants producing this crop is shown
in parentheses. For Khat, only two producers are counted as having harvested because the third person
could not quantify production. Further, the table shows the average price in birr obtained by participants
per kilogram while the bag price is shown in parentheses. For maize and sorghum, the price mean is based
on three observations each. For onion, 21 observations were considered. For wheat, tomato and carrot,
the value originates in one observation each. The Khat price is based on two observations. Chickpea and
barley were not sold. One person cultivating beetroot lost the harvest. For Sudan grass, no unit size and
price could be obtained.

Source: Own calculations based on collected data.

As displayed in table 5, pests were frequently reported, with bugs mentioned by 66.67 per cent
of maize cultivators, 36.36 per cent of sorghum growers and 77.78 per cent of onion producers,
birds mentioned by 10.26 per cent of maize cultivators and 69.70 per cent of sorghum growers

and grasshoppers named by 7.69 per cent of maize cultivators, 9.09 per cent of sorghum growers

32 This information is provided in addition in table A.13 in appendix II.
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and 25.93 per cent of onion producers. Participants used this question also to point to drought.
This was mentioned by 12.82, 9.09 and 14.81 per cent of participants cultivating maize,
sorghum and onion. When looking only at those participants having lost the harvest, of the
seven maize cultivators for which this is the case, 71.43 per cent reported drought or lack of
rain and 14.29 per cent mentioned birds. Of the 26 participants having lost their sorghum, birds,
bugs and grasshoppers were reported by 80.77, 38.46 and 7.69 interviewees. A share of 11.54
per cent also mentioned drought. Of the five interviewees having lost the onion harvests,

drought and bugs were each mentioned by 60 per cent and 20 per cent reported grasshoppers.

A direct question investigating reasons for crop loss was not included in the questionnaire33.

Table 5: Pests reported in absolute numbers & percentages

Cultivated Lost harvest

Crop Bugs Birds | Grasshoppers | Drought | Bugs Birds | Grasshoppers | Drought

Maize | 26 4 3(7.69) 5(12.82) | - 1 - 5(71.43)
(66.67) (10.26) (14.29)

Sorghum | 12 23 3(9.09) 3(9.09) |10 21 2 (7.69) 3(11.54)
(36.36) (69.70) (38.46) | (80.77)

Onion 21 - 7 (25.93) 4(14.81) | 3(60) | - 1 (20) 3(60)
(77.78)

Remark: The table shows the number of participants mentioning bugs, birds, grasshoppers and drought on the
question asking for pests. Data are displayed for all participants having planted and all participants who
lost the harvest subsequently. Percentage shares relative to the total number of cultivators, respectively
the total number losing the harvest are shown in parentheses.

Source: Own calculations based on collected data.

However, regarding the inputs used, the collected data show that for maize, fertilizer as well as
pest control were used only by 5.13 per cent of producers. For sorghum, no one used fertilizer
and only 6.06 per cent of cultivators applied pest control mechanisms. In onion production,
however, 40.74 per cent of the 27 cultivating participants used fertilizer and 29.63 per cent
made use of pest control mechanisms34. In table A.14 in appendix I, inputs desired by
participants for the production of the currently cultivated crops are listed. Answers include
machinery, seeds, water, fertilizer, labour and insecticides while the picture for maize, sorghum
and onion is very similar. More machinery and seeds are perceived as being most necessary for

all of them.

Table A.15 in appendix Il shows the seed origin and costs for all produced plants ordered from
high to low mean seed prices. While it is visible that some seeds had been saved from the last

33 The participant planting beetroot and losing the harvest mentioned bugs as well.

34 Fertilizer used for maize and onion were chemical. Pest control mechanisms used for maize were manual
removal of insects and chemicals. For sorghum, all participants using pest control manually removed insects.
Chemical pest control was used by 18.52 per cent of onion cultivators and manual removal by 7.40 per cent
while 3.70 per cent mechanically removed insects.
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season, particularly for the cultivation of maize and sorghum with respectively 33.33 and 29.21
per cent of cultivators reporting seed saving, it is clearly evident that most of the seeds are
obtained on the market. Regarding the average per unit cost, the table shows that seed prices
for sorghum, carrot, beetroot and maize are rather similar, ranging from 3,020 to 2,976 birr,
while the mean onion unit seed price with 2,372 birr is lower. However, only maize, sorghum

and onion feature sufficient observations to provide a representative picture.

To get insights regarding perceptions of (agro-) pastoralists about their crops, questions
referring to an 11-point Likert-scale ranging from zero to ten were used. Due to the low
prevalence of all other produced crops, results are presented here only for maize, sorghum and
onion. Table 6 shows an overview of the number of participants having selected the different
scale points as well as the mean values regarding various topics for some of which the scale
was defined differently. It is visible that for demand, assessed on the scale from very low to
very high, averages are lowest for maize and highest for onion with 17 participants reporting
very high demand for the crop. Perceptions about the level of prices show a similar picture,

lowest for maize and highest for onion, reaching a mean of nine on the scale for onion.

With regard to stability of prices, assessed from fluctuating to stable, onion prices were rated
on average the most stable in comparison, reaching a mean of 6.55 on the scale. For storage,
graded from very difficult to very easy, onion was evaluated the worst, with an average of 2.44
on the scale and ten onion producers selecting one on the scale. Financial access to inputs,
evaluated as well from very difficult to very easy, is perceived as rather difficult with an average
of 3.33, 3.35 and 3.8 on the scale for onion, maize and sorghum while physical access to inputs
is evaluated as being rather easy with a mean of 8.77, 9.07 and 9.31 on the scale for sorghum,
onion and maize and the vast majority of 20, 17 and 27 participants rating this with ten on the

scale.

From 44 participants all confirmed the wish to also produce other crops than the ones they were
cultivating in the investigated period of time. When asked for factors necessary to produce crops
different from the currently grown ones, 31 interviewees, that is, 70.45 per cent of all
participants, mentioned physical access to inputs, followed by 11 (agro-) pastoralists

constituting a share of 25 per cent pointing out the financial access to inputs. Water was named
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seven times (15.90 per cent), followed by advice or training with two mentions (4.55 per cent)

while five participants (11.36 per cent) referred to different necessities3°.

Table 6: Perceptions of participants regarding crops cultivated
Crop Mean |0 |1 |2 3 |4 5 6 7 8 9 10
Demand Maize 6.82 |- - 1 5 |2 |3 6 3 |8 5 |6
Sorghum | 7.34 | - 1 |2 - - 6 3 2 6 8 |7
Onion 9.16 | - - - - - - 2 |2 |2 |4 |17
Level of prices Maize 538 |1 |1 |2 7 |3 |18 |4 6 1 2 |4
Sorghum | 6.66 | - 1 ]2 - 3 |9 |2 |2 |5 |5 |6
Onion 9 - - - - - - 1 3 4 6 13
Stability of prices | Maize 503 |1 |4 |1 2 |6 13 |3 2 2 3 |2
Sorghum | 5.51 1 |12 |2 3 |6 4 3 3 6 3 2
Onion 6.55 | - - 3 5 [2 |3 |- - 2 3 |9
Storage Maize 389 |1 |5 |6 5 |14 ]1 2 - - 3 |2
Sorghum | 397 |3 |1 |9 8 |2 |3 1 3 1 2 |2
Onion 244 2 10 | 5 4 |2 2 - - 2 - -
Financial access | Maize 33, [3 |6 |6 7 |6 |6 1 2 - 2 |-
to inputs Sorghum | 3.8 2 |6 |4 9 |- 4 |3 [4 |2 |- 1
Onion 333 |2 |3 |8 4 |5 1 1 - - 2 1
Physical access to | Maize 931 |- - - - - 1 3 - 2 6 |27
inputs Sorghum | 8.77 | - - - - 1 13 1 1 6 3 120
Onion 9.07 - - - - 1 - 1 2 3 3 17

Remark: The table shows perceptions of participants about different topics regarding their produced crops. All
variables were assessed using an 11-point Likert scale ranging from zero to ten. For demand and level of
prices the scale ranges from very low to very high. For stability of prices the scale extends from very
fluctuating to very stable. For storage, financial access to inputs and physical access to inputs the scale
runs from very difficult to very easy.

Source: Own calculations based on collected data.

5.2 Water-spreading weirs and vegetable production

Hypothesis 1 states that (agro-) pastoralists produce more vegetables after the construction of
WSW. To investigate this, initially, the number of vegetables produced per participant was
counted, once before the construction of WSW and once for the Gu’u season 2023 (March to
September). A simple comparison between the average count of produced vegetables36 for both
points in time shows that before construction of WSW participants’ vegetable production
comprised on average 40.91 per cent while in the examined Gu’u season 2023, interviewees
cultivated an average share of 72.73 per cent vegetables relative to total production. In addition,
medians of the counts were assessed. The median for crops produced before construction of

WSW was zero, while the one for Gu’u season 2023 was one.

The significance of this difference can be tested statistically employing the Wilcoxon signed

rank test. With the assumptions made in chapter 4.4, in this case, the test examines the null

35 Mentioned different necessities were a motorbike to buy inputs with one mention (2.27 per cent) as well as
fertilizer and tractors with two mentions each (4.55 per cent each).

36 Vegetables are classified here as tomato, onion, carrot, beetroot and chickpea.
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hypothesis stating that the medians of both groups are identical, in contrast to the alternative
one stating that they are not. The test was applied to the data using the one-sided method which
specifies the alternative hypothesis further. This states not only inequality of medians but that
vegetable counts before the construction of WSW are lower than in Gu’u season 2023. The
result of the test is a p-value lower than the set alpha level of 0.05 which allows to reject the
null hypothesis (MANGIAFICO, 2016) and confirm the alternative hypothesis that vegetable
counts were indeed lower before the construction of WSW37 (V = 66, p-value = 0.008227). In
summary, hypothesis 1 can be verified as indeed more vegetables were produced in the assessed
Gu’u season 2023, that is, after the construction of WSW, compared to the number of vegetables

cultivated before.

5.3 Gross margin analysis

The GMs of the crops produced by participating (agro-) pastoralists were calculated initially
for Gu’u season 2023 (March to September) as this is the main growing season and because
participants cultivated very little in Jilal season 2022/2023 (September to March) as mentioned
in chapter 5.138. For the calculation, the collected data was used while the scheme as laid out
in table 1 in chapter 4.4 was applied. GMs were intended to be calculated for all main crop
products found to be grown by (agro-) pastoralists in the two investigated DVs while by-
products such as straw were excluded. As has been mentioned in chapter 5.1, participants
cultivated maize, sorghum, onion, wheat, Khat, chickpea, barley, tomato, carrot, beetroot and

Sudan grass and only the first three in sufficient numbers to provide representative results.

Initially, the output in kilogram per hectare was calculated to get a first insight. This was done
by first dividing the output counted in bags by the amount of Qodi cultivated, further divided
by four, and then multiplying it with the average bag size3. Table 7 shows averages and
standard deviations as well as minimum, maximum and median of output per hectare in

kilogram for all crops produced ordered from high to low mean output. Calculations of averages

37 As recommended by Planing (2022), in addition to that, the mean ranks were assessed as well. They show no
difference (for both the mean is 22.5). However, it was concluded that mean ranks may be equal, even though
differences in the distributions of the ranks of the two groups exist. Further, it was assumed that the result of
the statistical test employed provides the most meaningful and significant result. Apart from that, also a one-
sided paired T-Test was applied to the data. This also confirms the significance of differences in vegetable
counts at a p-value of 0.01456, indicating the mean difference of -31.81 per cent.

38 Nevertheless, calculations were conducted in addition for Jilal season 2022/2023 as well as for both seasons
together.

39 The bag size was obtained through occasional additional questions posed to (agro-) pastoralists and market
traders. More information is provided in table A.10 in appendix I1.
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were made considering also those participants who planted but lost the harvest. Carrot and
tomato are in addition to onion the crops with the highest output, however the first two being
based only on one observation. For this reason, the standard deviation is missing for those crops

which output does not feature any variability.

Onion shows a noticeably high output as well. However, it also features considerable dispersion
around the mean and values ranging from 50 to 6,000 kilogram per hectare, while being based
on data collected from 27 participants. Maize, also based on a reasonable amount of data of 39
participants, achieved a far lower average, with less pronounced variability, although minimum
values start at 67 kilogram per hectare and maximum values lie at 1,500 kilogram per hectare.
While based on figures reported from 33 interviewees, sorghum shows a very high dispersion
with values extending from 40 to 1,300 kilogram per hectare as well as a very low average
output. This is caused by the widespread harvest loss for sorghum in the investigated season.
Of 33 people who planted sorghum, only 7 (21.21 per cent) were able to harvest in the end.
People indicated during the interviews that leaves and straw was used nevertheless as forage
for animals. This was not quantified within the present study as mentioned before. Beetroot was
cultivated by only one person who lost the harvest and for Sudan grass, no unit size could be
obtained so that calculations could not be applied. The medians, which are more robust to
extreme values, are in most applicable cases, that is, cases based on more than one observation,

lower than the mean; in the case of sorghum laying even at zero.

Table 7: Average output per hectare in kilogram

Crop Number Mean St.dev. Minimum Maximum Median
cultivating

Carrot 1 2,000 NA 2,000 2,000 2,000
Onion 27 1,456 1,487 50 6,000 1,167
Tomato 1 960 NA 960 960 960
Maize 39 418 361 67 1,500 333
Barley 1 120 NA 120 120 120
Sorghum 33 113 329 40 1300 0
Chickpea 2 97 52 60 133 97
Wheat 4 94 103 67 240 67
Khat 3 8 8 2 13 8
Beetroot 1 0 NA 0 0 0
Sudangrass | 1 NA NA NA NA NA

Remark: The table shows the number of participants cultivating the different crops, the average output per hectare
in kilogram, its standard deviation as well as minimum, maximum and median.
Source: Own calculations based on collected data.

Subsequently, GMs were calculated following the scheme shown in table 1. In order to do this,
the costs of every step of the process from preparation to completed harvest were calculated
separately first to later sum them to obtain total variable cost. Table 8 shows the cost per hectare
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incurred for the different steps of the agricultural production process as well as total variable
cost ordered from highest total variable cost represented for onion to lowest associated with
Khat. From the table is visible that the strongest cost drivers were different for the various crops.
Regarding the cultivation of carrot, onion and beetroot, most variable expenses were used in

the sowing phase with 54, 52 and 75 per cent of total variable costs incurred.

Contrasting this, for barley, maize, sorghum, Sudan grass and chickpea, the harvesting phase is
most costly for producers. In this phase, for the first two crops, 88 and 52 per cent of total
variable costs are invested and for sorghum and Sudan grass 50 per cent of expenses are used
while for chickpeas this share amounts to 35 per cent. For tomato, the cost is balanced between
land preparation, sowing and fertilizer, for wheat most expenses incur during preparation and
Khat, a special case, needs most of costs for fertilizer application. For this last one, land
preparation and sowing costs were classified as fixed costs and excluded due to the perennial
character of the crop. As has been mentioned before, only onion, maize and sorghum were

cultivated by a sufficient number of participants to provide a representative picture.

Table 8: Mean cost per production step & in total per hectare in birr (per cent)
Crop Land preparation | Sowing Fertilizer Pesticide Harvest Total
application | application variable cost
Onion 3,644 (16) 11,892 (52) | 1,008 (4) 177 (0.8) | 6,115 (27) | 22,836
Carrot 10,200 (45) 12,200 (54) | - - 200 (0.9) 22,600
Sorghum 3,515 (26) 2,857 (21) | - 491 (4) 6,805 (50) | 13,668
Barley 1,560 (12) 40 (0.3) - - 11,200 (88) | 12,800
Wheat 5,820 (49) 2,385 (21) | 40(0.3) - 3,600 (30) | 11,845
Sudan grass | 5,200 (46) 500 (4) - - 5,600 (50) | 11,300
Tomato 3,400 (32) 3,400(32) | 3,400(32) | 200(2) 200 (2) 10,600
Maize 2,343 (26) 1,468 (16) | 499 (5) 44 (0.5) 4,756 (52) | 9,109
Beetroot 2,000 (25) 6,000 (75) | - - - 8,000
Chickpea 500 (14) 754 (22) 954 (28) 54 (2) 1,200 (35) | 3,460
Khat - - 1,831 (58) | 1,182 (38) | 133 (4) 3,147

Remark: The table shows average costs for land preparation, sowing, fertilizer and pesticide application, harvest
as well as total variable cost for the different crops produced. Absolute numbers with percentages in
parentheses are displayed. Absolute and percentage values might not add up completely due to rounding
differences and because means of the different steps are displayed.

Source: Own calculations based on collected data.

