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Climate induced water security risks on agriculture are assessed in the Abbay
river basin by reviewing journal articles, book chapters and research reports.
The intent of the review is to understand the state of water security issues
in the agricultural sector in relation to climate variability and climate change,
existing agricultural water management practices and identification of gaps in
knowledge and practices that need to be addressed in the future. It is found
that the basin has huge potential of water resources but it is constrained by
high spatiotemporal climate variability which has resulted in very variable water
supply for agriculture. The challenge is aggravated by lack of effective and
locally relevant agricultural water management practices. The central part of
the basin in particular is characterized by very short rainy season and long dry
season and thus it is the main hotspot of water security risks to agriculture.
Climate change, growing demand for water due to increasing population, and
land degradation will exacerbate water security risks on agriculture. Research
and development efforts to addressing the challenges have generally been
limited in scope and spatial scale, so much remains to be done. This review
identifies major gaps that need to be investigated and understood in the future
to address water security issues on agriculture in the basin.
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Introduction

Water resource management has received renewed international policy attention
with the global agreement on Agenda 2030, or the sustainable development goals (SDGs).
A key factor for improving water resource management is improved understanding
of quantity and quality of water at different spatial scales of water management and
its variability with time (Loucks and van Beek, 2017). Water availability varies both
spatially and temporally largely because of the natural variability of climate that controls
hydrological regimes and the disruptive interference of human activities in the natural
functioning of water catchments as well as causing the global climate change. Climate
change is a global phenomenon, but its adverse effects are local specific, thus requiring
context specific adaptation planning. From the climate perspective, addressing water
security issues requires understanding of climate variability and climate change at
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different spatial and temporal scales and its multifaceted
implications on water resources, so as to identify locally
relevant solutions.

The Abbay river basin, which is the most important
source of water to the Nile river, is characterized by
large seasonal and inter-annual hydro-climatic variability
predominantly influenced by varying altitude and latitude
(BCEOM, 1998; Conway, 2000; Tekleab et al., 2014). Climate
change is causing additional stress on water availability
in the basin through increased evaporation losses as a
result of rising air temperatures and intense precipitation
in some parts leading to flash floods. In some other parts,
reduction in rainfall is leading to severe drought and low
flow conditions during dry seasons. On the other hand, the
demand for water for various uses is growing rapidly (Kim
et al, 2008; McCartney et al, 2012, 2013; Gelete et al,
2020).

Several studies have been conducted over years on climate
and water resources of the Nile river basin region in general
and the Abbay basin in particular (Conway, 2000, 2005; Osman
et al., 2000; NMA, 2001, 2007; Conway et al., 2004; Seleshi and
Zanke, 2004; Verdin et al., 2005; Bewket and Conway, 2007;
Cheung et al., 2008; Abtew et al., 2009; McSweeney et al., 2009;
ACCRA, 2012; Ayalew et al., 2012; Tesso et al., 2012; Viste et al.,
2012; Jury and Funk, 2013). There are also many researches
exploring water management issues and options in the context
of climate variability and climate change (Erkossa et al., 2009;
Wisser et al.,, 2010; McCartney et al.,, 2012; Temesgen et al,,
2012; Dile et al., 2016; Roth et al.,, 2018). These past studies
concur that the Abbay basin is characterized by extreme spatial
and temporal variability in climate and water resources and
that it is one of the most vulnerable basins to the negative
effects of climate change. Small scale agriculture is the single
largest land user and the most important economic activity and
livelihood source to the basin’s population. This shows the extent
of exposure of the basin to the adverse impacts of hydro climatic
variability and that climate change constitutes a major risk to
water security. Whilst valuable data and insights have been
generated by past studies, gaps still exist in fully understanding
water resource variability and effective strategies for integrated
water resource management at different spatial and temporal
scales in the basin. This is particularly important given the
rapid socioeconomic, environmental and climate changes in
the basin.

The objective of this paper is, therefore, to review
climate induced water security risks on agriculture in
the Abbay basin focusing on assessing the impact of
climate and

climate variability and change on water

agriculture, research and development interventions

in response to the impact and identification of gaps
in knowledge and practice that need to be addressed
research endeavors  in

in future and development

the basin.
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Methodology

PRISMA (Preferred Reporting Items for Systematic Review
and Meta-analysis statement) (Moher et al., 2009) is used as an
approach to systematically review and synthesis of this review
paper. A synthesis of climate induced water security risks on
agriculture in the Abbay Basin has been valid explanatory topic
for this review. A search strategy is developed to identify relevant
literature. This search strategy was tailored to three databases:
Web of sciences, Scopus, Google and Google scholar, and the
search terms used were the following: climate risk, agriculture,
water security, and agricultural water management. All searches
included journal articles, research report, proceedings, books
and book chapters. The selection criteria were based on the
PRISMA checklist 2009. The search mainly focused on the
mapping existing literature on the water security for agriculture,
climate risk, and agricultural water management in the field of
climate sciences, water management and agricultural sciences.
The search span was from the year 1970-2021 in English only.
The search was mainly focused on Ethiopia. In the process,
a total of 74 journal articles, nine books/book chapters, and
27 proceeding articles and research reports were consulted
and the viewpoints were collected as the basis and parameters
for analysis.

Figure 1 presents the process in choosing of the right review
material for this review works. The process was started by
extracting relevant information using the following subtopics:
climate change and climate variability, impact of climate
change on water resources and agriculture, climate induced
water security risks on agriculture and agricultural water
management in Abbay basin. All data extraction and coding
were performed using Microsoft excel. In the beginning of
the review publications search and selection, 135 publications
were found. After examining duplication of publications, seven
of them were excluded. The remaining 128 studies abstracts
were scanned to see if they are relevant to the study topic and
research questions. In the process only 118 studies were found
pertinent. Assessing full text publication was followed in filtering
the publications, and in the process 15 were excluded. After
evaluating each article against the aforementioned inclusion
and exclusion criteria, 110 papers were chosen for this

review process.