In the process, total variable cost was deducted from total output. Table 9 shows average total
outputs, average total variable costs, the resulting mean GMs as well as their standard deviations
and minimum and maximum GM values for the different crops in birr per hectare, ordered from
high to low mean GM. A higher resulting GM hereby indicates a higher profitability (Abu et
al., 2011) and negative values signal an economic loss. Although GMs obtained for vegetables
are high in general here as well, similar to the output data, they have to be considered with care

as they are based on very few observations with the exception of onion. The table shows for
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instance that onion has a mean total output of 54,669 birr per hectare from which on average
22,836 birr total variable cost per hectare were deducted, leaving a considerable mean GM of
31,832 birr per hectare. However, the variability around the mean for onion is very high and
values range from -36,500 to 184,760 birr per hectare. Maize and sorghum, with GMs of 1,190

and -8,765 birr per hectare are associated as well with high variability. Khat is shown with an

exceptionally high GM based on the low variable cost it needs after it has once been planted40.

Table 9: Mean total output, total variable cost & gross margin per hectare in birr
Crop Mean total Mean total | Mean gross | Minimum | Maximum | Standard | Median
output variable margin gross gross deviation | gross
cost margin margin of gross | margin
margin
Khat 90,000 3,147 87,800 19,600 156,000 96,449 87,800
Carrot 80,000 22,600 57,400 57,400 57,400 NA 57,400
Onion 54,669 22,836 31,832 -36,500 184,760 53,646 21,460
Tomato 24,000 10,600 13,400 13,400 13,400 NA 13,400
Chickpea | 5,440 3,460 1,980 857 3,104 1,589 1,980
Maize 10,308 9,109 1,190 -17,380 33,565 8,842 878
Barley 6,514 12,800 -6,286 -6,286 -6,286 NA -6,286
Wheat 4,666 11,845 -7,178 -10,667 -640 4,580 -8,704
Beetroot | 0 8,000 -8,000 -8,000 -8,000 NA -8,000
Sorghum | 4,903 13,668 -8,765 -88,400 45,342 23,737 -6,150

Remark: The table shows averages of total output, total variable cost and GMs of crops produced. Further,
minimum and maximum values of GMs, their standard deviations and their medians are displayed. All
values are shown in birr per hectare. Values might not add up completely due to rounding differences and
because means are displayed. Values are based on all available observations which means that for
instance, output and cost for Khat is based on three observations but GM only on two as one participant
could not quantify his harvest. Calculations were made only for the main product, while straw and leaves
for grain crops were not taken into account. Sudan grass could not be valued as unit sizes and prices could
not be obtained.

Source: Own calculations based on collected data.

5.4 Differences in gross margins

Hypothesis 2 claims that the profitability of crops differs. Table 9 demonstrates that the means
as well as the medians of GMs of the various crops are considerably distinct. As described in
chapter 4.4, this difference can be tested using the Kruskal-Wallis test. To produce meaningful
results, the analysis was conducted taking into account only maize, sorghum and onion as all
other crops were cultivated in very limited numbers. Based on the assumptions made in chapter
4.4, the null hypothesis for this test is that all groups do not have significantly different medians,

the alternative stating that for at least one group this is not true.

40 1n Jilal season 2022/2023 (September to March), only maize, sorghum and onion were cultivated, with an
average GM of -1,730, -3,990 and -12,240 birr per hectare. For the whole year encompassing Jilal season
2022/2023 and Gu’u season 2023 (March to September), average GMs for maize, sorghum and onion are
1,053, -8,742 and 31,379 birr per hectare.
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The Kruskal-Wallis Test, applied to the data, yielded a p-value less than the set alpha level of
0.05 which allowed to reject the null hypothesis and confirmed the existence of significant
differences in the GMs of the three compared crops (Kruskal-Wallis chi-squared = 16.934, df
=2, p-value = 0.0002103). The Dunn’s test41 was applied post-hoc to the data and revealed that
significant differences exist solely between the GMs of sorghum and maize (p-value = 0.0035)
and sorghum and onion (p-value = 0.0001). Test variations yielded the same result42,
Accordingly, hypothesis 2 can only partly be verified as not all GMs of the crops produced
differ significantly from each other. The GM of maize does not differ significantly from the one
of onion. However, the GM of sorghum is significantly different from the ones of maize and

onion.

Hypothesis 2.1 proposes that the profitability, that is, the GM of vegetables, is higher than the
one of cereals. This was examined as well considering solely maize, sorghum and onion for the
same reasons as indicated above. The data for those three crops was grouped into cereals and
vegetables. Initially, mean GMs were compared for a first insight. The average GM of cereal
crops was -3,437 birr per hectare while the one for vegetable crops was 31,832 birr per hectare.
Medians were -2,240 birr per hectare for cereals and 21,460 birr per hectare for vegetables.
Similar to above, the Wilcoxon-Mann Whitney Test, a two-sample test, conducts a comparison
of observations of two independent groups. With the assumptions made, the null hypothesis is

that medians are equal and the alternative one states the opposite.

The test was applied to the two groups cereals and vegetables using the one-sided test method
which specifies the alternative hypothesis to state not only inequality of medians, but that the
cereals group has lower values than the vegetables group. The test shows that both groups differ
significantly from each other as the p-value is lower than 0.05 (W = 610, p-value = 0.002827).
Thus, the null hypothesis can be rejected and the alternative hypothesis that the cereals group

has lower values than the vegetable group can be confirmed. Mean ranks assessed additionally

41 The Dunn’s Test was applied using the Bonferroni correction for multiple comparison adjustments.

42 For this test, outliers were initially kept in the data. In addition, the same tests were applied to the data with
excluded outliers, showing the same results regarding significance. In addition, the same test and post-hoc
test was applied to the GMs obtained from Gu’u 2023 (March to September) and Jilal season 2022/2023
(September to March) considered together. This also yielded the same results regarding significance while
taking out outliers and running the tests again also did not change the results. Further, a one-way ANOVA,
additionally conducted with the same data obtained from Gu’u season including outliers yielded the same
result regarding significance pointing also to differences in the GMs of the groups with a p-value of 1.07e-
05. The post-hoc employed Tukey test showed p-values below 0.05 and significant differences only for the
GMs of sorghum and maize as well as sorghum and onion.
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show that average ranks of GMs of cereals are lower (56.65) than the ones of vegetables (86.20).
In conclusion, hypothesis 2 can be verified as GMs of vegetables in this dataset are higher than

cereals.

5.5 Drivers influencing gross margins

Hypothesis 3 states that profitability increases with agricultural experience, the use of fertilizer,
the use of pest control mechanisms and the availability of water. As described in chapter 3.2,
regression analysis has not been found numerously during the literature review. This type of
modelling is seldomly used to analyse factors influencing GMs, but more often to assess drivers
of output (NKADIMENG ET AL., 2021). Nevertheless, a few researchers applied it as explained
above. For the same reasons as stated above, this analysis was focussed on maize, sorghum and
onion. Within the process of analysis, for all three crops, different equations were formed
similar to the general model (2) based on NKADIMENG ET AL. (2021) to assess the influence of

various factors.

Y =PBo+BiXe+... + B Xn+ U (2)
Where:
Y is the GM, denoted with m for maize, s for sorghum and , for onion
Bo IS the constant
1 to Pn are the coefficients of the predictor variables
X1to Xy are the predictor variables
U is the variation not explained by the model

Following this model, six different equations were built to assess drivers influencing the GM

of maize as laid out hereafter.

Ym = Bo + P1 experience + U 3)
Ym = Bo + B2 perceived water availability + U 4)
Ym = Bo + B3 pest control + U (5)
Ym = Po + Pa4 fertilizer + U (6)
Ym = Po + B1 experience + P2 perceived water availability + 3 pest control + B4 @)
fertilizer + U

Ym = Bo + B1 experience + B2 perceived water availability + Bz pest control + B4 (8)

fertilizer + s female + e primary education or higher + B7 agriculture=most
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important + g nr of literate family members + Bo family size + 1o nr of male family
members + P11 perceived market access + P12 loan usage + P13 willingness to take
risk + U

While formula (7) relates to the stated hypothesis, equation (8) was created additionally to
examine the effect of various other socio-economic factors for which data has been collected
as well. The results of the multiple linear regression used to explain the variation in the GM of
maize per hectare valued in Ethiopian birr are provided in table 10. The explanatory factors
chosen are the binary variables pest control, fertilizer, female, primary education or higher,
agriculture as most important livelihood and loan usage as well as the discrete variables
experience, number of literate family members, family size and number of male family
members. Further, scale variables are included, all measured on an 11-point Likert scale ranging
from zero to ten. The scale used for perceived water availability extends from very short to very
long, the one for perceived market access ranges from very difficult to very easy while the scale

used for willingness to take risk ranges from unwillingness to very willing.

Their coefficients are accompanied by their standard errors shown in parentheses and, in case
of a significant effect, with one star showing marginal significance, two stars representing a
significant effect at the alpha level of five per cent and three stars indicating significance at an
alpha level of one percent. The different number of observations for instance in model (5) and
(6) results from missing values and the fact that for regression analysis, only complete data
rows are used43. The first measure to be looked at is the R? value indicating the share of the

response variable’s variability being explained by the regression model (MANGIAFICO, 2016).

Looking at table 10, the low R? values indicate that all models with their predictors do not
explain the variation in the response variable very well. The higher R? value of 44 per cent of
model (8) is due to the high number of included predicting variables. This is visible through the
adjusted R?, which takes into account the number of predictors. Here, the values of all models
are quite low. The F-statistic showing whether the response variable is reliably predicted by the
explanatory variables used (UCLA, 2021a) indicates that only model (6) is statistically
significant compared to a model without predictors. In addition to model (7) and (8), model (6)

43 The unequal number of missing values is caused by the conditionality of some questions in the survey
questionnaire. For instance, in case a participant denied the question whether pests were present in the field,
the question for pest control mechanisms being applied was not posed, resulting in a missing value in the
dataset. The maximum number of observations is 38 instead of 39 as one maize cultivator could not quantify
his harvest, leading to a missing GM.
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also presents the only significant coefficient at an alpha level of five per cent, indicated by two

stars, which is fertilizer.

It is associated with a strong negative effect showing that the application of fertilizer reduces
the predicted GM by 13,863.81 birr, holding all other independent variables constant. The
underlying reason for this result is that fertilizer was used only by two participants, both of
which achieved a strongly negative GM (-11,773 birr and -12,115 birr) very far from the mean
GM of 1,190 birr for maize. Further, this amount of data points is seen as insufficient for a
meaningful result so that the effect associated with fertilizer has to be treated with caution.
Another variable, pest control, has, although not significant, also a negative sign in models (5),
(7) and (8), but this is as well based on only two participants using pest control. One more
remarkable result is the negative coefficient associated with perceived water availability in
models (4), (7) and (8). The assumption laid out in chapter 4.3 was that more water availability

may be correlated with higher GMs, which makes the coefficient’s sign counterintuitive.

Apart from that, the table shows that one year more of experience is associated with an increase
in the predicted GM of maize by 117.27 birr in model (3), holding all other variables covariates
constant, although this is not a significant effect. Further, according to the results in the table,
the variables primary education or higher and number of male family members have marginally
significant positive effects shown in model (8). Female has a negative coefficient in model (8).
However, this effect is not significant and again based on limited data as only four participants
were female. While the variables agriculture as the most important livelihood, perceived market
access and loan usage are associated with positive coefficients, number of literate family
members, family size and willingness to take risk are represented with negative coefficients in
model (8). None of those, however, show a significant effect. In summary, hypothesis 3 can be
rejected with regard to maize as none of the coefficients chosen for the hypothesis have a

significant and meaningful effect.

Table 10: Regression results — gross margin of maize

Dependent variable:

Gross margin of maize per hectare in birr as predicted by formula (3) to (8)

3) 4) ®) (6) (7 8
Experience 117.27 176.92 184.38
P (135.49) (156.17) (178.73)
Perceived water -1,053.96 -1,223.95 -1,003.85
availability (871.34) (949.08) (1,014.94)
-167.20 -3,260.59 -10,532.16

Pest control (6,828.21) (6,559.46) (7,900.84)
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Fertilizer -13,863.81"  -13,497.78™  -23,405.90™
(6,088.81) (6,434.18) (8,358.89)
Female -5,315.56
(5,486.25)
Primary education or 9,622.12"
higher (4,927.38)
Agriculture=most 5,934.07
important (5,941.63)
Nr of literate family -1,290.53
members (890.21)
Family size -1,105.50
(1,160.14)
Nr of male family 3,114.37"
members (1,720.52)
Perceived market 520.49
access (881.89)
Loan usage 1,907.74
g (4,324.13)
Willingness to take -193.48
risk (977.23)
Constant -1,778.63 4,157.87 576.20 1,919.81 809.85 -12,797.96
(3,719.82) (2,837.59) (1,707.05)  (1,396.87) (4,689.09) (10,766.70)
Observations 38 38 32 38 32 32
R? 0.02 0.04 0.0000 0.13 0.21 0.44
Adjusted R? -0.01 0.01 -0.03 0.10 0.09 0.04
. 8,872.58 (df 8,787.62 (df 9,349.91 (df 8,381.21 (df = 8,769.97 (df = 9,033.48 (df =
Residual Std. Error - 36) - 36) - 30) 36) 27) 18)
E Statistic 0.75(df=1; 1.46(df=1; 0.001(df= 5.18" (df=1; 1.77(df=4; 1.09 (df=13;
36) 36) 1; 30) 36) 27) 18)

Note: This table shows results from the multiple linear regression using the collected data in Somali region. The
dependent variable is the GM of maize per hectare valued in birr. Experience is a discrete variable measured in
years. Pest control, fertilizer, female, primary education or higher, agriculture=most important and loan usage are
binary variables. Nr of literate family members, family size and nr of male family members are discrete variables.
Perceived water availability, perceived market access and willingness to take risk were assessed using an 11-
point Likert scale ranging from 0 to 10. For perceived water availability, the scale ranges from very short to very
long. For perceived market access, it extends from very difficult to very easy. For willingness to take risk, it
ranges from unwillingness to very willing. Standard errors are shown in parentheses. Significance indications: *
p<0.1,**p<0.05 ***p<0.01.

Source: Own calculations based on collected data.

In order to investigate hypothesis 3 regarding sorghum, as explained above, regression models

similar to the case of maize were set up, while Y is denoted with s

Ys = Po + P1 experience + U 9)

Ys=Po + P2 perceived water availability + U (10)
Ys = Po + B3 pest control + U (11)
Ys=Po + B4 fertilizer + U (12)
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Ys = Po + P1 experience + B2 perceived water availability + B3 pest control + B4 (13)
fertilizer + U
Ys = Po + P1 experience + 32 perceived water availability + B3 pest control + B4 (14)

fertilizer + s female + Be primary education or higher + 7 agriculture=most
important + g nr of literate family members + Bo family size + 1o nr of male family
members + P11 perceived market access + P12 loan usage + P13 willingness to take
risk + U

Table 11 contains the results obtained for the regression investigating factors potentially
influencing the GM of sorghum per hectare valued in Ethiopian birr. The covariates chosen are
the same as for maize and the structure and elements such as standard errors in parentheses and
stars to indicate significance are identical to the case of maize. The number of observations
varies for similar reasons as for maize44. Also comparable to the maize case, it is visible from
the R? and adjusted R? values that the chosen explanatory variables do not predict the variability
in the GM of sorghum properly. The F-statistic shows that only model (11) is overall significant.
This model, in addition to model (13) and (14) also contains the only significant coefficient in
the whole table which is marginally significant in model (11) and (13) and significant at the
five per cent alpha level in model (14). This negative coefficient represents the effect of the
variable pest control and indicates that the usage of it leads to a 29,280.14 birr decrease in the

predicted GM of sorghum in model (11), holding all other predictors constant.

This may be explained in a similar way like for maize above in the case of fertilizer. Pest control
mechanisms were used only twice for sorghum. One of those participants utilizing pest control
lost the harvest while the other one produced only two units resulting in considerably negative
GMs of -16,246 birr and -62,900 birr, both far from the mean GM of -8765 birr. Similar to what
has been stated above, a meaningful result cannot be reported due to the small amount of data.
Apart from this, the table also shows that no coefficient for the use of fertilizer was reported.
This is due to the fact that none of the participants used it. Experience as well as perceived

water availability are associated with positive coefficients, although not significant.

Female is again presented with a negative coefficient in model (14), although this is not

meaningful due to the reasons stated above. While primary education or higher, number of

44 1 this case, the number of observations varies as well due to missing observations for pest control. Further, for
model (14), one observation is missing for number of adult literate family members as this question was
conditional on the answer of the preceding question about number of adults which one participant responded
with zero. In consequence, the question about number of literate adults was not posed.
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literate family members, number of male family members, perceived market access and loan
usage are associated with positive coefficients, the remaining covariates agriculture as the most
important livelihood, family size and willingness to take risk are shown with negative effects
in model (14). However, none of those variables is reported with a significant coefficient.
Summarizing, also for the case of sorghum, hypothesis 3 cannot be verified as none of the

coefficients associated with the selected covariates show a significant and meaningful effect.

Table 11: Regression results — gross margin of sorghum
Dependent variable:
Gross margin of sorghum per hectare in birr as predicted by formula (9) to (14)
9) (10) (11) (12) (13) (14)

. 261.16 237.74
Experience (378.42) 79.79 (338.63) (373.45)
Perceived water 34.01 846.56 363.52
availability (1,975.90) (1,793.43) (1,947.05)
Pest control -29,280.14" -28,020.44"  -40,359.92™

(14,323.54) (15,092.08)  (14,909.98)
Fertilizer
Female -16,523.79
(11,354.64)
Primary education or 8,550.33
higher (12,318.09)
Agriculture=most -2,158.56
important (10,891.45)
Nr of literate family 2,198.10
members (4,039.46)
Family size -3,650.68

y (2,454.04)
Nr of male family 2,851.03
members (3,268.30)
Perceived market 2,860.87
access (1,820.16)
Loan usage 12,092.68

9 (8,275.61)
Willingness to take -1,586.46
risk (2,048.96)
Constant -14,969.17  -8,865.69  -10,292.86"" -8,764.70™  -14,817.04 -6,783.99

(9,908.72)  (7,214.95) (3,698.32) (4,132.03)  (9,535.87) (21,724.34)
Observations 33 33 30 33 30 29
R? 0.02 0.0000 0.13 0.00 0.14 0.52
Adjusted R? -0.02 -0.03 0.10 0.00 0.04 0.15
Residual Std. Error 23,933.38  24,116.42 19,569.68 (df = 23,736.73 20,178.18 (df 18,946.47 (df
' (df =31) (df =31) 28) (df =32) = 26) =16)

- 0.48 (df =1; 0.0003 (df = 4.18" (df = 1; 1.42 (df =3; 1.42(df =12;

F Statistic 31) 1;31) 28) 26) 16)

Note: This table shows results from the multiple linear regression using the collected data in Somali region. The
dependent variable is the GM of sorghum per hectare valued in birr. Experience is a discrete variable measured
in years. Pest control, fertilizer, female, primary education or higher, agriculture=most important and loan usage
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are binary variables. Nr of literate family members, family size and nr of male family members are discrete
variables. Perceived water availability, perceived market access and willingness to take risk were assessed using
an 11-point Likert scale ranging from 0 to 10. For perceived water availability, the scale ranges from very short
to very long. For perceived market access, it extends from very difficult to very easy. For willingness to take risk
it ranges from unwillingness to very willing. Standard errors are shown in parentheses. Significance indications:
*p<0.1, **p<0.05 ***p<0.01

Source: Own calculations based on collected data.

Finally, the same approach was taken for onion, with Y is denoted with ..

Yo=Po + P1 experience + U (15)
Yo=Po + B2 perceived water availability + U (16)
Yo= o + B3 pest control + U a7
Yo = Po + Pa fertilizer + U (18)
Yo = Bo + P1 experience + (32 perceived water availability + B3 pest control + B4 (29)
fertilizer + U

Yo = Po + B1 experience + B perceived water availability + 33 pest control + B4 (20)

fertilizer + s female + Be primary education or higher + 7 agriculture=most
important + g nr of literate family members + Bg family size + 1o nr of male family
members + P11 perceived market access + P12 loan usage + 13 willingness to take
risk + U

In table 12, the regression results for the factors influencing the GM of onion per hectare valued
in Ethiopian birr are presented similarly to the cases before. Numbers of observations differ
regarding pest control due to the same reasons as above. The Rz and adjusted R values suggest
also here a bad model fit. The F-statistic indicates that model (18) is overall significant. This
model also contains the only coefficient significant at the five percent alpha level, which is
fertilizer. Also here, fertilizer is associated with a strong, but this time positive effect, indicating
that the use of it is associated with an increase in the predicted GM of onion by 43,447.51 birr,
holding all other explanatory variables constant. The result is based on a more balanced number
of observations with 16 participants (59.26 per cent) not applying fertilizer and 11 (40.74 per

cent) utilizing it.

Nevertheless, the effect is not significant anymore when considered together with other
covariates as in model (19) and (20). Model (16) and (19) again like in case of maize show a
negative effect of perceived water availability while it is positive in model (20), all of those not
significant. Pest control is presented with a high magnitude positive but non-significant effect

in model (17); in model (19), the magnitude is a lot less and it is negative in model (20). Further,
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in model (20), similar as in the case of maize, primary education or higher is indicated to have
a marginally significant positive effect, here with very high magnitude of 66,231.37 birr. In this
model, experience, agriculture as the most important livelihood, family size and willingness to
take risk are associated with positive coefficients while female, number of literate family
members, number of male family members, perceived market access and loan usage are
reported with negative effects, all of them not significant. In summary, for onion, hypothesis 3
can only partly be verified. Solely the expected factor fertilizer use was found to have a

significant positive and meaningful effect on the GM of onion.

Table 12: Regression results — gross margin of onion

Dependent variable:

Gross margin of onion per hectare in birr as predicted by formula (15) to (20)

(15) (16) a7 (18) (19) (20)
Experience 1,578.74 794.87 453.62
P (997.51) (1,253.77) (1,616.87)
Perceived water -3,921.75 -3,289.01 1,329.25
availability (6,988.56) (7,283.18)  (10,803.13)
Pest control 30,722.84 2,214.13 -13,352.20
(23,509.39) (31,918.01) (55,152.59)

43,44751"  36,296.27 80,535.59

Fertilizer (19,586.72) (32,517.38) (51,637.59)
Female -19,866.51
(43,455.85)
Primary education or 66,231.37"
higher (36,774.22)
Agriculture=most 34,657.25
important (60,012.63)
Nr of literate family -10,703.87
members (8,080.62)
Family size 5,584.51
(11,812.56)
Nr of male family -1,082.07
members (12,540.59)
Perceived market -10,364.73
access (7,931.46)
Loan usage -29,781.86
g (35,346.02)
Willingness to take 2,155.82
risk (9,047.83)
Constant -1,847.66 41,999.64" 21,131.41 14,131.31 7,749.51 -56,173.81
(23,528.71) (20,922.51) (13,298.92) (12,501.90) (32,325.78) (99,543.13)
Observations 27 27 25 27 25 25
R? 0.09 0.01 0.07 0.16 0.19 0.46
Adjusted R? 0.05 -0.03 0.03 0.13 0.03 -0.17

52,157.33 (df 54,366.60 (df 54,832.84 (df 50,007.61 (df 54,923.85 (df 60,228.30 (df

Residual Std. Error = 75) = 25) = 23) = 25) =20) =11)
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£ Statistic 250 (df=1; 031(df=1; 171(df=1; 492" (df=1; 1.16 (df=4; 0.73 (df = 13;
25) 25) 23) 25) 20) 11)

Note: This table shows results from the multiple linear regression using the collected data in Somali region. The
dependent variable is the GM of onion per hectare valued in birr. Experience is a discrete variable measured in
years. Pest control, fertilizer, female, primary education or higher, agriculture=most important and loan usage are
binary variables. Nr of literate family members, family size and nr of male family members are discrete variables.
Perceived water availability, perceived market access and willingness to take risk were assessed using an 11-
point Likert scale ranging from O to 10. For perceived water availability, the scale ranges from very short to very
long. For perceived market access, it extends from very difficult to very easy. For willingness to take risk it ranges
from unwillingness to very willing. Standard errors are shown in parentheses. Significance indications: * p <0.1,
**p<0.05 ***p<0.01.

Source: Own calculations based on collected data.

5.6 Drivers of cereal cultivation

Hypothesis 4 claims that more cereals are cultivated compared to vegetables due to risk aversion
of the family heads, easier storage possibility, drought resilience, subsistence agriculture and
the dual-use benefit for livestock production. To assess this, a binary variable was created,
taking the value one when the cultivated crop is a cereal and zero if this is not the case4®. This
represents the dependent variable in the subsequently created linear mixed model, chosen, as
stated in chapter 4.4 due to the lack of independent observations. Similar to the approach used
in chapter 5.5, different models were created from the general equation (21) based on YING &

ScoTT (2023) to assess the influence of various factors on cereal cultivation.

Y = X1t ... + Xnfnt ot e (21)
Where:
Y is the binary response variable taking the value one when a cereal is cultivated
X1to Xy are the predictor variables
1 to Bn are the fixed-effects regression coefficients of the explanatory variables
a represents the random effects
€ is the error term

The final equations are laid out in the following. The factor drought resilience had to be dropped

from the equation as no participant mentioned this as a reason for crop choice.

Y = subsistence agriculture B1+ a + € (22)
Y =dual use of crop f2+ o+ ¢ (23)
Y = willingness to take risk B3+ o + ¢ (24)

45 Vegetables were defined as tomato, onion, carrot, beetroot and chickpea. Cereals constitute barley, wheat,
sorghum and maize.
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Y = ease of storage s+ a + ¢ (25)

Y = subsistence agriculture B1 + dual use of crop B2 + willingness to take risk B3 + (26)

ease of storage fa+ o+ ¢

Y = subsistence agriculture B1 + dual use of crop B2 + willingness to take risk B3 + (27)
ease of storage B4+ female Bs + primary education or higher e + agriculture=most
important 7 + nr of literate family members Bg + family size o + nr of male family

members P10 + perceived market access P11 + loan usage P12+ a + ¢

Y = subsistence agriculture B1 + dual use of crop B2 + willingness to take risk B3 + (28)
ease of storage B4+ female Bs + primary education or higher e + agriculture=most
important 7 + nr of literate family members Bg + family size o + nr of male family
members P10+ perceived market access P11 + loan usage P12 + perceived demand for

crop Pis + perceived stability of market prices PBis + perceived level of prices P16 +
perceived financial access to inputs P17 + perceived physical access to inputs P17 +

perceived water availability Big + additional income possibility Bio + o+ €

While equation (26) relates to the stated hypothesis, formula (27) was created additionally to
examine the effect of the other socio-economic factors for which data has been collected and
model (28) has the purpose to investigate further potential covariates. Table 13 demonstrates
the mixed model results. The dependent variable cereal cultivation is binary and takes the value
one if a cereal is cultivated and zero if not. The explanatory factors chosen are the binary
variables subsistence agriculture, dual use of crop, female, primary education or higher,
agriculture as most important livelihood, loan usage and additional income possibility4¢ as well
as the discrete variables number of literate family members, family size and number of male
family members. Further, the following scale variables are included, all measured on an 11-
point Likert scale ranging from zero to ten.

For willingness to take risk the scale extends from unwillingness and to very willing. For ease
of storage, perceived market access, perceived financial access to inputs and perceived physical
access to inputs it ranges very difficult to very easy. For perceived demand for crop and
perceived level of price, it extends from very low to very high. For perceived stability of market
prices it ranges from very fluctuating to very stable while the one used for perceived water

availability ranges from very short to very long. Similar to the regressions demonstrated in

46 Additional income possibility takes the value one when additional income was mentioned as reason for crop
choice and it takes the value zero if this is not the case.
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chapter 5.5, the coefficients of the variables are accompanied by their standard errors in
parentheses and, in case of a significant effect, with one star showing marginal significance,
two stars representing a significant effect at the alpha level of five per cent and three stars
indicating significance at an alpha level of one percent. However, the interpretation of the
coefficients is not only dependent, like in common linear multiple regression models, on
holding all other explanatory variables constant, but also on holding constant the random effect
which reduces the relative influence of the fixed effect (UCLA, 2021d).

The numbers of observations vary again due to similar reasons as in chapter 5.547. Looking at
table 13, model (26) which represents hypothesis 4 features the highest Log Likelihood value,
indicating the best fit compared to the other models in the table (UCLA, 2021c). It also has the
lowest values for the Akaike and Bayesian Criterions indicating as well that it has, in
comparison, the best goodness of fit (MOHAMMED ET AL., 2015). This model demonstrates
various significant coefficients. All those are interpreted holding the other variables as well as
random effects constant. Subsistence agriculture, for instance, increases the predicted
probability that a cereal is cultivated by 51 per cent. The dual use property of a crop is associated
with a 37 per cent of that probability. Both coefficients are highly significant at an alpha level
of one per cent. A rise of willingness to take risk of one point on the Likert scale is related to a
four per cent decrease of the same predicted probability, significant at a five per cent alpha
level. Finally, a perceived easier storage possibility of one point on the scale is correlated with
a three percent increase of the predicted probability of cereal cultivation, significant at a 10 per

cent alpha level.

While subsistence agriculture and dual use of crop are also significant in the other models,
willingness to take risk is only significant in model (26) and (27) and ease of storage is
significant only in models (25) to (27). Another marginally significant effect is shown by the
coefficient associated with loan usage. The utilization of loans is related to an increase in the
predicted probability of cereal cultivation by 15 per cent in model (27), significant at a ten per
cent alpha level in this one and model (28). Finally, a perceived easier physical access to inputs
of one point on the Likert scale is also reported as being marginally significant in model (28),

associated with a six per cent decrease in the predicted probability of cereal cultivation.

47 The binary variable subsistence agriculture was created out of the variable units sold. The corresponding
question was posed only when participants had produced something. Because lots of participants lost the
harvest as shown in table 4, many missing values were created.
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Apart from that, although there are no more significant coefficients, female is presented with a
negative one in model (27) and (28), indicating an associated decrease in the probability of
cereal cultivation, although females are underrepresented in the data as mentioned before. The
same is the case for agriculture as most important livelihood and additional income possibility
in model (27) and (28). All three variables show an effect magnitude higher than the rest of
variables. Of those remaining, primary education or higher, number of literate family members,
number of male family members, perceived demand for crop, perceived level of prices and
perceived financial access to inputs are associated with negative coefficients in model (28),
while the opposite is true for family size, perceived market access, perceived stability of market
prices and perceived water availability, all of those not being significant and with a very low
magnitude of effect between minus 0.3 and two per cent. In total, hypothesis 4 can be verified
with regard to almost all expected factors as subsistence agriculture, dual use benefit, ease of
storage and willingness to take risk are associated with significant effects in the model while
only drought resilience was not mentioned at all by the participants and had to be dropped from
the equation.

Table 13: Model results — drivers of cereal cultivation

Dependent variable:

Cereal cultivation as predicted by formula (22) to (28)

(22) (23) (24) (25) (26) (27) (28)
Subsistence agriculture 0.68™ 0.51™ 057" 0.46™
(0.09) 0.08) (009  (0.10)
Dual use of cro 0.717 0.37° 0.30™ 0.3
P (0.06) 0.09  (010)  (0.11)

Willingness to take risk 0.01 (0.02) 0.04 “0.05 0.04

0.02)  (002)  (0.03)
0.04™ 003" 004

Ease of storage (0.02) (0.02) (0.02) 0.03 (0.02)
Female -0.14 -0.10
(0.15) 0.17)
. . . -0.03 -0.01
Primary education or higher (0.11) (0.12)

. _ . -0.10 -0.06
Agriculture=most important (0.13) (0.15)
Nr of literate family -0.02 -0.02
members (0.02) (0.02)

I 0.002
Family size (0.03) 0.01 (0.03)

. -0.003
Nr of male family members 0.01 (0.04) (0.0)
Perceived market access 0.03 (0.02) 0.02 (0.02)
0.15" 0.17"
Loan usage

0.09)  (0.09)
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. -0.01
Perceived demand for crop (0.02)
Pe_rcelved stability of market 0.01 (0.01)
prices

. . -0.02
Perceived level of prices (0.02)
Perceived financial access to -0.003
inputs (0.02)
Perceived physical access to -0.06"
inputs (0.03)
Perceived water availability 0.01 (0.02)
Additional income -0.10
possibility (0.10)

0.24™" 0.22™" 0.63™ 0.54™" 0.33™ 0.94™"
Constant 0.06)  (0.05)  (049)  (0.07)  (0.46) °34023) 5an
Observations 71 114 114 114 71 71 71
Log Likelihood -30.52 -36.89 -78.60 -75.60 -24.69 -39.00 -53.98
Akaike Inf. Crit. 69.04 81.78 165.20 159.20 63.39 107.99 151.97
Bayesian Inf. Crit. 78.09 92.72 176.14 170.14 79.22 141.93 201.74

Note: This table shows mixed model estimates using the collected data in Somali region. The dependent variable
cereal cultivation is binary and takes the value of 1 if a cereal is cultivated and 0 if not. Subsistence agriculture,
dual use of crop, female, primary education or higher, agriculture=most important, loans usage and additional
income possibility are binary variables. Additional income possibility takes the value 1 when additional income
was mentioned as reason for crop choice and it takes the value 0 if this is not the case. Nr of literate family
members, family size, nr of male family members are discrete variables. The remaining variables were assessed
using an 11-point Likert scale ranging from 0 to 10. For willingness to take risk the scale ranges from
unwillingness to very willing. For ease of storage, perceived market access, perceived financial access to inputs
and perceived physical access to inputs it extends from very difficult to very easy. For perceived water availability
it ranges from very short to very long. For perceived demand for crop and perceived level of price it extends from
very low to very high. For perceived stability of market prices, it ranges from very fluctuating to very stable.
Standard errors are shown in parentheses. Significance indications: * p < 0.1, ** p < 0.05, *** p < 0.01.