Climate and agriculture in the Abbay
basin

The Abbay basin—Brief description of the
study site

The Abbay basin is the Ethiopian part of the Blue Nile

River Basin of the Nile river located in the northwestern part of
Ethiopia between 7° 40’ N and 12° 51’ N, and 34° 25’ E and 39°
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Literature search and evaluation process and decision making for inclusion.

49’ E. It is also commonly known as the Upper Blue Nile Bain.
The basin is the second largest in area coverage and the largest
in annual runoff compared with the other river basins in the
country. It covers 20% of the country’s total surface area and 60%
of Amhara, 40% of Oromiya and 95% of Benishangul-Gumuz
Regional States. Its major sub-basins include Beshilo, Welaka,
Jemma, Muger. Yilma and Awulachew (2009) classified Abbay
basin into 16 sub-basins. The name of the sub-basins is Guder,
Fincha, Anger, Didessa, Wonbera, Dabus, Belles, Dinder, Rahad,
Tana, North Gojjam and South Gojjam (Figure 2). Abbay basin
covers an area of 199,812 km?2 and it generates 60% of the water
flow of the Nile River (Conway and Hulme, 1993; Sutcliffe and
Parks, 1999). The basin is characterized by rugged topography
in the center and eastern part and generally flat lowlands in the
western part. Elevation ranges from 470 to 4,260 m asl. About
60% of the basin’s area is highland with elevations of >1,500 m
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asl, and the remaining 40% is lowlands. Gently sloping lands
with slopes of 0-15% accounts for 64% of the total area of
the basin, while the remaining 36% has slopes of >15%. This
indicates that much of the lands are suitable for agriculture from
topography point of view.

The main river in the basin is the Abbay River. It originates
from Lake Tana and flows about 1,450 km and merges with the
White Nile to form the Nile river. Annual runoff generated
from the basin is estimated at 49 BCM (BCEOM, 1998). It
has a potential to produce 17,000 MW hydroelectric power.
The per capita renewable water resource exceeds 2,500 m3y !
(Johnston and McCartney, 2010). It is the most important basin
in the country by most criteria as it contributes about 45% of
the country’s surface water resource, accommodates 25% of the
population, and accounts for 20% of the landmass of the country
(Erkossa et al., 2009). The basin also contributes some 40% of
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FIGURE 2
Sub basins of the Abbay basin.

the country’s agricultural produce (Erkossa et al., 2009). The
potential irrigable land in the basin is estimated at 815,581 ha
(WAPCOS, 1995). The total population living in the basin is
nearly 37.6 million.

Small scale rain fed agriculture is the main livelihood
system in the basin. Agricultural productivity is very low and
its inter-annual fluctuation is large (Erkossa et al., 2009). A
large part of this is related to hydro-climatic variability and
lack of appropriate technologies for effective water resource
utilization. There is a growing concern that water insecurity will
be exacerbated in the coming decades because of climate change
and projected frequent droughts and intense precipitation
events (Funk et al, 2012). This coupled with continued
population growth, land degradation and change in land use,
water management will be much more complicated.

Several studies have attempted to understand the spatio-
temporal variability of climate as well as climate change, and
how this variability and change will affect water availability in
the basin (Kim et al.,, 2008; Tesemma et al., 2010; Rientjes et al.,
2011; Gebremicael et al., 2013; Tekleab et al., 2013; Berhane et al.,
2014; Mengistu et al., 2014; Bayissa et al., 2015; Suryabhagavan,
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2016; Mekonnen and Disse, 2018; Roth et al., 2018; Worqlul
et al, 2018). There are also a few studies on how the
links between hydro-climatic variability and water availability
affect agriculture in the basin, and various recommendations
have been provided on how to increase agricultural water
productivity and agricultural water use efficiency. Those studies
are however at localized scales and fragmented and hence do
not provide a full picture of the basin. It is necessary to bring
all relevant studies and insights together for a full-perspective
understanding of the situation in the basin. This paper reviews
and assesses the state of knowledge on agricultural water security
issues in the basin; it covers climate variability and climate
change, agricultural water management practices, and identifies
important gaps that need to be addressed in future research and
development endeavors.

Climatology of the Abbay basin

The Abbay river basin has diverse and variable climate which
is related to the variations in topography and latitude (BCEOM,
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1998; Conway, 2000; Tekleab et al., 2014). There are distinct
local climatic regions in the basin, ranging from hot and arid
areas along the Ethio-Sudan boarder to cool highlands and even
humid-cold mountain peaks (Tekleab et al., 2014).

Across the basin, long-term mean annual rainfall varies
between 1,200 and 1,800 mm, and ranges from about 1,000 mm
near the Ethiopia/Sudan border, to 1,400 mm in the upper
part of the basin, and in excess of 1,800 mm in the south
in the Dedessa sub-basin (Conway, 2000). The same source
notes that 70% of the annual rainfall falls between June and
September. Awulachew et al. (2008) reported the average annual
rainfall to be between 1,400 and 1,800 mm, ranging from
about 1,000 mm near the Ethiopia- Sudan border to 1,400 mm
in the upper part of the basin, and in excess of 2,000 mm
in the Didessa and Beles sub basins. Other studies reported
similar results about the spatial pattern of annual rainfall in the
basin with slight differences in magnitude (Sutcliffe and Parks,
1999; Abtew et al,, 2009). In terms of seasonal distribution,
the National Meteorological Agency (NMA) identifies three
distinct seasons (NMA, 2013). These are commonly known as
Kiremt, Belg and Bega seasons. The Kiremt season is between
June and September, and some 70-90% of the annual rainfall
occurs during this season. The Belg season is between February
and May. This is the short but the second most important
rainy season for agricultural production in the country as a
whole. The Bega season is generally dry and so rainfall is
not expected in most parts of the country. Mekonnen and
Disse (2018) analyzed rainfall data from 15 stations located in
and around the basin, and their result shows mean seasonal
rainfall of 148 mm, 238 mm and 1,065 mm for Bega (October—
January), Belg (February-May) and Kiremt (June-September),
respectively. This shows that about 74% of annual rainfall is
concentrated between June and September (Kiremt season).

BCEOM (1998) identifies four clusters in the spatial pattern
of rainfall in the Abbay basin, two with relatively high rainfall
and two with relatively low rainfall amounts (Figure 3). The
first cluster is found in the southeastern part and receives
annual rainfall of 1,400-2,200 mm and a long wet season, which
provides good conditions for agriculture. This cluster includes
Guder, Fincha, Anger, Dedessa and western part of Dabus sub
basins. The second one in the central part of the basin also
has relatively high annual rainfall (1,400-2,200 mm) but there
is a more pronounced seasonality, characterized by a shorter
wet season and longer dry season. Lower part of Tana, upper
part of South Gojjam, northern Beles and south eastern part
of Dinder sub basins are part of this cluster. These areas are
the major grain producing parts of the basin. The third in
the eastern part of the basin is characterized by relatively low
annual rainfall (<1,200 mm) distributed in two rainy seasons in
a bimodal pattern. Beshilo, North Gojjam, Welaka, Jemma and
Muger sub basins are found in this cluster. These areas are the
most drought-prone parts of the basin. The fourth covers areas
in the west and north-west part and receives low annual rainfall
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(<1,200mm) which occurs in the main rainy season. This
cluster includes western part of Dabus, Wonbera, lower part of
Beles, western part of Dinder, Rahad and northern part of Tana
sub basins. This part experiences high evapotranspiration losses.

The broader spatial patterns of rainfall in the basin are, in
addition to topography and latitude, related to the sources of
moisture to the Ethiopian highlands. The major rain producing
mechanism in Ethiopia in general and the Abby basin in
particular is the movement of air masses associated with
the Inter-Tropical Convergence Zone (ITCZ), which moves
seasonally from South to North and back (Griffiths, 1972;
Gamachu, 1977; BCEOM, 1998; Conway, 2000; Awulachew
et al.,, 2008). Conway (2000) clearly describes the mechanism as
during the dry season, October to January, the ITCZ lies south
of Ethiopia and does not reach the basin. Thus, continental dry
air mass from Northeast causes dry period in the basin. The
ITCZ moves up to the North around June, thus the southwest
air stream extends over all highlands of Ethiopia to produce
the main rainy season in the basin. Some areas in the basin are
also receiving rainfall between February and May, and which is
considered a small rainy season in the country (BCEOM, 1998;
Conway, 2000; NMA, 2013).

Next to rainfall, temperature is the other important climatic
element which governs water resource availability. Temperature
exhibits temporal and spatial differences over the basin but
not as much as that of rainfall (Conway, 2000). According
to Yilma and Awulachew (2009), the highest temperature is
observed in the northwestern part of the basin, in parts of Rahad,
Dinder, Beles and Dabus sub basins. In these sub basins the
maximum temperature is in the range of 28-38°C and minimum
temperature is in the range of 15-20°C. Temperatures are
generally lower in the highlands in the central and eastern parts
of the basin (Figure 4). In these areas, maximum temperature
ranges from 12 to 20°C and minimum temperature ranges from
—1 to 8°C. In terms of temporal variability, March to May is the
hottest period and November to February is the coldest period
in the basin (Yilma and Awulachew, 2009).

Evaporation is a key climatic element that affects water
budget of basins. Potential evapotranspiration (PET) is generally
highly correlated with temperature. For the Abbay basin, Yilma
and Awulachew (2009) estimates annual PET to be between
1,056 and 2,232 mm. A high annual PET of between 1,800 and
2,232 mm per year is estimated for the northwestern part of
the basin, in Dinder, Rahad, and parts of Beles and Didessa
sub basins. The eastern and southern parts experience lower
PET ranging between 1,200 and 1,800 mm per year and the
lowest PET of below 1,200 mm per year is observed in parts of
the highlands.

In general, climatic resources in the basin indicate
presence of huge potential to generate water; however,
there is high spatial and temporal variability that causes
variability in water availability in the basin. This is associated
with the meso scale rainfall producing mechanisms and
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FIGURE 3
Rainfall clusters in the Abbay basin (prepared based on BCEOM, 1998).

micro scale modifiers like topography. There were efforts
to cluster the basin based on hydrological characteristics to
capture distinct hydrological process and water availability
(e.g., Gebrehiwot et al, 2011; Berhanu et al, 2013, 2015;
Gebregiorgis et al, 2013; Berhane et al., 2014). Most of
these efforts of regionalization are very broad and only useful
for strategic planning and focusing on spatially variability
without giving much attention of the temporal one. Apart
from hydrological based regionalization, climate zonation for
agricultural technology extrapolation domain developed by
Global Yield Gap Atlas over Ethiopia. This climate zonation
is very crude in terms of characterizing the spatio-temporal
characteristics of relevant climatic elements for operational
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water management practices. All in all, these relatively
broad scale regionalization and characterization are useful for
strategic planning; however, for operational and context specific
technology targeting, a higher spatial and temporal resolution is
much needed.