Source: Own calculations based on collected data.

6 DISCUSSION AND RECOMMENDATIONS

In the frame of this research, data were collected from 44 (agro-) pastoralists cultivating two
GlZ-rehabilitated DVs in Fafan zone, situated in Ethiopia’s Somali region. As described in
chapter 4.1, both DVs feature similar geographical and agrophysical conditions. The harvesting
seasons Jilal 2022/2023 (September to March) and Gu’u 2023 (March to September) were
investigated, particularly regarding the profitability of crops produced as well as reasons for
crop choice. Conceptualised within a DSES thinking, the DVs present an ecological system
subject to degradation driven to a considerable part by the external factor climate change

aggravating droughts and floods.

Various stakeholders undertake rehabilitation efforts to positively influence slow variables like
water availability and soil fertility while the (agro-) pastoralist communities constitute socio-
economic systems influencing their natural surroundings, themselves being influenced as well,

not only through the slow variables mentioned above, but also, particularly in the short term,
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through fast variables such as crop yield which is crucial for the profitability of their produce
and, thus, their livelihoods. The investigation of the GM, the chosen indicator to measure
profitability, allowed to gain some insight about the living conditions (agro-) pastoralists face

in the DVs investigated. The following chapters discuss the results of the analysed data.

6.1 Participants’ socio-economic status, agricultural practices & perceptions

The collected data revealed that both examined DVs are quite similar regarding most social
parameters. The majority of participants in both study sites were male. This mirrors the finding
of other studies (SORPARI, 2023, 2024) about mainly men controlling a household’s land as
well as conducting farm activities and taking decisions. However, one feature varying
remarkably is education. In Harre, 65.22 per cent of participants indicated that their adult family
members are illiterate and without education while in Amadle, only 14.29 per cent reported
this. This value for Harre is also a lot higher than the regional average of men without education
of 2016 which was 44.8 per cent, although this included men from the age of 15 years
(GEBREMESKEL ET AL., 2019). After data collection, GIZ regional staff shared the information
that Harre does not have a school within the village, while the primary school in Amadle is less
than one kilometre from the village centre, leading to the recommendation that establishments
of schools within DVs should be promoted.

Regarding economic characteristics, the DVs are also comparable. All participants practice
agriculture, in both DVs people own the same mean amount of land and cultivate on average
an almost equal share of this land. Further investigation could explore how participants utilize
the rest of land they own as on average only around half of the owned land was used
agriculturally. It is worth mentioning that the reported amount of land owned and cultivated is
a lot larger than the average for Somali region of 1.1 hectares and 0.1 hectares estimated by
ESS & WORLD BANK (2023). Mean land sizes in ADV and HDV are found to be on average
11.86 and 11.34 hectares while a mean of 6.24 and 6.39 hectares of these are cultivated in ADV
and HDV. SORPARI (2024) reported that 80 per cent of respondents in rehabilitated DVs in
Somali region own one to three hectares, two being the average in Fafan according to SORPARI
(2023), which is more consistent with the figures documented by ESS & WORLD BANK (2023).

The reasons for the larger size owned and cultivated reported in the present research remain
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unclear and would need further investigation as a response bias is possible, although there is no

obvious reason to report larger land sizes48.

In both DVs, the experience measured in years is as well comparable and an alike number of
participants used loans and received agricultural advice. The naming of GIZ as a source of
agricultural advice has to be interpreted with caution as a response bias here is possible, leading
study participants to answer in a way they perceive as favourable in the context. Cooperative
membership is more prevalent in Harre than in Amadle. Apart from that, agriculture is more
essential for the participants cultivating HDV, with 91.3 per cent confirming it as the most
important livelihood. In ADV, only 71.43 per cent reported this and in addition, a larger share
practices livestock herding than in Harre which indicates a slightly more diversified income
structure. This, considered together with a higher number of literate adults in the families in
Amadle, represents an interesting field for further research also with regard to income
diversification as it is an envisaged goal of the DVRPU Approach. The low shares of
participants generating income also off-farm (14.29 per cent in ADV and 17.39 per cent in
HDV) are similar to the 14 per cent reported by SORPARI (2023) for Fafan. The concentration
of perceived challenges regarding market access on cost and lack of public transport mirrors
observations documented by SORPARI (2023).

In this research, the Gu’u season (March to September) was found to be the main cultivating
season with people being surprised when asked about cultivation in Jilal season 2022/2023
(September to March)49. This is consistent with SOPARI (2023). However, SORPARI’s (2024)
study investigating second plantings in late 2023 suggests that also cultivation in Jilal is possible
including the obtainment of comparably high yields. This points to the achievement of one
objective of the DVRPU Approach relating to multiple harvests (G1Z, 2023c) backed by
FSIABD CONSULT (2021). Further research to verify whether this is an exception or a trend
would be desirable. With regard to crops produced, it has been found that the participating

(agro-) pastoralists cultivated maize, sorghum, onion, wheat, khat, chickpea, barley, tomato,

48 ithin the pilot phase of the study, land was measured with GPS devices and compared to land size estimations
of the respondents. As estimations were quite exact and measurements consume lots of time, fields were not
measured during data collection. SORPARI’s (2024) reported values are also based on interviews, not on
measurements. A response bias is possible in case participants were particularly conscious about the way
output and GMs are calculated, as larger field sizes reduce output and GM per hectare. This initially seems
unlikely due to the rather low education levels of participants; however, these calculations are easy to
understand and people may have received training for this before.

49 Only four participants cultivated maize, sorghum and onion in Jilal season 2022/2023 (September to March),
all three crops featuring negative GMs for this season.



71

carrot, beetroot and Sudan grass. SORPARI (2024) reported also the cultivation of pepper from
their assessment of second plantings, indicating an adaptation of cropping patterns to the
season. In the present research, the crops maize, sorghum and onion occurred noticeably more
frequently, consistent with SORPARI (2023, 2024). The majority (47.73 per cent) of

participants combined a grain such as maize, sorghum and wheat with onion.

While a wider range of crops is grown in Somali region®0, the general variety of crops found
implies despite low frequencies for some of them a diversification including in the direction of
vegetables, which is intended as well with the DVRPU Approach as it may open up
opportunities to engage in various income and nutrition streams, adding to food security.
Further research about the continuity of this development is recommended. A general
diversification of crops contribute to soil health (WANG ET AL., 2022) and should be promoted
further while SORPARI (2024) points specifically to additional benefits connected to an

introduction of more legume crops as they improve soil quality.

The assessment of reasons for crop choice proved that maize and sorghum are mostly cultivated
due to their dual use benefit for food and forage while onion is used to generate additional
income. Interestingly, SORPARI (2024) reports drought resistance of crops to be the most
important factor, which was expected to be found in the present research as well, but was not
mentioned by participants. The reasons for the inconsistency are not exactly clear, although the
assumption is made that this result relates to the wording of the question. SORPARI (2024)
asked distinctively for reasons for crop selection and purpose of cultivation of specific crops,

which seems to be a more feasible approach to get correct information.

Interpreting the results for maize and onion regarding amount produced and sold, those indicate
that maize is used mainly for subsistence while onion is produced to generate cash. SORPARI
(2023) reports the same for irrigated crops in Fafan and SORPARI (2024) backs this finding.
According to the collected data, the highest average price for onion was obtained in the market
compared to prices paid by intermediaries and wholesalers. Due to the frequent losses of
harvests, for sorghum a clear indication is missing, although it is assumed that it serves the
same purpose as maize. The deliberate cultivation of onion to earn additional income which is
also largely achieved as the majority of producers indeed sold their produce shows without

doubt a successful generation of income through crop production, pointing as well to

50 Table A8 in appendix Il provides further information.
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achievements of desired DVRPU effects which may improve (agro-) pastoralists livelihoods,

although also here, further research is recommended.

An interesting result is the considerable number of participants donating parts of their produce.
This may be connected to social and cultural (GI1Z, 2024b) as well as religious values prevalent
in the region and points to interesting research fields regarding social structures in the DVs.
Those may, among others, have an impact on productivity, as help from other community
members for instance during the harvest may increase efficiency and facilitate optimal timing
while donation of produce points to a contribution to food security of poorer community

members.

Looking at the lost part of the harvest, pests and drought reported may give an indication of
reasons. For onion, five participants losing the harvest reported bugs and drought most
frequently (each reported by 60 per cent). Seven participants lost maize with drought reported
most often among them (by 71.43 per cent). With regard to the 26 people losing their sorghum
harvest, bugs and birds were mentioned most frequently by 38.46 and 80.77 per cent of them.
This indicates that the main reason for the loss of the sorghum grain is caused by birds. Harvest
losses due to birds mainly during harvesting were reported also by SORPARI (2023) while they
also pointed to one sorghum variety used in Fafan, dangi, being particularly tolerant to birds
(ibid.). They also mentioned another variety, Cilmi-jamac, being the most popular in the region
which is caused by its increased head numbers, tillering ability, biomass production and drought
tolerance (ibid.). However, improved seeds are rarely accessible in the area (ibid.). This
represents a field for further research investigating which varieties are used for which specific

reasons in the rehabilitated DVs and which should be recommended.

With regard to agricultural practices, the scarce use of fertilizer and pest control is no surprise
as Somali ranks as one of the regions with lowest application rates of those inputs (CSA,
2022b). More machinery and seeds were mentioned as most necessary inputs for currently
produced crops. Also, SORPARI (2023) reported that limited mechanization is perceived as
core challenge. Most seeds were obtained on the market with maize and sorghum featuring a
higher average seed price per unit than onion while financial access was not named as key
necessity. The classification of onion as the crop with highest demand is consistent with the
high rating regarding the perceived level of prices and onion being used to generate additional
income. Also, the bad rating of storage is a logical result as vegetables are more perishable than

cereals (MOHAMMED RESHID CONSULTANCY, 2018).
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While physical access to inputs is rated very well for the crops currently produced, the majority
reported this access to be very bad regarding different crops they would wish to produce. It is
a field for further research to investigate which crops would be most desired by (agro-)
pastoralists cultivating rehabilitated DVs as this has not been covered in the present research.
The lack of physical access to inputs was mentioned a lot more frequently than financial access
in the present research, indicating that a diversification of crop production finds an obstacle
here. Also SORPARI (2024) reports that access to seeds for the production of crops different
from maize and sorghum is missing. Further investigation, for instance through controlled
experiments with different crops and varieties, is recommended in this context. During the pilot
phase of the data collection, this was already observed in small-scale. In Harre, several fruit
trees were planted close to the WSW, encompassing eucalyptus, papaya and mango trees.
Further investigations should document the development of this initiative. SORPARI (2024)
started this already reporting apart from the above mentioned trees also guavas and avocados

not only for Harre, but also for Amadle.

6.2 Water-spreading weirs and vegetable production

The statistical analysis allowed to confirm hypothesis 1 as (agro-) pastoralists were producing
significantly more vegetables in the Gu’u season 2023 (March to September) looked at for this
test than before the construction of WSW. This indicates a diversification of livelihood and
income opportunities over the course of the intervention which is envisaged by the DVRPU
Approach (GlZ, 2023c). However, as only one year, respectively, one main season was
investigated within the frame of this hypothesis, further research regarding past or future harvest
seasons would be useful to confirm whether the vegetable share was exceptionally high or even
low. In this regard, SORPARI (2023) provides a hint with an analysis of crops having been
produced in Fafan across a ten year time span utilizing data provided by CSA. This shows that
onion has been produced only between 2013 and 2016, tomato has been produced only between
2017 and 2018, both covering only small surface areas while cereals such as maize and sorghum

were cultivated with greater continuity and larger surface areas covered between 2012 and
2020/2021°1 (ibid.).

Subsequent studies may investigate the exact reasons for why the change occurred as it could
be due to a variety of circumstances such as, among others, increased extension services

provided through the government, less risk aversion, fewer pests (G1Z, 2024b), improved

51 The original source shows this referring to the Ethiopian calendar. This has been adapted for this research.
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availability of water and/or labour, better financial and physical access to inputs or higher
market demand and soil fertility. This may have been improved, among others, through the
described sedimentation and moisture increasing effect the WSW have on the land. As this
enhances biomass productivity and, thus, crop residues, more organic matter may be present in
the soil, increasing fertility (EKYALIGONZA ET AL., 2022). Apart from that, a more biodiverse
crop production may, if managed correctly, have a similar enriching effect as a higher variety
of plants implies differing root structures and organic matter, also attracting insects which may
enhance the quality of the soil further (MIR ET AL., 2022). Investigation and optimization of

current cropping patterns are recommended in this context.

Out of this research, a hint regarding the reasons for the diversification is provided only through
the examined causes for crop choice of participating (agro-) pastoralists demonstrated in chapter
5.1 which show that particularly the vegetable onion was cultivated to benefit from additional
income opportunities which can be due to, among others, higher market demand and prices,
easier financial and physical access to inputs or fewer required inputs. Obsolete inputs in the
catchment area of WSW have been reported before (AMEDE ET AL., 2022; GETNET ET AL., 2022)
which reduces production cost (TESFAI & STERK, 2002). Thus, more research regarding the

topic is strongly recommended.

6.3 Gross margin analysis

The data demonstrated that the main crops grown are maize, sorghum and onion. Sudan grass
was planted by one participant, but could not be measured as it was not possible to obtain unit
sizes and amounts of units produced. As the fodder produced is very important for (agro-)
pastoralists to feed their livestock, this, including the analysis of the forage component of maize
and sorghum, the straw, represents a topic where further research apart from the one already
conducted by EAST AFRICA ENGINEERING AND GENERAL CONSULTANT (2018) and SORPARI

(2024) is recommendable.

Regarding output produced, averages were higher for most vegetables than cereals.
Unfortunately, the restricted number of observations does not allow a meaningful interpretation
here for all crops produced. Still, high mean values for carrot, onion and tomato indicate a
higher productivity of vegetables. More research is desirable to verify whether those crops
should be promoted to facilitate envisaged DVRPU effects relating to food security, income
diversification and improved livelihoods. When compared to the limited available literature,
yields of maize, sorghum and onion seem remarkably low. While average outputs per hectare

in the present research were estimated at 1,456 kilogram, 418 kilogram and 113 kilogram for
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onion, maize and sorghum, other average estimates for Fafan zone for 2023 amount to 7,600
kilogram for onion, 2,000 kilogram for maize and 1,800 kilogram for sorghum under rainfed
production (ZONAL OFFICE OF AGRICULTURE, 2023, as cited in SORPARI, 2023). The
productivity of maize was assessed as far below the national average, representing less than
half of the country’s mean (SORPARI, 2023). The study was created in the same year as the
present research, making the large difference surprising. However, neither exact information

about the sample location is provided nor the exact method how yield estimates were obtained.

A second study conducted by SORPARI (2024) calculated yields for maize and sorghum for
second plantings in rehabilitated DVs in Somali region in 2023 using the crop-cut method>2.
They documented an average maize and sorghum yield of 3,562 and 3,348 kilogram per hectare
(ibid.)>3. Rains in Fafan were less from October to December 2023 than from March to May
2023 (REACH INITIATIVE, 2024), the former period assumed to correspond to the yield
calculated by SORPARI (2024) and the latter corresponding to the results of the present
research. Yields may be less as rains from March to May lead to flooding (FEWS NET, 2024;
OCHA, 2024), resulting in postponing the planting (REACH INITIATIVE, 2024), although crops
in general were reported to be healthy in most areas by June 2023 (FEWS NET, 2024).