Agriculture in the Abbay basin

Agriculture specifically small scale farming is the main
livelihood system in the basin. In general, it is characterized
as mixed-crop livestock agriculture in the highland and
pastoralism in the lowland areas. Erkossa et al. (2009) identified
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Mean temperature in the Abbay basin.

nine distinct farming systems in the basin. These are Tef
based single cropping, Maize based single cropping, Sorghum
based shifting cultivation, Barely based double cropping, Barely
based single cropping, Maize based shifting cultivation, Coffee-
maize complex, Sorghum based single cropping and forest
(Figure 5). In terms of relative area coverage, the Tef based
single cropping is the largest farming system and it accounts
for 30% of the total area of the basin. Erkossa et al. (2009)
further divide the cereal based crop cultivation, which covers
over 90% of the basin, into single cropping, double cropping
and shifting cultivation sub systems, which, respectively, cover
about 60, 10, and 20% of the area. The single cropping
cultivation is dominated by Tef, Maize and Sorghum crops
and account for about 50% of the area. Barely cropping
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dominates the double cropping area which has a potential to
grow two times in a year though the relative area coverage is
very small.

The productivity of all these farming systems is very low,
almost <1.0 ton per hectare (Erkossa et al., 2009). This is,
according to Erkossa et al. (2009), due to many interrelated
factors including high population pressure, soil erosion and land
degradation, unreliable rainfall, low water storage capacity of the
soils and catchments, crop pests and diseases, soil acidity, water
logging, fragmentation of farm lands, limited use of improved
technologies such as improved crop varieties, soil fertility
management (fertilizers, liming), poor water management
(irrigation and drainage), soil and water conservation as well as
farmers traditions.
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FIGURE 5
The major farming systems of the basin. Source (Erkossa et al., 2009).
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Hydrology in the Abbay basin

Abbay river originates from its source Gish Abbay (Sekela)
to flow North ward and enter Lake Tana at the Southwestern
tip. The main Abbay River flows out from Lake Tana in
the southeast. Stream flows in the basin generally shows a
pattern that have low during April and high in August months
(Figure 6). However, slight shift in month is observed in peak
discharge at the outlet of Lake Tana, which is 1 month later
in September (Ayele et al., 2019).

The minimum discharges also show a similar pattern at the
Sudan border which has lowest flow in April, while 2 months
later in June at Lake Tana. The difference is due to the storage
effect of Lake Tana in delaying the release of flows. The discharge
from the Gilgel Abbay, one of the tributaries that flow into Lake
Tana, also shows storage lag with maximum discharge in August
and minimum in April. Similar pattern is also observed at Sudan
border. Flows at both places are strongly influenced by dry and
wet years despite the natural storage ability of Lake (ABDO,
2020).
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There is a 10 times increase in discharge between the
Abbay river at Lake Tana and the Abbay at the Sudan border
which demonstrates the importance of the inflow yielded by
the additional 156,933 km? catchment area from the Abbay
tributaries (Figure 7).

Climate change impacts on water
and agriculture in the Abbay basin

Climate change in the Abbay basin

Climate change is a major threat to water security in
Ethiopia. Many studies have evaluated climate variability and
climate change impacts on water resources (Conway, 2000,
2005; Osman et al., 2000; NMA, 2001, 2007; Conway et al.,
2004; Seleshi and Zanke, 2004; Verdin et al., 2005; Bewket and
Conway, 2007; Cheung et al., 2008; Abdo et al., 2009; Abtew
et al., 2009; McSweeney et al., 2009; ACCRA, 2012; Ayalew
et al, 2012; Tesso et al, 2012; Viste et al, 2012; Jury and
Funk, 2013; Nicholson et al, 2018). All these studies agree
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FIGURE 6
Stream flows measured in Abbay basin. Source (Ayele et al., 2019).

that there is consistent warming trend in most parts of the
country and the Abbay basin. However, evidence on rainfall is
contradictory which could possibly be explained by the different
spatial and temporal scales and the time periods considered by
the different studies.

Some studies have noted that strong local scale variations
exist in rainfall trends. For instance, Mengistu et al. (2014)
evaluated spatiotemporal variability of rainfall and temperature
over the upper Blue Nile basin and they found significant
increasing and significant decreasing trends in different parts
of the basin. According to this study, the eastern part of the
basin experienced significant increasing trend in summer and
in the western part during winter and autumn. Significant
decreasing trend was found in the western part during spring
and some part in the north during summer. Bewket and Conway
(2007) reported significant increasing trends in annual and
summer rainfall in the northeastern part of the basin. Alemu
and Bawoke (2019) conducted a study on rainfall variability
in the basin using gridded rainfall data for the period 1981-
2017. Their study shows moderate inter-annual variability and
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much larger variation in the seasonal rainfall between years.
Their study further reveals that there is an overall increase in
annual rainfall and seasonal rainfall (except winter). Samy et al.
(2019) investigated rainfall characteristics in the upper Blue Nile
Basin over the period 1953 to 2014, and noted that the basin
experiences variable rainfall events causing severe droughts
and floods in different years. They also reported significant
increasing rainfall trend over the northeastern and eastern-
central parts of the basin. Regional level study by Nashwan
and Shahid (2019) in Nile river basin indicates that annual
rainfall was increasing only at some locations in the main Nile
and Atbara sub-basins at a rate of 0.26-26.4 mm/decade and a
significant decreasing trend over a large part of Nile river basin
was found for extreme rainfall days (- 0.53-0.75 day/decade)

A number of studies have also generated projected climates
and assessed impacts on water resources in the basin. Taye
et al. (2011) reviewed some of these studies and concluded that
clear discrepancies and contradictions exist in their findings.
For instance, the results from Bewket and Conway (2007),
Conway (2000), and Gebremicael et al. (2013) showed absence
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Mean monthly discharge of the Abbay river at the Lake Tana and the Ethiopian/Sudan Border (m3/s). Source (ABDO, 2020).