Further, SORPARI (2024) investigated second plantings while the present study assessed the
first ones. A more obvious reason for the yield gaps here, however, seem to be based on the
measurement method applied by SORPARI (2024). The present research relies on the memory
and reporting behaviour of the participants. This may lead to biases grounded in non-exact
figures provided by interviewees and expectations of participants regarding potential
consequences of the interview. From their perspective, lower reported figures, for instance, may
lead to more support in the future. Further, land sizes found within the present research are a
lot larger than values obtained in other studies (ESS & WORLD BANK., 2023; SORPARI, 2023,
2024), a result indicating the possibility of incorrectly reported land sizes, thus, influencing

output and GM calculations.

52 The crop-cut method involves the usage of several small parts of the original plot representative for high,
medium and low crop performance (SORPARI, 2024). Grain yield is weighed after having been adjusted to
optimal moisture (ibid.). Yield is calculated through dividing production by area and is subsequently
expressed in kilogram per hectare (ibid.). The straw yield was also estimated by cutting, weighing the fresh
yield and subsequently drying it in the oven to obtain the dry weight (ibid.).

53 The reported maize yield for ADV is included in this average (SORPARI, 2024). The value estimated for
Amadle amounts to a mean of 4165 kilogram per hectare (ibid.).
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The Ethiopian governmental statistics institution, CSA, in general as well reported higher yield
values for maize and onion for Fafan zone in 2020/2021, although documented yields were
decreasing in the years after>4. The drop in the yields reported by CSA makes sense when taking
into account the start of the drought in late 2020, being aggravated in the subsequent years
(REACH INITIATIVE, 2024). More recent figures corresponding to the end of the drought in
2023 are not published yet through CSA. While the gaps in yields reported by CSA compared
to the ones in the present research are astounding, different reasons for this are possible, such
as related to the sample or the year as well as the fact that CSA interviewed peasants, not (agro-
) pastoralists, which, although having a lot in common, nevertheless have been treated different
in research as pointed out by SCooNEs (2021). Further, as mentioned in chapter 4.1, it is not
exactly clear which season reported by CSA corresponds to the Gu’u season (March to
September) in Somali region. Apart from that, CSA uses varying methods and tools to measure
the yield as individual interviews, measuring tape, measuring software for tablets (CSA, 2022b)

and crop cutting were applied (CSA, 2022a).

Although, also for other Somali region zones like Godey Woreda in Shebelle zone, for maize a
yield of 2,500 kilogram per hectare was observed while for onion a yield of 15,000 kilogram
per hectare was to be expected in 2018/2019 (MOHAMMED RESHID CONSULTANCY, 2018),
constituting much higher figures than the ones obtained in this study, however being based on
irrigation (ibid.). Another study assumed a maize yield of 3,000 kilogram per hectare, but
produced under irrigation in Godey (EAST AFRICA ENGINEERING AND GENERAL CONSULTANT,
2018). Further, a different study reported maize, sorghum and onion yields for the year
2016/2017 and calculated for Jigjiga South respectively 512 and 502 kilogram per hectare for
maize and sorghum under rainfed production as well as between 2,102 and 4,897 kilogram per
hectare for onion under irrigation in various Woredas of Shebelle and Siti zones while

54 The estimated maize yield for the main season 2020/2021 was 2,467 kilogram per hectare for Fafan zone
(2021b) while in 2021/2022, the yield was only 1,250 kilogram per hectare (CSA, 2022a). For sorghum, the
yield for the main season 2020/2021 was reported to be 1,945 kilogram per hectare for Fafan zone (CSA,
2021b) and no yield was reported for 2021/2022 due to too high coefficients of variation (CSA, 2022a). Onion
was not reported in both years due to the same reason (CSA, 2021b, 2022a). For the short rainy season 2021,
the maize yield was at 483 kilogram per hectare according to CSA, while no values were reported for onion
and sorghum (CSA, 2021a). In the 2022 short rainy season, an average maize yield of 557 kilogram per
hectare was reported for Somali region, while for sorghum and onion no yield estimation was reported (CSA,
2022b).
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classifying those amounts as particularly low (HEDBEZ BUSINESS & CONSULTANCY PLC,
2018)55.

Taking into consideration that Somali region was affected by drought in 2016, recovering from
that in the years after (LAMESO ET AL., 2022), low yields in 2016/2017 are no surprise. Most
yield estimates calculated for rehabilitated DVs in Afar region are as well higher than the ones
obtained in the present research®. Most of those data, however, do not include much
information about the exact calculation method, so that from there, differences might result as
well57. Summarizing, despite comparably low average yields for all crops, in the present
research, onion has been identified as an, in comparison, high-yielding crop which is cultivated
in the examined DVs in the majority of cases due the additional income opportunities it
provides. This finding is backed by SORPARI (2023) which reported vegetables to be in general
higher yielding than grains in Fafan zone. The same has been found by a study conducted before
for the area, while also pointing to the labour intensity of those crops (FSIABD CONSULT, 2021).

With respect to cost components, the present research found that onion is also the crop with
highest variable expenses per hectare, 52 per cent of which are allocated to the sowing phase,
although per unit seed cost is lower for onion than for maize and sorghum. For the main
produced cereals, maize and sorghum, the highest cost driver was the harvest, pointing to most
of labour allocated in this production step. Estimations of production costs have been made

within other studies for Somali region, but those are not easily comparable to the present

55 The study conducted by MOHAMMED RESHID CONSULTANCY (2018) mainly assessed value chains in Somali
region while the study conducted by EAST AFRICA ENGINEERING AND GENERAL CONSULTANT (2018)
assessed the fodder market in Somali region. The study conducted by HEDBEZ BUSINESS & CONSULTANCY
PLC (2018) represents a baseline report to evaluate the status quo before implementation of measures
undertaken by the Sustainable Drought Resilience Project in Somali region. All of them were conducted for
GIZ Ethiopia.

56 A study conducted in sites rehabilitated through WSW in Afar documented a mean yield of 627 kilogram per
hectare and an average of 547 kilogram per hectare for maize and sorghum in 2022 (APARI, 2023b) while
earlier studies found a considerably higher yield (AMEDE ET AL., 2022) even during low season (AMEDE,
2017; GETNET ET AL., 2022). The maize yield found in Chifra, Afar, amounted to 2,100 kilogram per hectare
in the low season 2017 experiencing a failure of rains although the plots were experimental and management
practices were applied with the support of ICRISAT (AMEDE, 2017). Maize and sorghum yields in the main
season 2017 were 5,990 and 6,200 kilogram per hectare, although also due to, among others, intense crop
management and various planted crop varieties (ibid.). Maize yields in 2018/2019 in Chifra, Afar and 2019
in Yallo, Afar amounted to 3,540 and 5,800 kilogram per hectare (AMEDE ET AL., 2022). Sorghum yields in
those locations were 620 and 1,430 kilogram per hectare (ibid.). GETNET ET AL. (2022) reported maize yields
between 2,100 and 5,390 kilogram per hectare for different seasons between 2016 and 2017 in Chifra while
yields varied significantly depending on location within the catchment area of the DV.

57 In the present research, (agro-) pastoralists who lost the harvest are included in the calculation and at least the
figure for sorghum changes considerably from 113 to 533 kilogram per hectare when excluding the lost
harvest, demonstrating the importance of the exact calculation method.
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research as estimations are subject to the fluctuating inflation prevalent in Ethiopia as measured

by the WORLD BANK (2024)58,

Regarding the GMs obtained, the amount of data collected allows a meaningful inference only
for onion, maize and sorghum as data collected for the other crops were less than five
observations, most of them only represented by one observation. Nevertheless, the
exceptionally high margins of most of vegetables should be investigated in subsequent studies
as they may imply considerable opportunities to earn additional income as mentioned above.
From the analysis, it is clearly visible that onion features a considerably higher mean GM of
31,832 birr per hectare than the cereals maize and sorghum with 1,190 and -8,765 birr per

hectare.

To investigate the high variability in the onion GM with values ranging from -36,500 to 184,760
birr per hectare as well as high variability in GMs of sorghum and maize, an attempt was made
within this research, the results of which are demonstrated in chapter 5.5 and will be referred to
again in chapter 6.5. Despite this high variability and although onion is more perishable than
cereals (MOHAMMED RESHID CONSULTANCY, 2018), implying more risk than maize or
sorghum, the present research provides evidence for higher productivity and potential
profitability of onion, opening up additional income opportunities as mentioned above. This
may be backed further by more research, for instance through experimental provision of seeds

as the sowing phase is found to be the step implying most of variable expenses.

However, the GM calculation scheme itself has some limitations which have to be mentioned
as well. The produce was valued not distinguishing between home consumption and sold crops
which bends reality slightly as for example transaction costs usually are not included in the
value of crops produced and consumed at home while sold crops are subject to those, in addition
to demand and supply forces. Farmgate prices reported in Harre and Amadle were used to

58 An estimation of total production cost mounting to 8,320 birr per hectare has been made before for maize
produced in Godey (MOHAMMED RESHID CONSULTANCY, 2018) without provision of the exact calculation
scheme, although it can be assumed from the context of the paper that total variable cost was meant. The
figure is close to the estimation of 9,109 birr per hectare made in the present research. The same study
provided a cost-benefit-analysis for onion, reaching a total cost of production of 68,800 birr per hectare
although the main cost driver is the fuel used for irrigation pumps (ibid.). Deducting that, 40,800 birr per
hectare remain, being almost double of the estimation of 22600 birr per hectare made in this research.
However, it is difficult to compare the calculated amounts as, like mentioned before, the exact calculation
method is not provided and it is unclear which elements are based on data and which assumptions have been
made. Further, the study has been conducted in 2018 and, thus, is subject to inflation.
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determine an average in order to value the production. This average was obtained through very

few reported values®?, restricting the meaningfulness of this figure.

As the corresponding question in the questionnaire was conditional and only posed in case the
respective participant actually sold a part of their production, a better approach may have been
to ask all participants for price estimations for their respective crops, although this implies
potential further biases for instance related to incorrectly memorized prices or currency
fluctuations for cases when people consequentially report past farmgate prices. In case the
prices could not be reported by participants they were obtained from the market deducting an
average margin sellers reported they keep for themselves. This reduces the degree of realism as
prices obtained in different locations vary due to (non-) incorporated transaction costs. Further,
according to SORPARI (2023), the limited infrastructure forces (agro-) pastoralists to sell their
produce for low prices in the closest markets indicating that prices obtained could be higher

depending on the access an individual has.

Transport cost and frequency have been included in the questionnaire with the intention to
incorporate also those expenses into the GM calculation. It turned out though, that those
questions should have had to be formulated with a far larger degree of detail as there was no
distinction between the exact purposes of the market visits. A person mainly producing for
subsistence for example might go to the market to buy inputs, or, in case seeds were saved, for
a completely different purpose, but would report this in the same way like a person who went
to buy inputs. Further, also participants selling produce have to go to the market, but in case of
this research, this transport cost would not have been adequate to be included in the calculation

as farmgate values were compared.

Due to this, transport cost was excluded from the calculation. Apart from that, after data
collection was discovered that at least one participant included the transport cost he incurred
directly into prices of seeds and inputs reported so there, a clarification would have been
necessary that only prices without additional costs were asked for. In addition to that, the
questionnaire for the present research did not take into account further inputs necessary for crop
production mainly through labour such as plant care as well as transplanting seedlings.
Including those would have extended the questionnaire too much while it now has to be taken

into account that GMs would be lower if those would have been considered.

59 Table A.10 in appendix Il provides more information on this.
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Further, Khat had to be treated separately as the calculation could not be applied in the exact
same way due to the perennial character of the plant. The production steps had to be separated
into elements for which an allocation to fixed costs is more appropriate and variable elements
to be considered in the GM calculation. An even more detailed and extensive degree of detail
within the questionnaire as well as more explanation and training provided to the enumerator
could have led to more exact collected data. As Khat was not covered in the pilot phase during
questionnaire testing, this obstacle was not discovered in time. A general limitation of GM
analysis is that the GM calculated is larger than the net return remaining after fixed costs have
been subtracted as also noticed by BALOYI & MAUTIANA (2018). Apart from that, it is, similar
to yield, a value calculated solely for one point in time which would need more studies in
subsequent years to provide a meaningful base for interpretation while controlling for inflation.

Finally, it represents a fast variable according to the descriptions in chapter 2.5 and is dependent

on lots of external factors®0 which may be investigated in future studies.

6.4 Differences in gross margins

Regarding hypothesis 2 stating that the profitability of the crops differs, the employed statistical
test confirmed this only in part. A significant difference could only be confirmed for sorghum
and onion as well as sorghum and maize. Maize and onion are not significantly different in their
GMs. In contrast to that, the used statistical analyses allowed to confirm hypothesis 2.1 claiming
that profitability is higher for vegetables than for cereals. Although this analysis was limited to
only three crops, it implies again that onion may represent a quite profitable option, also with

regard to objectives of the DVRPU Approach mentioned above.

6.5 Drivers influencing gross margins

Regarding the drivers influencing GMs of crops produced, that is, hypothesis 3, which stipulates
that profitability increases with agricultural experience, the use of fertilizer, the use of pest
control mechanisms and the availability of water, the results were limited. For all three crops
the chosen factors did not explain the variation in the GMs very well. The strong significant
negative effects of fertilizer for maize and pest control for sorghum were not based on sufficient
observations. However, SUMAKA (2017) also found a negative significant effect of quantity of
pesticides when investigating drivers of output. In the present research, a significant result
regarding drivers of profitability is the coefficient of fertilizer application for onion, although

the coefficient was not significant in all models and all equations featured a bad model fit.

60 Tables A.2 to A6 in appendix 11 show a compilation of various potential influencing factors.
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Fertilizer application was also found to have a significant positive effect on bean profitability
in Malawi (KASONGA, 2018) and quantity of fertilizer was significant and positively affecting
output in further studies (SUMAKA, 2017; XABA & MASUKU, 2013). As other studies conducted
in Afar region, although only examining grains and legumes and no vegetables, suggest that
actually fewer inputs in the catchment area of WSW are necessary (AMEDE ET AL., 2022;
GETNET ET AL., 2022) which may decrease production cost (TESFAI & STERK, 2002), further
research is highly recommended to examine the status of soil fertility in rehabilitated DVs as

well as exact amounts of potentially beneficial fertilizer in vegetable production.

Perceived water availability was associated with a negative coefficient although the intuitive
assumption was that it rather increases the GM of crops. For the case of maize, this might
indicate that the scale has not been explained or not been understood in the way it was necessary
during the interview to facilitate a correct and meaningful answer to the question. This is
possible as maize was usually the first crop for which participants had to go through the
questions. For onion, however, too much water might in fact reduce production as has been
indicated by one participant. Finally, the indicator was not optimal as the perceived water
available may be quite high, while for successful crop production it may still be insufficient.
Education had marginally significant effects on the GMs of maize and onion while the number

of males in the family of the participant was marginally significant for maize only.

Regarding education, a significant positive effect on vegetable profitability was found also in
other studies investigating drivers of GMs (MERSHA ET AL., 2017; XABA & MASuUKuU, 2013).
Further, the factor was reported to be significant in thematically similar studies (GEBRIE, 2018;
SHUMET, 2011; WOLLIE ET AL., 2018; YASIN, 2020). Education is assumed to enforce talent and
enterprising ability of vegetable farmers (XABA & MAsSUKU, 2013). In the setting of the present
research, it is assumed that education also leads to an improved capacity to interpret and
calculate figures, therefore also an understanding of prices of inputs and outputs as well as an
improved capacity to take informed decisions about investments and associated risks, thus, to
financial literacy. This assumption is backed by a high magnitude marginally significant effect
of education in the regression table of the GM of onion. The marginal positive significance of
number of males in the family for the GM of maize seems intuitively logical as it represents an

increase in the workforce available for the completion of tasks related to the production process.

The limited results regarding hypothesis 3 imply that the covariates included, with the exception
of fertilizer in case of onion, do not explain the high variability in the GMs of maize, sorghum

and onion. While this may be due to inherent problems in the model such as multicollinearity,
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that is, correlated independent variables, there are also lots of factors not considered in the
present research which could offer an explanation. Those may, among others, be related to soil
fertility and water availability in the distinct plots (GETNET ET AL., 2022), environmental,
institutional and financial circumstances or factors related to agricultural practicesél. More

studies are necessary to determine which specific factors influence GMs in rehabilitated DVs.

Further research could also explore different regression models implying for instance the
creation of a binary variable for profitability being equal one for a positive GM and zero for a
negative one as done by KASONGA (2018) or different forms of regressions such as exponential,
double log or semi log types as employed by SUMAKA (2017). Apart from that, the phrasing of
the hypothesis was not exactly suited to the type of data planned to be collected as only the
perceived water availability was reported while it was beyond the scope of the study to quantify
real availability of water in the various plots. This represents a very interesting field for
investigation, particularly over the course of the year and covering various years. Finally,
regression results employed like this may in general only be able to demonstrate a correlation
and cannot verify a causation as implied by the phrasing of the hypothesis. Apart from drivers
influencing the GM of crops produced, further regression studies may also examine

determinants of the sold share of crops produced®2.

6.6 Drivers of cereal cultivation

A linear mixed model was used to investigate hypothesis 4 which claimed that more cereals are
cultivated compared to vegetables due to risk aversion of the family heads, easier storage
possibility, drought resilience, subsistence agriculture and the dual-use benefit for livestock
production. The model allowed to verify most parts of the hypothesis with the exception of
drought resilience of crops which was expected to be one of the main reasons for crop choice,
but none of the participants mentioned it, leading to a drop from the equation. However,
SORPARI (2024) found drought tolerance to be one of the most important factors for crop

choice as mentioned above.

The model with the best fit was the one including the remaining four variables of the hypothesis.
The high significance and magnitude of the coefficients of subsistence agriculture and dual use

of crop present a logical result as vegetables represented by onion in the present research were

61 Regarding factors potentially influencing GMs, tables A.2 to A.6 in appendix Il provide a comprehensive
compilation.

62 Table A.7 shows potential factors influencing the sold share of crops produced.
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cultivated due to additional income opportunities while cereals were not. Further, cereal
cultivation was justified in most of cases with the dual use benefit those crops offer. Also, a
decrease in the probability of cereal cultivation related to an increase in the willingness to take
risk represents a consistent result as a less risk averse person might decide to invest in riskier
crops such as onion in order to gain a higher revenue in the end. The correlation between an
improved possibility to store the crop and the increase of cereal cultivation probability was not
expected as described in chapter 4.3, although better storage facilities may not only facilitate

vegetable production; also, the cultivation of other crops may be simplified.

Apart from that, an increase in the likelihood that a cereal is produced associated with loan
usage may be counterintuitive first, as loans may be related stronger to risky investments like
vegetable production. Nevertheless, also for cereal production, improved financial means
represent a support as this may facilitate, among others, the access to inputs such as seeds,
mechanization such as tractor rental, transportation and markets as well as provide opportunities
to improve storage facilities. Further investigations with regard to frequency of loan usage
among (agro-) pastoralists and examinations of the supply side looking at financial products
potentially accessible for them are recommended to get an understanding of opportunities and
potentials in this field. Finally, the decrease in cereal cultivation probability related to a
perceived better access to inputs constitute a plausible result as the access to inputs opens up
opportunities to produce crops in need of more inputs in general, such as vegetables
(SCHREINEMACHERS ET AL., 2018). However, also here, the latter is represented with a rather
low magnitude. Research would be necessary to investigate how production of vegetables and

also legume crops can be supported through improved access.

With respect to the model created, it is worth mentioning that multicollinearity was not assessed
which could be present among some of the variables and would influence the results obtained.
Further, subsistence agriculture was created out of the variable indicating whether participants
sold their produce or not, reducing the observations which could be used for this model
considerably as lots of interviewees lost the harvest as demonstrated in table 4. A question
directly asking whether cultivation was intended for subsistence or the market may have led to
more usable observations, producing a more representative result. A different approach is
possible also by using the question asking for crop choice to which participants answered
frequently additional income to create the variable subsistence agriculture, which would take
the value one when additional income was not given as reason and the value zero when the

opposite is the case.
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Regarding the exact phrasing of the hypothesis, in the present research was not investigated
whether more cereals were produced due to the listed factors. The type of statistical assessment
employed only verified the significance of the associated possibility increases and decreases
and did not establish a link to the produced grain and vegetable quantities. Finally, as described
in chapter 6.5, also the model used for hypothesis 4 does not allow to infer causation as it only

models the relation between the included variables.

Nevertheless, the assessment of hypothesis 4 shows that cereals might be selected for
production with a higher probability when (agro-) pastoralists mainly cultivate for own
consumption and use the crop not only for food but also for forage, combined with risk aversion
and better available storage options. Although this does not allow the direct inference that the
opposite has to be true to lead to vegetable cultivation, it provides an entry point for further
analyses in this direction which might be of interest particularly regarding DVRPU objectives
such as income diversification through the cultivation of vegetable crops®3. In case the analysis
is backed by further investigation of drivers of vegetable cultivation, measures such as capacity
building may equip (agro-) pastoralists with information about the potentials of vegetable
production as well as improved ability to take better decisions also regarding riskier crops.

7 SUMMARY & CONCLUSION

The analysis of the data collected from 44 (agro-) pastoralists in the frame of the present
research contributed to the understanding of the productive use of the rehabilitated DVSs in
Somali region, particularly related to the profitability of crop production as well as crop choices.
Conceptualized within a DSES lens, those variables allow to get insights into living conditions
of (agro-) pastoralists but do not allow much inference on the further development of the DVs
regarding rehabilitation as explained in chapter 2.5. The research found that most participants
only cultivated in Gu’u season corresponding to March to September, while SORPARI’S (2024)
study indicates that also cultivation in Jilal corresponding to September to March is possible,
which could mean a step towards the envisaged DVRPU effect of multiple harvests. More
research regarding the implementation of double cropping practices is therefore recommended.

The two investigated DVs are similar regarding geographical and agrophysical conditions, as
well as in terms of most socio-economic parameters, although levels of education were

considerably lower in Harre, possibly related to the non-existence of a school, pointing to the

63 For exploratory purposes, the probability of vegetable cultivation was modelled in addition while using the
same predictors as specified in chapter 5.6. Table A.13 in appendix I11 shows the results.
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need to promote the establishment of a school within the village. The investigation of degrees
of income diversification in conjunction with education levels is interesting as it also relates to
desired DVRPU impacts. Land size was surprisingly not at all consistent with results obtained
in other studies, while reasons for those findings are not clear and deserve investigation. Also,
the exact use of land owned by participants which is not cultivated should be examined. Further
interesting fields for research are related to prevailing religious cultural and social values

potentially impacting productivity and/or food security.

Crops found to be produced were maize, sorghum, onion, wheat, khat, chickpea, barley, tomato,
carrot, beetroot and Sudan grass, while SORPARI (2024) reported also pepper. Research is
recommended to establish whether the range of crops found is a trend or an exception. During
the Gu’u season 2023 (March to September) investigated in the present research, maize and
sorghum were produced for subsistence providing food and forage while onion was planted to
generate income. Those three crops were produced most frequently, most often in combination
with each other. The present research found that after the construction of WSW significantly
more vegetables were produced, while research from SORPARI (2023) reported very low and
non-continuous production of tomato and onion in the years before the intervention started.
This indicates a start of vegetable production potentially correlated with the installation of

WSW and their effects. Further research is recommended to examine this thoroughly.

Although frequencies of crops other than maize, sorghum and onion were very low, the variety
found indicates an adaption to different seasons as well as a diversification of production and,
thus, nutrition and income streams, representing a targeted effect of DVRPU as this contributes
to food and nutrition security and diversifies livelihoods. Further research is strongly
recommended to investigate the continuity of this development. A production system
encompassing various crops also improves soil quality, which is why the diversification should
be promoted further, also regarding soil improving legume crops as recommended by SORPARI
(2024). Apart from that, current cropping patterns should be investigated and optimized, if

possible, to make more use of the above-described benefits of crop diversity.

Widespread harvest losses of sorghum and simultaneously reported bird attacks point to a
particular vulnerability of this crop regarding those animals. Further research is recommended
to explore which sorghum varieties are used in the rehabilitated DVs and whether better suited
varieties can be introduced. In addition to machinery, seeds in general were mentioned as most
needed inputs for current crops while physical access to inputs such as seeds is a challenge for
(agro-) pastoralists who want to produce different crops, a finding backed by SORPARI’s
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(2024) study. This leads to the recommendation to explore which crops would be desired most
by (agro-) pastoralists as well as options for improving access to inputs in conjunction with
controlled crop experiments as a means to further efficiently diversify the production aligned
with DVRPU goals.

Despite low cultivation frequencies, the research indicates higher productivity levels of
vegetables in comparison to grains while more research is necessary to verify the potential of
those crops in contributing to food security as well as income diversification and, thus, to
DVRPU objectives. Yields of maize, onion and sorghum calculated in the present research were
low compared to the majority of other reviewed studies while this may be due to sample, exact
plot location, season, year, agricultural practices, weather patterns, measurement and
calculation method, response bias of participants and intentions of the organisation conducting
the study. Further research is recommended to create more data-based information about exact

productivity potentials of the different crops.

GMs of vegetables in general were remarkable, indicating huge income generating potentials,
but need more investigation due to few observations. Based on a representative number of
observations, the present research identifies onion as particularly high yielding crop with an
average GM significantly higher than the one of sorghum. However, not only potential
profitability of onion is high, also the variability of the GM is. Nevertheless, the crop is used
purposefully to earn income, perceived to face strong demand and market prices and therefore
indicates a step towards the envisioned DVRPU impact to generate additional income
opportunities through cash crop production. As onion is a more perishable crop than cereals
and as storage was mentioned as a challenge it is recommended to explore cost-efficient
solutions to this. Production costs for onion were found to be high as well, particularly relating
to the sowing phase, so further research could examine whether costs can be reduced as well,
for instance through provision of seeds or more efficient production methods. The GM of maize
is significantly higher than the one of sorghum while further investigation could explore seed

varieties used and production improvement potentials for both crops.

The calculation of GMs implies several limitations related to the degree of detail for instance
in terms of cost components which were not covered in this analysis such as transport and
proxies used to be able to value production like the farmgate prices employed. The collected
data were also very limited apart from maize, sorghum and onion, making the results a lot less

representative. Finally, a GM study should be complemented by further similar studies
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conducted in subsequent years to be able to interpret the development of crop production, while

adjusting for inflation.

The investigation of drivers of GMs did not yield many results. The effect of primary or higher
education on GMs deserves more investigation as it was marginally significant in some of the
models. Fertilizer was found to have a significant effect on the GM of onion in one of the
models. While it may have an increasing effect on the GM, more investigation here is
recommended as the model fit was insufficient and because fertilizer was found to be obsolete
in other studies investigating rehabilitated DVs. Further research regarding drivers of GMs is
recommended, in conjunction with further studies determining soil quality and water
availability and their development over time across the rehabilitated DVs. Apart from that,
determinants of productive output as well as factors influencing the sold share of crops

produced may offer interesting research fields.

Regarding the investigated drivers of cereal cultivation, it was found that subsistence
agriculture and dual use are associated with a significant and large increase of the predicted
probability that cereals are produced. Better storage facilities were associated with an increase
of this probability as well while the coefficient of willingness to take risk has a significant
decreasing effect. The coefficient of perceived better access to inputs was reported with a
significant negative effect as well, while loan usage was reported with a significant positive
effect, a result which deserves more research as well. As cereals such as maize and sorghum
are the most important products for (agro-) pastoralists in that area, this analysis provides an
entry point to an understanding of the circumstances leading to those crop choices. While an
exploratory regression was modelled already to predict the possibility of vegetable cultivation,
further studies may explore the drivers of vegetable and legume cultivation thoroughly to gain
insights into which preconditions have to be met to successfully diversify production in

direction of those crops.
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Appendix I: Figures

Figure 1: Illustration of a water-spreading weir

Remark: Figure 1 shows an illustration of a WSW. The flood originating in the highlands is flowing into lower
laying areas where it meets the first WSW of the cascade. The velocity of the floodwater is decreased,
while the majority of the excess water is channelled through the central spillway in direction of the next
WSW. Abutments flanking the spillway and wing walls stretching over the whole riverbed spread the
water into the surroundings of the structure.

Source: Adapted from GI1Z (2021).
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Table A.1:  Criteria used to evaluate potential for Dry Valley rehabilitation
Category Criteria
Environmental & Dry valley rivers receiving annually seasonal floods from the highlands
landscape
Dry valley degraded by erosion
Dry valley has a valley base of at least 250m with the potential to spread water
Riverbed maximum 4 meters below valley floor
Soil in the dry valley suitable for crop production
Community A community living in proximity of the selected dry valley (within 3 km)
Dry valley does not cross administrative boundaries
Avrea not affected by conflict
Access Dry Valley reachable by car

Stone present within 3 km

Sand present within 3 km

Proximity to a market town within 5-10 km

Stakeholder

Woreda has an active PSNP team or willingness to create a DVRPU team

Woreda has sufficient capacity to create a budget and administrate funds

Woreda is committed to support the community technically and financially for
more than 5 years

No existing or planned NRM Projects decreasing the potential of DVRPU
upstream

Remark: The table shows a listing of the requirement criteria used by GIZ to evaluate whether a particular DV
features the necessary preconditions to be able to realize the full potential the DVRPU Approach offers.
PSNP refers to the Ethiopian governmental initiative Productive Safety Net Programme providing food
and cash to households facing food-insecurity (ACAPS, 2017). The listed criteria have to be met before
implementation starts. Further selection criteria in the frame of step (1) and (2) such as slope, soil,
hydrology and land tenure (G1Z, 2023c) are assessed as well. Those criteria are relevant with regard to
the selection of covariates for regression models investigating for instance yield or GMs. Potential
covariates for various regression models are displayed in tables A.2 to A.7. Covariates such as water
availability, slope, soil quality, infrastructure, proximity to town and market as well as distance to
farmland are influencing the allocation of the treatment, that is, the implementation of the DVRPU
Approach, and may be selected for regression models only with caution.

Source: GlZ, 2023c

Table A.2:  Potential socio-economic covariates for regression models
Covariate Mentioned Significant Not Reflected in | Included in | Expected
as in significant survey regression sign of
influencing regression in models coefficient
factor / regression
included due
to logical
conclusions
drawn
Sex/gender (ODOEMENEM | (MUSSAET (KASONGA, No
household & INAKWU, AL., 2012; 2018; particular
head 2011) XABA & MERSHA ET direction
MASUKU, AL., 2017; expected
2013; YASIN, | MUSSAET " x
2020) AL., 2012;
SHUMET,
2011;
WOLLIE ET
AL., 2018;
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XABA &
MASUKU,
2013;
YASIN,
2020)
Age (KEBA & (MUSSAET (KASONGA,
MILKIAS, AL., 2012; 2018;
2020) SHUMET, MUSSAET
2011; AL., 2012; -
SUMAKA, XABA &
2017; YASIN, | MASUKU,
2020) 2013)
Marital status (KASONGA,
) i 2018) i
Education (KEBA & (GEBRIE, (KASONGA, positive
household MILKIAS, 2018; 2018;
head 2020) MERSHA ET NKADIMENG
AL., 2017; ETAL.,2021;
SHUMET, SUMAKA,
2011; 2017,
WOLLIEET YASIN,
AL., 2018; 2020)
XABA &
MASUKU,
2013; YASIN,
2020)
Literacy (SHUMET, positive
family - 2011) -
members
Dependency (SHUMET, (XABA &
(economically 2011) MASUKU,
inactive - 2013) -
family
members)
Family size/ (ODOEMENEM | (MERSHAET | (MUSSAET Could be
household & INAKWU, AL., 2017; AL., 2012; positive or
size 2011) MUSSAET SUMAKA, negative
AL., 2012; 2017)
SHUMET,
2011; YASIN,
2020)
Expenditure (WoLLIEET | (WOLLIEET
) AL., 2018) AL., 2018) )
Gross income (KASONGA,
) 2018) i i
Experience (WOLLIEET | (KASONGA, positive
AL., 2018; 2018;
YASIN, 2020) | NKADIMENG
ET AL., 2021;
SAMUEL &
IDRIS, 2021;
- WOLLIEET
AL., 2018;
XABA &
MASUKU,
2013;
YASIN,
2020)
Distance to (SAMUEL & | (WOLLIEET
farmland/ ) IDRIS, 2021; | AL., 2018) i
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distance to WOLLIEET
home AL., 2018)
Distance to (KEBA & GPS
all weather MILKIAS, coordinates
roads 2020) of
- - households - -
and of main
road were
collected
Infrastructure/ | (Diomo See above
proximity to CHOUMBOU - - - -
town ET AL., 2015)
Distance to (NKADIMENG | (XABA &
market ETAL.,2021; | MASUKU,
WOLLIE ET 2013)
- AL., 2018; X - -
XABA &
MASUKU,
2013)
Access to (Dsomo (MUSSAET Included as positive
market CHoOUMBOU AL., 2012) perceived
ET AL., 2015; i market X
ODOEMENEM access
& INAKWU,
2011)
Seasonal (GEBRIE,
migration ) i 2018) i i i

Remark: The table shows socio-economic factors potentially influencing GMs or yields which were compiled in
the frame of a brief literature search before finalizing questionnaire and hypotheses. The factors were
either mentioned in literature, added due to conclusions drawn or directly used in regression models
created for various studies. The factors and sources provided here are non-exhaustive. As the literature
only covering drivers of GMs is scarce, also models investigating other key indicators such as output,
economic, technical or allocative efficiency were included in the table. The table shows whether factors
were mentioned only as influencing factor or whether they were significant or not significant when
included a regression equation, whether they were included in the survey created for the present research,
whether they were included in the final regression model investigating GMs and the expected sign before
running the model. In case the same source appears both columns regarding (non-) significance, studies

comprised more than one regression model.
Source: Literature reviewed before creation of the survey questionnaire.