of significant change on the amount of rainfall and there
was no consistent pattern or trend in rainfall. Kim et al.
(2008) used outputs of six GCMs to project future precipitation
and temperature and found that the changes in mean annual
precipitation from the six GCMs range from —11% to +44%
with a change of 11% from the weighted average scenario at
2050s. The changes in mean annual temperature range from 1.4
to 2.6°C with average change of 2.3°C from the weighted average
scenario. Yates and Strzepek (1998a) used 3 GCMs and the result
was that the changes in precipitation range from —5% to +30%
and the change in temperature range from 2.2 to 3.5°C. In
another study, Yates and Strzepek (1998b) used 6 GCMs and the
results showed changes between —9 and 55% for precipitation,
and between 2.2 to 3.7°C for temperature. Elshamy et al. (2009)
used 17 GCMs and the result showed that changes in total annual
precipitation range between —15% and +14% but the ensemble
mean of all models showed almost no change in the annual
total rainfall. All models predicted the temperature to increase
by between 2 and 5°C. Worqlul et al. (2018) studied climate
change in the Abbay basin and found that daily maximum
and minimum temperature will increase throughout the future
time horizons. The minimum and maximum temperatures will
increase by 3.6 and 2.4°C, respectively, toward the end of the
21st century with A2 climate scenario. They also evaluated the
trend of potential evapotranspiration and found that it will
increase by 7.8%, although trends in annual rainfall did not show
statistically meaningful trends. They observed also a notable
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seasonality in the rainfall pattern, such that dry season rainfall
amounts are likely to increase and wet season rainfall likely
to decrease.

Gudoshava et al. (2020) conducted regional level analysis of
climate change projection over the Greater Horn of Africa using
the outputs of a 25-member regional multi-model ensembles
of the CIMP5 models from Coordinated Regional Climate
Downscaling Experiment project. The study shows that change
in mean intra-seasonal rainfall characteristics at 1.5 and 2°C
global warming levels especially for the June-September and
October-December seasons. During the June-September season,
delayed onset, reduction in consecutive wet days and shortening
of the length of rainy season over parts of the northern
sector under 2°C. During the October -December season, the
region is projected to have late-onset, delayed cessation, reduced
consecutive wet days and a longer season over most of the
equatorial region under the 2°C global warming level.

All the above studies show contradictory results for the
basin particularly on rainfall amount, intensity, duration and
seasonality in the future. Most of the studies reviewed in this
study used only few GCM models without prior justification
about how and why they selected those GCMs or some
of their assumptions are not valid. Furthermore, the GCMs
downscaling were carried out only for a small number of
meteorological stations where their spatial representation is
questionable. In addition, the downscaling techniques including
the bias correction methods were not capable to capture extreme
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events in most of the cases. Apart from these, uncertainty
of the climate models predictions is also a challenge to the
credibility of findings of most studies (Bornemann et al., 2019).
Recent study by Wainwright et al. (2021) indicates the source
of uncertainty in climate projection in East Africa rainfall
is related to parametrization of convection. Conway (2017)
also stated that for many parts of Africa, GCM projections
remain highly divergent and there is a need further research
in the area particularly in consideration of El Nifio-Southern
Oscillation (ENSO) behavior which is the source of uncertainty
in climate modeling. Apart from the large scale atmospheric
circulation, thermodynamic conditions like moisture content,
moisture transport and local/mesoscale feedback are highly
contributed in influencing climate variability over the Ethiopian
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highland. Souverijns and Thiery (2016) reports that more than
77% of rainfall condition over Easter Africa is influenced by
moisture amount and flow, and local/mesoscale feedbacks. This
suggest that climate models, particularly the RCMs ones, that
consider these thermodynamic conditions are more relevant
to Ethiopian Highland condition. Further research in this
aspect in terms of properly identifying and quantifying the
drivers and representing in the climate models are very
necessary steps toward on accurate projection of climate over
Eastern Africa in general and over Ethiopia in particular.
All these technical issues are very critical to understand
what the future holds in the Abbay basin from the climate
change perspective. These are important gaps to be tackled by
future research.
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Climate change impacts on hydrology and
water resources in the basin

The Abbay basin is one of the most sensitive areas to
climate change impacts on water resource systems (Kim and
Kaluarachchi, 2009). Many studies exist on potential impacts
of climate change on stream flows in the basin (Conway
and Hulme, 1993; Bewket, 2003; Kebede, 2009; Gebrehiwot
et al., 2010; Rientjes et al., 2011; Dile et al., 2013; Gebre and
Ludwig, 2015; Taye et al., 2015; Ayele et al., 2016; Wagena
et al, 2016). These studies have produced widely differing
results due to differences in timeframes of station records
analyzed, differences in global emissions scenarios considered
and other aspects of model simulations. For instance, Conway
and Hulme (1993) reported increase in annual flow for Upper
Blue Nile Basin (Abbay basin) and Gebre and Ludwig (2015) also
reported increasing trends of annual flows for four catchments
(Gilgel Abbay, Gumer, Ribb, and Megech) of the Abbay basin.
Recent study by Alaminie and Jury (2022) stated increasing
trend of runoft based on ensemble model projection. Whereas,
Bewket and Sterk (2005), Kebede (2009), and Gebrehiwot et al.
(2010), and reported decreasing trends of annual flows of
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Chemoga, Koga and Gilgel Abbay catchments of the Abbay
basin, respectively. Some studies reported absence of any change
in annual flows. For instance, Tesemma et al. (2010) found no
change in annual flow of the Abbay basin, except during the
main rainy season (June to September).

Some studies (e.g., Conway et al, 2004; Elshamy and
Wheater, 2009) pointed out that the impact of climate change on
the river flow is insignificant, whereas Taye and Willems (2012)
showed the impact of climate change to be uncertain. They
further showed how global phenomena and local conditions
could affect flows in the Abbay basin. According to their report,
high flow extremes of the Blue Nile are strongly influenced by
climatic oscillations while the low flows are influenced by the
combined effects of climate and land use/land cover change.