Table A.3:  Potential environmental covariates for regression models
Covariate Mentioned Significant | Not Reflected Included in | Expected
as in significant | in survey regression | sign of
influencing regression | in models coefficient
factor / regression
included due
to logical
conclusions
drawn
Invasive species | (GlZ, 2023c) - - - - -
Rainfall (GRORE-
RUSCHKAMP, - - - - -
2015)
Water (EAST Included as | Included as | positive
availability AFRICA perceived perceived
ENGINEERING i i water water
AND availability | availability
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GENERAL
CONSULTANT,
2018; GlzZ,
2023B;
WOLLIE ET
AL., 2018)

Pest/disease

(ALIYIET AL.,
2021; DjomoO
CHOUMBOU
ET AL., 2015;
GRORE-
RUSCHKAMP,
2015;
ODOEMENEM
& INAKWU,
2011;
WOLLIE ET
AL., 2018)

Land fertility

(KEBA &
MILKIAS,
2020;
WOLLIEET
AL., 2018)

(SHUMET,
2011;
WOLLIE ET
AL., 2018)

(WOLLIEET
AL., 2018)

Slope

(GIZ, 2023¢)

Temperature

Included due
to logic

Natural disasters

Included due
to logic

Soil type

(GIZ, 2023c)

Remark: The table shows environmental factors. The remark added to table A.2 provides further information.
Source: Literature reviewed before creation of the survey questionnaire.

Table A.4:  Potential institutional and financial covariates for regression models
Covariate Mentioned Significant | Not Reflected Included in | Expected
as in significant in survey regression | sign of
influencing | regression | in models coefficient
factor / regression
included
due to
logical
conclusions
drawn
Knowledge about | (KEBA &
land policy MILKIAS, - - - - -
2020)
Land tenure (Diomo (GEBRIE,
CHouMBOU 2018)
ET AL., 2015;
ODOEMENEM i i i i
& INAKWU,
2011)
Access to credit (Diomo (GEBRIE, (MERSHAET | Included as positive
service CHoumBoOU | 2018; AL., 2017, loan usage
ET AL., 2015; | SHUMET, MUSSAET X
KEBA & 2011; XABA | AL., 2012;
MILKIAS, & MASUKU, | WOLLIEET
2020; 2013;
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ODOEMENEM | YASIN, AL., 2018;
& INAKWU, 2020) YASIN, 2020)
2011)
Amount of credit (SAMUEL &
i IDRIS, 2021) i i i
Amount of (SAMUEL &
savings i IDRIS, 2021) i i i
Amount of (SAMUEL &
investment i IDRIS, 2021) i i i
Access to market | (ALIYIET (MERSHA (XABA &
information AL., 2021) ETAL., MASUKU, - -
2017) 2013)
Access to (Diomo (GEBRIE, (KASONGA, Included as
extension CHoumBOU | 2018; 2018; question
service/ ETAL.,2015; | WOLLIEET | MERSHAET | about
agricultural GRORE- AL., 2018; AL., 2017 agricultural
training/ RUSCHKAMP, | YASIN, NKADIMENG | advice -
frequency of 2015; KEBA | 2020) ETAL.,2021;
extension service | & MILKIAS, XABA &
contact 2020) MASUKU,
2013)
Member to (MUSSAET | (SHUMET,
association i AL.,2012) | 2011) i i
Marketing (XABA & (NKADIMENG
agency member - MASUKU, ET AL., 2021) - -
2013)
Member to i i (KASONGA, X i
cooperative 2018)
Transport (ALIYIET
AL., 2021;
ODOEMENEM - - X -
& INAKWU,
2011)

Remark: The table shows institutional and financial factors. The remark added to table
information.

Source: Literature reviewed before creation of the survey questionnaire.

A.2 provides further
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Table A.5:  Potential covariates related to agricultural practices for regression models
Covariate Mentioned Significant Not Reflected | Included Expected
as in regression | significant in | in survey in sign of
influencing regression regression | coefficient
factor / models
included
due to
logical
conclusions
drawn
Fulltime/parttime (SUMAKA, (SUMAKA,
i 2017) 2017) i i j
Off-farm (KEBA & (MUSSAET Agriculture | positive
activities MILKIAS, AL., 2012; as the most
2020) SHUMET, i x important
2011; income
WOLLIE ET source
AL., 2018)
Participation soil | (KEBA &
and water MILKIAS, - - - - -
conservation 2020)
Record keeping (GEBRIE,
) i 2018) i i i
Poor storage (ALIYIET Included as
AL., 2021; perceived
Diomo storage
CHouMBOU
ET AL., 2015; ) ) ) )
ODOEMENEM
& INAKWU,
2011)
Number of plots (WOLLIEET
) AL., 2018) i i i i
Livestock owned | (KEBA & (MERSHAET | (GEBRIE,
MILKIAS, AL., 2017; 2018) X i i
2020) WOLLIEET
AL., 2018)
Crop (KEBA & (SHUMET,
diversification MILKIAS, 2011) - - - -
2020)
Crop rotation (WOLLIEET
) i AL., 2018) i i i
Share cropping (KEBA & (SHUMET,
MILKIAS, 2011) - - - -
2020)
Access to (MERSHA ET
irrigation AL., 2017;
) ) SHUMET, ) ) )
2011)
Improved variety | (WOLLIEET | (ODOEMENEM | (KASONGA,
AL., 2018) & INAKWU, 2018) - - -
2011)
Row sowing (GEBRIE,
) 2018) i i i i
Frequency of (GEBRIE,
plowing ) 2018) i i i i
Machinery used (MERSHAET i i " i i

AL., 2017)
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Rented or family | (Diomo (KASONGA,

labour CHoumBoOU 2018)
ET AL., 2015;
ODOEMENEM i i
& INAKWU,
2011)

Fertilizer use (as | (Diomo (KASONGA, (ODOEMENEM

dummy) CHoumBOU | 2018) & INAKWU, positive
ET AL., 2015) 2011)

Pesticide (Diomo

application (as CHoumBOU

dummy) ET AL., 2015; .
ODOEMENEM i i positive
& INAKWU,
2011)

Remark: The table shows factors related to agricultural practice. The remark added to table A.2 provides further

information.

Source: Literature reviewed before creation of the survey questionnaire.
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Table A.6:  Variables directly related to calculation and used in regression models

Covariate Significant in Not significant in Reflected in survey
regression regression

Livestock size (MUSSAET AL., 2012;
NKADIMENG ET AL., - -
2021; SHUMET, 2011)

Produced quantity (MERSHAET AL., 2017; | (KASONGA, 2018) X
SUMAKA, 2017)

Damaged part of yield (Diomo CHOUMBOU ET
AL., 2015) i i

Sales (SAMUEL & IDRIS,

- 2021) X

Prices (XABA & MASUKU, i X
2013)

Total input cost (KASONGA, 2018; i X
MERSHA ET AL., 2017)

Cost of agrochemicals (SAMUEL & IDRIS, i «
2021)

Cost of hiring machinery (SAMUEL & IDRIS, i x
2021)

Cost of hired labour (SAMUEL & IDRIS, i «
2021)

Pesticide cost i (ODOEMENEM & «

INAKWU, 2011)

Fertilizer quantity (SUMAKA, 2017; XABA i x
& MASUKU, 2013)

Pesticide quantity (SUMAKA, 2017)

Land size per crop (MERSHAET AL., 2017;
XABA & MASUKU, - X
2013)

Farm size (KASONGA, 2018; (ODOEMENEM &
NKADIMENG ET AL., INAKWU, 2011,
2021; SAMUEL & IDRIS, | SHUMET, 2011) X
2021; SUMAKA, 2017
YASIN, 2020)

Farm size square (SHUMET, 2011) - -

Remark: The table shows factors related to GMs having been directly used in regression models created to
investigate GMs or output. The table shows whether factors were significant or not significant and
whether they were included in the survey for the present research. Those factors were not included in the
regression models investigating GMs having been formulated in this research as they are expected to
influence the GM anyways because they are used for its calculation. The remark added to table A.2
provides further information.

Source: Literature reviewed before creation of the survey questionnaire.
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Table A.7:  Covariates potentially influencing sold share

Covariate Significant in Not significant in Reflected in survey

regression regression
Sex/gender - (MELESSE, 2016) X
Age - (MELESSE, 2016) -
Education (AHMED ET AL., 2016) - X
Family size i (AHMED ET AL., 2016; X

MELESSE, 2016)
Farming experience - (AHMED ET AL., 2016) X
Distance to market (AHMED ET AL., 2016;
i MELESSE, 2016) X

Access to market information (AHMED ET AL., 2016;

MELESSE, 2016) i i
Extension contact ) (AHMED ET AL., 2016; X

MELESSE, 2016)

Non/off farm income (AHMED ET AL., 2016; i x

MELESSE, 2016)
Number of plots (MELESSE, 2016) - -
Access to irrigation (MELESSE, 2016) - -
Access to improved seed (MELESSE, 2016) - -
Fertilizer application - (AHMED ET AL., 2016) X
Livestock owned (AHMED ET AL., 2016) - X
Livestock size - (MELESSE, 2016) -
Total value of produce (AHMED ET AL., 2016) (MELESSE, 2016) X
Landholding (ha) - (MELESSE, 2016) X
Land size per crop - (AHMED ET AL., 2016) X
Market price (AHMED ET AL., 2016) Limited data

collected in the
frame of additional
data collected in the
market

Remark: The table shows covariates having been used in regression models investigating the share of the produce
participants sold. The table shows whether the factors were significant or not and whether related data
were collected in the present research. This may be used for future investigations. The remark added to
table A.2 provides further information.

Source: Literature reviewed before creation of the survey questionnaire.

Table A.8:

Base for selection of crops included in the survey

Group

Crop

Literature

Cereals

Maize

(CSA, 2021B; CuLLls, 2022; EAST AFRICA ENGINEERING AND GENERAL
CONSULTANT, 2018; FIELD TRIP, 2023; FSIABD CONSULT, 2021; GEBREMEDHIN
ET AL., 2017; HAMLE, 2011; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018;
MOHAMMED RESHID CONSULTANCY, 2018; SORPARI, 2023; WALDSCHMIDT ET
AL., 2020; WORLD BANK & UNITED KINGDOM’S DEPARTMENT FOR
INTERNATIONAL DEVELOPMENT, 2019)

Sorghum

(CSA, 2021B; CuLLls, 2022; EAST AFRICA ENGINEERING AND GENERAL
CONSULTANT, 2018; FIELD TRIP, 2023; FSIABD CONSULT, 2021; GEBREMEDHIN
ET AL., 2017; HAMLE, 2011; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018;
MoOHAMMED RESHID CONSULTANCY, 2018; SORPARI, 2023; WALDSCHMIDT ET
AL., 2020; WORLD BANK & UNITED KINGDOM’S DEPARTMENT FOR
INTERNATIONAL DEVELOPMENT, 2019)

Wheat

(CSA, 20218B; EAST AFRICA ENGINEERING AND GENERAL CONSULTANT, 2018;
HAMLE, 2011; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018; SORPARI,
2023; WALDSCHMIDT ET AL., 2020; WORLD BANK & UNITED KINGDOM’S
DEPARTMENT FOR INTERNATIONAL DEVELOPMENT, 2019)
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Barley (CSA, 2021B; HAMLE, 2011; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018;
SORPARI, 2023; WALDSCHMIDT ET AL., 2020)
Teff (CSA, 2021B)
Rice (HAMLE, 2011)
Oats (SORPARI, 2023)
Millet (SORPARI, 2023)
Vegetables | Onion (CSA, 2021B; CuLLls, 2022; EAST AFRICA ENGINEERING AND GENERAL
CONSULTANT, 2018; FIELD TRIP, 2023; FSIABD CONSULT, 2021; HEDBEZ
BUSINESS & CONSULTANCY PLC, 2018; MOHAMMED RESHID CONSULTANCY,
2018; SORPARI, 2023; YASIN, 2020)
Tomato (CSA, 2021B; CuLLls, 2022; EAST AFRICA ENGINEERING AND GENERAL
CONSULTANT, 2018; FIELD TRIP, 2023; HEDBEZ BUSINESS & CONSULTANCY
PLC, 2018; SORPARI, 2023)
Garlic (FIELD TRIP, 2023; GIZ, 2024B)
Carrot (CuLLls, 2022; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018)
Potato (HEDBEZ BUSINESS & CONSULTANCY PLC, 2018)
Beetroot (FIELD TRIP, 2023; HEDBEZ BUSINESS & CONSULTANCY PLC, 2018)
Cabbage (HEDBEZ BUSINESS & CONSULTANCY PLC, 2018; SORPARI, 2023)
Watermelon (HEDBEZ BUSINESS & CONSULTANCY PLC, 2018; SORPARI, 2023)
Pepper (HEDBEZ BUSINESS & CONSULTANCY PLC, 2018; SORPARI, 2023)
Pumpkin (FIELD TRIP, 2023)
Fruits Orange (CNFA EUROPE, 2018)
Banana (CNFA EUROPE, 2018)
Avocado (CNFA EUROPE, 2018)
Pulses Chickpea (CSA, 2021B; FIELD TRIP, 2023; HAMLE, 2011; SORPARI, 2023)
Beans (CSA, 2021B; EAST AFRICA ENGINEERING AND GENERAL CONSULTANT, 2018;
(different FSIABD CONSULT, 2021; HAMLE, 2011; SORPARI, 2023)
types)
Peas (CSA, 2021B; SORPARI, 2023)
(different
types)
Oilseeds Sesame (EAST AFRICA ENGINEERING AND GENERAL CONSULTANT, 2018; HAMLE, 2011;
HEDBEZ BUSINESS & CONSULTANCY PLC, 2018; MOHAMMED RESHID
CONSULTANCY, 2018)
Groundnuts (CSA, 2021B; HAMLE, 2011; SORPARI, 2023)
Wwild (FIELD TRIP, 2023)
sunflower
Forage Sudan grass (CuLLis, 2022; EAST AFRICA ENGINEERING AND GENERAL CONSULTANT, 2018;
FIELD TRIP, 2023)
Elephant (AMIN, 2018)
grass
Other Greenleaves (FIELD TRIP, 2023)

Khat

(FIELD TRIP, 2023; GEBREMEDHIN ET AL., 2017; HEDBEZ BUSINESS &
CONSULTANCY PLC, 2018)

Apiculture

(EAST AFRICA ENGINEERING AND GENERAL CONSULTANT, 2018; ESS, 2022;
FIELD TRIP, 2023; FSIABD CONSULT, 2021; GlIZ, 2023A)

Remark: The table shows which crops are produced in general in Somali region according to the field trip to Somali
region in July 2023 and according to the research investigated within a brief literature review before
compiling questionnaire and hypotheses.

Source: Literature reviewed before creation of the survey questionnaire.

Table A.9:

Simplified overview over survey questions (shortened)

Question or request (titles of different sections in bold)

1. Please enter participant code.

2. Consent form signed?
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3. Enter the name of the Dry Valley:

4. Please enter the participant’s gender.

5. Any frenchie present?

6. Save participant's household location.

7. How many people live in your family including yourself?

8. How many households are those?

9. How many of your family members are male?

10. How many of your family members are older than 18?

11. Of these adults, how many are able to read and write?

12. Of these literate adults, what is the highest grade a household member achieved in school?
13. Questions on Income Sources and Land-use

14. What are your family's sources of livelihood?

15. Please specify your family's other source of livelihood.

16. Please rate the chosen options according to their importance for your family's livelihood.
17. Importance of agriculture

18. Importance of livestock

19. Importance of non-farm income

20. Importance of bee-keeping

21. Importance of other source of income

22. Which type of non-farm income does your family have?

23. Please specify the non-farm income your family generates.

24. How many years have you been practicing agriculture?

25. Did you engage in agricultural activities before the construction of water-spreading weirs?
26. Which crops did you produce BEFORE the construction of water-spreading weirs?
217. Please specify which crop you produced before.

28. For how many Qodi of land are you and your family directly responsible?
29. Of this, how many Qodi do you use for agriculture?