A scenario-based study by Kim et al. (2008) showed that
precipitation could change by 11% and temperature by 2.3°C
from the weighted average scenarios. As a result, the relative
change in mean annual runoff was by 4%. He used outputs of
six GCMs to project future precipitation and temperature and
analyzed hydrological responses to climate change effects using
a simplified monthly water balance model. Another study that
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complements this finding is by Aich et al. (2014), which used bias
corrected model outputs of five Earth System Models (ESMs) of
HadGEM2-ES, IPSL-5 CM5ALR, MIROC-ESM-CHEM, GFDL-
ESM2M, NorESM1-M under scenarios of RCP2.6 and RCP8.5
for analyzing the impacts of climate change on the stream flow
of four large African rivers, and reported increasing trend in
precipitation. Furthermore, projections of the Soil and Water
Integrated Model (SWIM) driven by the five corrected climate
models agree almost completely on positive trends of stream
flow at El Diem gauging station, which corresponds to the
precipitation trend.

A more comprehensive study by Elshamy et al. (2009) which
used 17 GCMs reported the ensemble means of all models
showed almost no change in the annual rainfall in the basin.
The models predict temperature to increase by between by 2 and
5°C. In terms of changes in stream flow, more models (eleven)
predicted flow reductions than those showing increases (six).
The ensemble mean annual stream flow at El Diem was projected
to reduce by 15% compared to the baseline. Another study by
Dile et al. (2013) on impact of climate change on Gilgel Abbay
found decreasing and increasing trend of stream flow during
2010-2040 and during 2040-2100, respectively, in response
to decrease and increase of precipitation in the basin. Their
study indicates that mean monthly flow volume will decrease
by between —40 to —50% during 2010-2040 and may increase
by more than double during 2070-2100. They found also that
impact of climate change is significant on seasonal mean flow
during Belg and Kirmet seasons.

Change in extreme precipitation events in relation to the
changing climate has also been evaluated by some studies.
For instance, Worku (2015) used precipitation data from two
GCMs, namely HadCM3 and CGCM3 and showed that in
most parts of the basin rainfall intensity will increase in the
future. The increase in rainfall intensity causes increase in
hydrologic extremes. In another study, Worqlul et al. (2018)
investigated effects of climate change on stream flow of two
sub-catchments in the upper part of the basin. According to
this study, minimum and maximum temperatures are expected
to increase by 3.6 and 2.4°C, respectively, at the basin level.
Evapotranspiration is predicted to increase by 17.8% by 2100.
The seasonal stream flow is expected to increase by 64% during
the wet season and decrease by 19% during the dry season.
Meresa and Gatachew (2016) reported that wet/dry spell will
significantly decrease/increase due to climate change in some
parts of the basin, Dabus and Birr sub basins, while in Beles
and Gilgel Beles sub basins, there will be increase/decrease in
wet/dry spells but not statistically significant, respectively. Gelete
et al. (2020) reviewed 73 journal articles on impact of climate
variability and climate change on the hydrology of Blue Nile
river basin and they concluded temperature will increase while
rainfall and stream flow will decrease. Wagena et al. (2016)
studied impact of climate change on water resources of two sub
basins, Tana and Beles sub-basins in the Abbay basin. Their
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results show increase in mean annual flows in both sub-basins
which was attributed to increase in the length of the monsoon
season by 4-6 weeks. Recent study by Mengistu et al. (2021)
indicates that surface runoff is projected to increase by up to
14% by the end of 21st century, however, the increase in surface
runoff could not increase the total water yield of the Basin.
Instead, the total water yield of the Basin is estimated to decrease.

With respect to impact of climate change on groundwater,
much has not been done in the basin. Some studies by
Setegn et al. (2011) and Woldesenbet et al. (2018) addresses
the impact of climate change groundwater flow in the basin
particularly in Lake Tana basin. Setegn et al. (2011) used 17
GCM outputs from the World Climate Research Programme’s
Coupled Model Intercomparison Project phase 3 (CMIP3) and
analyzed the contribution of groundwater flows to stream flows.
Their study indicates that a likely decrease in groundwater
flow and soil moisture. Other study by Woldesenbet et al.
(2018) reported an increase contribution of groundwater to
streamflow. Tigabu et al. (2021) on the other hand reported
groundwater contribution to stream flow is projected to decrease
whereas surface runoff is projected to increase. Their study
concluded that rainfall trends alone are not revealing future
water availability and may even be misleading, if regions
rely heavily on groundwater. All these studies again show
a contradiction of results how groundwater contribution to
streamflow in the basin. Further, most of the studies focused on
contribution to stream flow and very less in change in magnitude
of groundwater flows. All these indicated that the need for
comprehensive study of climate change impact on ground water
resources is very necessary since groundwater is one of the
resources to address food security issue in the basin.

In summary, most studies show inconsistent results about
rainfall amount, but some studies indicate increasing rainfall
amount due to increases in rainfall intensity and/or increase
in monsoon season length suggesting a potential increase in
stream flows. Regarding temperature, almost all studies concur
that it is increasing with different magnitudes depending on the
models and scenarios used. A more spatially explicit assessment
of climate change impacts on hydrology, groundwater and water
resources will benefit agricultural planning and decision making
at relevant spatial scales.

Climate change impacts on agriculture

The adverse impacts of climate change in the Abbay basin
are mainly through the changes it causes on water availability,
water utilization and water stability for agricultural uses. Despite
the basin receiving fairly high rainfall amount per year, it is
characterized by high variability in both spatial and temporal
distribution, with frequent dry spells that significantly reduce
crop yields and sometimes lead to total crop failures. Bewket
(2007) studied rainfall variability and agricultural vulnerability
in the Amhara Regional State of Ethiopia, which covers a large
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part of the basin, using rainfall and main season cereal yield data,
and reported significant correlations between seasonal rainfall
amount and crop production. This shows the dependence
of crop production on climate variability particularly rainfall
variability in the basin. Besides climate variability, poor
water and land management and associated land degradation
exacerbate climate change impacts on agricultural productivity
and contribute to perpetuating rural poverty (Erkossa et al,
2009). In general, crop productivity in the basin is very low, <1.0
ton per hectare on average (Erkossa et al., 2009).