30. Now, please think about the last Gu'u season.

31. Which crops did you produce in the last Gu'u season?

32. Please specify the other crop you produced in Gu'u.

33. Questions regarding obtained gross margins of crops produced in Gu'u
34. Enter crop type selected by participant.

35. On how many Qoadi did you cultivate this crop?

36. How many bags of this crop did you produce in the last Gu'u season?

37. Of the bags produced, how many bags did you give to charity?

38. Of the bags produced, how many did you save to have seeds for the following season?
39. How many bags did you sell?

40. To whom or where did you sell it?

41, Please specify to whom you sold it.

42. For how much birr per bag did you sell it?

43. How many bundles of straw did you produce in the last Gu'u season?

44, How many bundles of the straw did you sell?

45, To whom did you sell it?

46. Please specify to whom you sold it.

47, For how much birr per bundle did you sell it?

48. How was the land of this plot prepared in the in the last Gu'u season?

49. Is the oxen your own?

50. What is the rental cost per hour in birr?

51. Is the tractor your own?

52. What is the rental cost per hour in birr?

53. How many labour hours did the land preparation take for this crop?

54. How many people were involved?

55. Where did you obtain the seeds for this crop for the in the last Gu'u season?
56. Please specify where you obtained your seeds.

57. What was the cost per bag you bought in birr?

58. How many bought bags did you use for this crop?

59. What was the cost per bag supplied by the NGO in birr?

60. How many bags supplied by the NGO did you use for this crop?
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61. What was the cost per bag supplied by the government in birr?

62. How many bags supplied by the government did you use for this crop?

63. How many labour hours did sowing take for this crop?

64. How many people were involved?

65. Did you use fertilizer for this crop in the in the last Gu'u season?

66. What type of fertilizer did you use?

67. Please specify the kind of fertilizer you used.

68. Did you spray the fertilizer on your own?

69. How many hours did you hire the person for spraying fertilizer?

70. What did you pay that person per hour in birr?

71. How many units of fertilizer did you use for this crop?

72. Fertilizer unit:

73. Please specify the unit.

74. Number of units:

75. What was the cost per unit in birr?

76. How many labour hours did it take to apply the fertilizer for this crop?

77. How many people were involved?

78. Was there any pest or disease in the in the last Gu'u season?

79. | Which?

80. Please specify which pest or disease occurred.

81. What did you do against pests and diseases for this crop?

82. Please specify what you used against pests and diseases.

83. Did you spray the chemicals on your own?

84. How many hours did you hire the person spraying?

85. What did you pay that person in birr per hour?

86. How many labour hours did it take in total to apply the measures against pests and diseases for this
crop?

87. How many people were involved?

88. How many units did you use?

89. What was the cost per unit in birr?

90. Did you use a tractor for harvesting?

91. How much did you pay for the tractor per bag of harvested crop?

92. How many more people apart from the tractor driver were involved?

93. How many labour hours did the harvest of this crop take in the in the last Gu'u season?

94. How many people were involved?

95. Further general questions

96. Please think about the market.

97. How often did you or a family member go to the market in the last Gu'u season and the previous Jilal
season to sell crops or buy inputs?

98. How many hours does it take you to go there each time?

99. Which means of transportation do you use?

100. | Please specify which transport means you use.

101. | How high is the cost for fuel in birr each time?

102. | How high is the cost for rent each time?

103. | What did you pay for the bajaj each time?

104. | Which challenges do you face to reach the next market?

105. | Please specify the challenge you face in reaching the market.

106. | How accessible is the next market for you?

107. | Now, please think about the demand for your crops.

108. | Maize: Please describe the demand for it.

109. | Please think about the prices you (could) obtain for your crop in the market

110. | Are prices fluctuating or stable?

111. | Maize: Are prices fluctuating or stable?

112. | Are prices low or high?

113. | Maize: Are prices low or high?

114. | Please think about the storage of your crop.

115. | Maize: Is the storage of your harvested crop difficult or easy?

116. | Please think about the financial access you have to your inputs.
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117. | How financially accessible are the inputs you need for your crops for you?

118. | Maize: Financial accessibility of inputs:

119. | Please think about the physical access you have to your inputs.

120. | How physically accessible are the inputs you need for your crops for you?

121. | Maize: Physical accessibility of inputs:

122. | Please think whether you would like to use more inputs for your crops?

123. | Maize: Would you like to use more inputs?

124. | Which ones would you like to use?

125. | Please specify the inputs you would like to you use.

126. | Please think about the reasons for your crop choice.

127. | Maize: Why did you choose to cultivate this crop?

128. | Please specify the reasons for which you choose the crop.

129. | Would you like to try other crops?

130. | What do you need to be able to do that?

131. | Please specify what you need to try out other crops.

132. | How long is water available on your land?

133. | Did you take out loans to finance crop production?

134. | How did you access them?

135. | Please specify how you accessed your loans.

136. | Do you receive advice on agriculture/crop production?

137. | Who advises you on agriculture?

138. | Please specify who advises you.

139. | Is your family a member in a cooperative/association?

140. | Questions about economic preferences

141. | I now ask for your willingness to act in a certain way. Please indicate your answer on a scale from 0 to

10, where 0 means you are ‘completely unwilling to do so” and a 10 means you are ‘very willing to do

s0’. You can also use any numbers between 0 and 10 to indicate where you fall on the scale, like 0, 1,

2,3,4,56,7,8,9,10.

142. | How willing are you to take risks, in general?

143. | How willing are you to give up something that is beneficial for you today in order to benefit more

from that in the future?

144. | How well does the following statement describe you as a person? Please indicate your answer again

on a scale from 0 to 10. A 0 means ‘does not describe me at all’ and a 10 means ‘describes me

perfectly’. You can also use any numbers between 0 and 10 to indicate where you fall on the scale,

like0,1,2,3,4,5,6,7,8,9, 10.

145. | | assume that people have only the best intentions

146. | Did you already save the participant's household location?
147. | Save participant's household location.

148. | Additional comments regarding the interview.

Remark: The table shows a simplified, shortened version of the questionnaire used for data collection. Part 34. to
94. was repeated for each season and as well for each crop selected as having been grown by the
participant in the respective season. Part 108. to 128. was repeated only per crop, not per season. Lots of
questions are conditional and were only posed depending on an answer given before.

Source: Created based on literature reviewed, information obtained during the field trip in July 2023 and the pilot
phase before data collection in November 2023.
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Table A.10: Bag sizes & obtained mean bag prices
Crop Bag size in kilogram Mean bag price in birr
Maize 50 1233
Sorghum 50 2167
Onion 50 1878
Wheat 50 2500
Khat 0.25 3000
Chickpea 50 2814
Barley 50 2714
Tomato 12 300
Carrot 50 2000
Beetroot 50 -
Sudan grass - -

Remark: Bag sizes were obtained through occasionally posted questions to survey participants as well as additional

data collected in the market of Jigjiga. Khat is sold in the local unit Michin which corresponds to 0.25
kilogram. Tomatoes are sold in various bag sizes; the tomato grower participating in the present research
sold the indicated bag size of 12 kilogram. Bag prices were obtained using the average of prices indicated
by survey participants who actually sold their crops. If survey participants sold parts of their produce for
differing prices, the mean was taken. The values for maize and sorghum are based on three observations
each. The onion bag price was calculated using 21 observations while the values for wheat, tomato and
carrot originate from one observation each. The Khat price is based on two observations. Chickpea and
barley were not sold. For those two, market prices were used instead to proxy farmgate prices. For
chickpea, only one price equalling 3000 birr was obtained in the market. Subsequently, the average
margin (excluding one outlier of 1100 birr) reported to be kept by vendors of grains such as maize,
sorghum and wheat corresponding to 186 birr was calculated and deducted from the chickpea price to
proxy a farmgate price. The same procedure was done for barley for which a market price of 2900 was
collected.

Source: Own calculations based on collected data.
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Table A.11: Social parameters of participants

Variable Amadle Harre
Frequency | Percentage | Mean | Frequency | Percentage | Mean
Gender Male 19 90.48 21 91.3 -
Female 2 9.52 2 8.7 -
Family size 0-5 3 14.29 5 21.74 -
6-10 13 61.90 12 52.17 -
11-15 4 19.05 5 21.74 -
15+ 1 4.76 1 4.35 -
Total 21 100 8.62 23 100 8.52
Male members - - - 4.26 - - 4.1
Adult members | - - - 5.33 - - 3.65
Literate adult - - - 2.48 - - 0.82
members
Family’s highest | llliterate/no | 3 14.29 15 65.22 -
grade grade
completed
1-4 8 38.10 1 4.35 -
5-8 5 23.81 4 17.39 -
9-12 3 14.29 1 4.35 -
College+ 2 9.52 1 4.35 -
Refuse to - - 1 4.35 -
answer

Remark: The table shows frequencies and percentages and means where applicable related to social parameters of

participants, displayed for Harre and Amadle separately.

Source: Own calculations based on collected data.

Table A.12: Prevalence of cultivated crops
Crop Number cultivating Percentage Mean cultivated land in Qodi (hectares)
Maize 39 88.64 13.63 (3.41)
Sorghum 33 75 7.44 (1.86)
Onion 27 61.36 5.74 (1.44)
Wheat 4 0.09 10 (2.5)
Khat 3 0.07 6.33 (1.58)
Chickpea 2 0.05 4(1)
Barley 1 0.02 5(1.25
Tomato 1 0.02 1(0.25)
Carrot 1 0.02 1(0.25)
Beetroot 1 0.02 3(0.75)
Sudan grass 1 0.02 1(0.25)

Remark: The table shows the number cultivating the various crops, the percentage and the average crop land size.
Source: Own calculations based on collected data.
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Table A.13: Farmgate price information for onion in birr
Crop Mean Mean Mean Mean St.dev. | Minimum | Maximum | Median
market | intermediary | wholesaler | total
Onion | 2159 1952 1917 1878 1216 500 5000 1700

Remark: The table shows additional information regarding the onion prices obtained by survey participants. The
mean price obtained in the market is calculated with nine observations, the intermediary price is based on
14 observations and the wholesaler price is the average of three observations. The mean total considers
all 21 participants selling onion. Standard deviation, minimum, maximum and median take into account
all 21 observations as well.
Source: Own calculations based on collected data.

Table A.14: Desired inputs for crops produced in absolute numbers & percentages

Crop Machinery | Seeds Water Fertilizer | Labour Chemicals Other
Maize 29 (74.36) | 22(56.41) | 14(35.90) | 9(23.08) | 2(5.13) 2 (5.13) 3(7.69)
Sorghum 25 (75.76) | 18(54.55) | 10(30.30) | 4(12.12) | 2(6.06) - 1(3.03)
Onion 17 (62.96) | 17(62.96) | 11 (40.74) | 3(11.11) | 1(3.70) - -
Wheat 3 (75) 1(25) 2 (50) - - - -

Khat 2 (66.67) 1(33.33) | 1(3333) |1(3333) |1(3333 |- -
Chickpea 2 (100) - 1 (50) - 1 (50) - -
Tomato 1 (100) - - - - - -
Carrot - 1 (100) 1 (100) - - - -
Barley 1 (100) - - - - - -

Sudan grass | - - - - - - -
Beetroot - 1 (100) 1 (100) - - - -

Remark: The table shows the number of participants mentioning a desire for inputs such as machinery, seeds,
water, fertilizer, labour, chemicals or other in absolute numbers and percentage shares relative to the total
number of participants producing the respective crop in parentheses. Chemicals summarize pesticides,
fungicides, insecticides and herbicides. For maize, other included once (2.56 per cent) a motorbike to buy
inputs and twice (5.13 per cent) an increase in the number of WSW. For sorghum, other referred to
financial support.

Source: Own calculations based on collected data.
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Table A.15: Seed origin in absolute numbers & percentages & seed price in birr

Crop

Saved Family NGO Government | Bought Mean price

Carrot

Sorghum 11(33.33) | - - - 22 (66.67) 3,020

- - - 1 (100) 3,000

Beetroot

1 (100) 3,000

Maize

Onion

11(29.21) | 1(2.56) - 2 (5.13) 27 (69.23) 2,976
- - 27 (100) 2,372

Wheat

- 5 - 269 2 (50) 1,750

Tomato - - - - 1 (100) 800

Chickpea - - - - 2 (100) 100

Sudan grass

- - 1 (100) 50

Khat

Barley

1 (33.33) 2 (66.67) - : - ;
1 (100) -

Remark:

Source:

The table shows the number of participants obtaining their seeds from the last season (saved), their family,
an NGO, the government or from the market (bought). The percentage share relative to the total number
of participants producing the respective crop are shown in parentheses. Percentages do not necessarily
add up as for the corresponding question multiple selections were possible. In addition, the mean price
per unit in birr is shown for those cases when seeds were bought. Although the unit size of the seed bags
was not obtained, it is visible from the data that maize and sorghum seeds were sold in two different sizes,
one being very small bags of which a high number is used for sowing and a larger size of which not many
are used (e.g. a seed unit price may be 50 birr and 30 of them are used or it may be 2500 birr and only
one bag is used). Due to this, for the calculation of the maize and sorghum seed bag prices, six,
respectively seven cases were excluded, leaving 21 and 15 observations for maize and sorghum. If
included, mean prices change to 2,327 birr for maize and 2,078 birr for sorghum seed bags. For wheat,
the same was observed, thus, one observation was excluded. When included, the mean price changes to
925 birr.

Own calculations based on collected data.
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Table A.16:

132

Model results — drivers of vegetable cultivation

Dependent variable:

Vegetable cultivation as predicted by formula (A.1) to (A.7)

(A1) (A2) (A.3) (A.4) (A.5) (A.6) (A7)
Subsistence agriculture 0.62" 047" 057 0367
(0.09) (0.09) (0.10) (0.10)
Dual use of cro -0.62"" -0.32"" -0.20" -0.22™
P (0.07) 010)  (0.11)  (0.12)
- . -0.01 0.06™
Willingness to take risk (0.02) 0.03 (0.02) (0.02) 0.04 (0.03)
Ease of storage -0.04™ -0.02 -0.04™ -0.03
g 002)  (0.02)  (002)  (0.02)
Female 0.17 (0.16) 0.18 (0.16)
Primary education or higher 0.11 (0.11) 0.04 (0.11)
. _ . -0.01
Agriculture=most important 0.13(0.13) (0.14)
Nr of literate family 0.03 (0.02) 0.03 (0.02)
members
Family size -0.0003 “0.01
(0.03) (0.03)
. -0.02 -0.002
Nr of male family members (0.02) (0.04)

. -0.03" -0.02
Perceived market access (0.02) (0.02)
Loan usage -0.22"  -0.25™

g 0.09)  (0.09)
Perceived demand for crop 0.01 (0.02)
Perceived stability of -0.01
market prices (0.01)

. . 0.05™
Perceived level of prices (0.02)
Perceived financial access -0.003
to inputs (0.02)
Eercelved physical access to 0.05 (0.03)
inputs

. A -0.001
Perceived water availability (0.02)
Add!tlppal income 0.16 (0.10)
possibility
Constant 0.70™ 0.70™ 0.37™ 0.43™ 0.62™" 0.56™ -0.15

(0.07) (0.06) (0.18) (0.07) (0.18) (0.24) (0.33)
Observations 71 114 114 114 71 71 71
Log Likelihood -33.90 -43.42 -75.61 -72.84 -32.53 -43.44 -53.76
Akaike Inf. Crit. 75.80 94.84 159.21 153.69 79.07 116.88 151.52
Bayesian Inf. Crit. 84.85 105.78 170.16 164.63 94.90 150.83 201.30

Note: This table shows mixed model estimates using the collected data in Somali region. The dependent variable
vegetable cultivation is binary and takes the value of 1 if a cereal is cultivated and 0 if not. Subsistence agriculture,
dual use of crop, female, primary education or higher, agriculture=most important, loans usage and additional
income possibility are binary variables. Additional income possibility takes the value 1 when additional income
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was mentioned as reason for crop choice and it takes the value 0 if this is not the case. Nr of literate family
members, family size, nr of male family members are discrete variables. The remaining variables were assessed
using an 11-point Likert scale ranging from 0 to 10. For willingness to take risk the scale ranges from
unwillingness to very willing. For ease of storage, perceived market access, perceived financial access to inputs
and perceived physical access to inputs it extends from very difficult to very easy. For perceived water availability
it ranges from very short to very long. For perceived demand for crop and perceived level of price it extends from
very low to very high. For perceived stability of market prices, it ranges from very fluctuating to very stable.
Standard errors are shown in parentheses. Significance indications: * p < 0.1, ** p < 0.05, *** p < 0.01.

Source: Own calculations based on collected data.
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