As discussed above, BCEOM (1998) has identified four
rainfall regions or area clusters in the basin; identified as two
high rainfall and two low rainfall areas. This is a very coarse
rainfall characterization and regionalization for agricultural
planning and decision making. The first cluster covering the
southeastern part receives annual rainfall of 1,400-2,200 mm
and has a long wet season, which provides a good condition for
agriculture. The growing period in this cluster is the longest in
the basin and it ranges from 240 to 365 days. Rainfall in this
area is also reported to be the highest in Ethiopia (2,200 mm
yr~1). The length of the growing season together the amount of
rainfall makes this cluster one of the high potential areas to grow
long cycle and high yielding crops. This cluster is dominated
by Maize based cereals in the south and Tef based cereals in
the east. Erkossa et al. (2009) reported that the average yield of
Maize and Tef crops in the area are 22.04 Q/ha (1Q = 100kg)
and <10 Q/ha, respectively, and these figures clearly indicate the
very low crop productivity of the cluster. Haileslassie et al. (2007)
have also noted that water productivity is very low. Thus, this
cluster is characterized by good water availability but poor water
utilization. Mellander et al. (2013) reported that wet season
rainfall amount as well as length of the wet season is likely
to increase, while the dry season length decreases in this area
(Figure 8). The same study also reported a potential decrease
in rainfall intensity. These all are favorable conditions for
improving agricultural production, including through improved
green water management at farm scales.

The second cluster in the central part is characterized by
a shorter wet season and a longer dry season. The short wet
season has 3-4 months and the remaining months are dry.
This is the main grain producing area in the basin. However,
the short wet period and the high rainfall intensity are major
challenges to agricultural production. Most of the rain turns
into runoff due to high intensity and this also causes high
soil erosion affecting the ability of the remaining soil to store
water for long. Further the short rainy season does not allow
farmers to grow long cycle and high yielding crops. This
cluster is dominated by Tef-based cereals with barley, wheat
and sorghum crops and farmers, on average, produce some
surplus over their subsistence needs despite the challenges of
variable rainfall characteristics (ENTRO, 2006). During the long
dry season, farmers are not fully engaged in farm activities and
this indicates the low labor productivity in the area. Investing
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in green water management possibly enhances crop, water and
labor productivity by extending the cropping season (ENTRO,
2006), but this has not been explored by scientific research.
Improving agricultural productivity in this cluster is particularly
important, because of the highest population density in the basin
(Figure 9). In addition, Mellander et al. (2013) suggest that the
wet season is likely to decrease and rainfall intensity is likely to
increase (Figure 8), which will compound existing water security
challenges. The high and growing population density combined
with the current and future rainfall characteristics suggests that
this cluster is one of the most vulnerable to water and food
security risks.

The third cluster in the eastern part of the basin is
characterized by relatively low annual rainfall (<1,200 mm) that
is distributed in two rainy seasons in a bimodal pattern. The
short rainy starts in January or February and extends to end
of May; and the main rainy starts in mid July and extends to
mid September. Beshilo, Welaka and Jemma are the main sub
basins in this area. The cluster is dominated by Barely based
double cropping, and delayed start and early withdrawal of rain
(in both the short and main rainy seasons) is one of the major
production constraints. Further, 70% of the area is characterized
by soils with low water storage capacity (Erkossa et al., 2009).
The unreliable nature of the rainfall has made use of fertilizers
and improved seeds a risky venture and so contribute to the low
crop productivity in this cluster. It is also one of the drought-
prone and water scarce areas with unpredictable rainfall onset
and cessation times, and crop and livestock water productivity is
estimated at only USD 0.5 m~3 in this area (Haileslassie et al.,
2007).

The fourth cluster covers the western and northwestern parts
of the basin and receives relatively low rainfall (<1,200 mm)
and the rainfall occurs in the main rainy season. Variability
and shortage of rainfall are the main characteristics of the
area (BCEOM, 1998). Further, evapotranspiration loss is high.
Agriculture in this cluster therefore faces significant climate
related risks. The farming system consists of both intensive
farming of maize-based perennial crops in the south, upstream
of the Didesa sub-basin, and extensive farming of maize-
sorghum complex in the western lowland valleys of Dabus and
Beles, upstream of the Dinder and Rahad sub-basins. The maize-
sorghum complex extends to Sudan where sorghum becomes
a dominant crop. Compared to other other parts of the basin,
population density low (0-10 person km™2) and problems of
soil erosion are not apparent (Mo, 1998). However, the farming
system is characterized by low crop and water productivity
which is related to poor land and water use practices apart from
the variability and shortage of rainfall (Haileslassie et al., 2007).

In general, agricultural productivity in the Abbay basin
is constrained by high climate variability rather than low
water availability; rainfall distribution is extremely uneven both
spatially and temporally. On the other hand, high rainfall
intensities result in low infiltration and high runoff rates,
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causing severe soil erosion and land degradation, which in turn
contribute to water insecurity for agriculture and perpetuate
the low agricultural productivity and the widespread food
insecurity (Lautze et al., 2003; Deressa, 2007; Suryabhagavan,
2016). High population growth rate and the cultivation of
steep lands and marginal areas exacerbate the problem; soil
erosion in the cultivated highlands of Ethiopia is estimated at
42 t/ha, on average (Hurni, 1990; Tamene and Vlek, 2008).
The low crop yield in the basin, which is, on average, about
35% of the potential, is typically not due to the lack of
water but rather a result of the inefficient management of
water, soils and crops (Amede, 2011). This implies that poor
water utilization is the major water security challenge in the
basin. The gap between actual and attainable yields suggests
that there is a large potential for yield increases (Rockstrom
et al., 2010). It has been demonstrated that improved rainwater
management interventions can improve water security and
reduce poverty levels by ~22% (Awulachew et al, 2013).
Green water management interventions can therefore mitigate
production risks associated with increasing rainfall variability
due to climate change (Kato et al., 2009).

Climate change has already intensified the problem of
water insecurity in the basin. Several studies reviewed above
project significant increases in temperatures. The projection for
rainfall is much less certain, although on average a relatively
small increase is expected for the country as a whole. For
instance, Wagena et al. (2016) estimate that the monsoon
season could be longer by 4-6 weeks. This means increases in
rainfall amount that potentially benefits farmers to grow long
cycle and high productivity crops or even creating opportunity
for double cropping. However, it could be associated with
increase in rainfall intensity which could lead to high surface
runoff and soil erosion risk (Worku, 2015). Soil erosion
lowers crop production by removing valuable topsoil and plant
nutrients. Also, increased runoff implies less infiltration, and
reduced soil water and ground water recharge. Increase in
potential evapotranspiration is also expected as a consequence
of increase in temperatures (Worglul et al., 2018), and this
implies an increased water demand for crop production in
the basin.

Climate change induced water security risks on agriculture
in the Abbay basin will involve changes in amount, intensity,
duration and timing of rainfall, and that change in temperature
will enhance the demand for evapotranspiration. Hence, the
increase in temperature will lead to increased water demand
by farming systems. The full scale impact of climate change on
agriculture in the basin is yet to be studied. The possible impact
of increased temperature particularly on C4 crops (tef, maize,
sorghum and millet) is displacement from their original areas
(Tesfaye et al., 2016). This implies a possible change in farming
system in the basin particularly dominated by Tef in the central
highland and those dominated by maize and sorghum in the
west and southwest parts of the basin. The change in farming
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system will also change the pattern of demand and consumption
of water.

From the foregoing, climate induced water security risks
impacting agricultural production in the basin in different
ways depend on the spatiotemporal distribution of rainfall.
Climate change will aggravate impacts from the current climate
variability. Poor natural resource management, including green
water management along with spatiotemporal climate variability
and change are the main water security risks to agriculture in
the basin.

Other pressures aggravating water
security risks to agriculture

Land degradation and population
pressure

Land degradation and population pressure are key factors
that aggravate water security risks on agriculture along with
climate variability and change. Population pressure has been
increasing in the Ethiopian highlands and this has contributed to
extension of cultivation into steep lands and change in land use
and land cover. Land degradation and water scarcity are closely
interlinked as healthy land loses its natural capacity to store and
filter water when it is degraded. The Abbay basin is one of the
hotspots of soil erosion and land degradation in the highlands
of Ethiopia (Hydrosult Inc., 2007; Awulachew et al., 2008, 2010).
An estimated 302.8 million tons of soil is eroded from the basin
annually, largely through sheet erosion; of this about two-thirds
is from uncultivated land, i.e., communal grazing and settlement
areas (Awulachew et al., 2008).

Hydrosult Inc. (2007) estimated annual reduction in grain
yields in the basin due to soil erosion at 25,1901, i.e., 0.6% of
the total but this accumulates over the years; after 10 years it
rises to 6% and after 25 years to 15% of annual crop production.
Awulachew et al. (2010) reported the highest sediment yields
to be from croplands, particularly in the small grain cereal-
based farming systems mostly found in the central parts. The
increasing population density in the area will contribute to water
scarcity in the basin (McCartney et al., 2012).

In this review, it is found that there are different efforts to
reduce land degradation particularly soil degradation through
soil conservation and land management interventions in the
country in general and in Abbay basin in particular. The
target of most of the soil conservation and land management
interventions is to reduce soil erosion, and existing evidences are
only in this regards. However, recent global level understanding
on land degradation is very related with water security as well.
Healthy land has a natural capacity to store and filter water, but
this capacity is lost when land is degraded (Tebebu et al., 2017).
There are different land and water management interventions
to restore degraded land, bring land degradation neutrality and
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address water security in long term. The effectiveness of such
kind of interventions depends on context and site specificity. In
this regard, evidences are very lacking in the country for proper
targeting of interventions. Thus, it is suggested future research
could be designed to fill gaps in terms of generating evidences
for operational and strategic planning.

Land use and land cover change

Increase population is the major driving agent for land use
and land cover change in most developing countries in response
to increase demand to agricultural production (Maitima et al.,
2009). In Ethiopia, particularly Abbay basin experiencing an
expansion of agricultural land by converting natural vegetation
(e.g., Zeleke and Hurni, 2001; Bewket and Sterk, 2002; Gashaw
et al,, 2017). On the other hand, recent study by Wondie and
Mekuria (2018) arguing that rate of deforestation is decreasing
in most part of Ethiopia including Abbay basin in response of
plantation activities.

Land use and land cover change is closely interlinked
with change in land surface processes like change in surface
runoff, groundwater recharge, infiltration, interception, and
evapotranspiration. Studying the impact of land use and land
cover change on hydrological process and water resource is
very important for planning and designing of environmental
resource management and addressing water security issues
as well. For instance, expansion of agricultural land at the
expense of natural vegetation could increase runoff and
decrease evapotranspiration however the degree of impact varies
depending on the characteristics of a watershed or basin and
agro-ecological settings of areas under study (e.g., Guo et al,
2008; Ma et al., 2009; Dong et al., 2015; Li et al., 2017; Yang
et al., 2017; Mekonnen and Disse, 2018; Berihun et al., 2019). On
the other hand, the change from vegetation cover to agricultural
land could increase runoff during wet season and decrease
during dry season due to reduced infiltration and reduced
residential time in the soil. This is evidenced by study conducted
in Dedesa sub basin of the Abbay basin considering land use
and land cover change between 1986 and 2014 (Jemberie et al.,
2016). The study uses SWAT model to simulate streamflow over
25-years period considering land use and land cover change,
and it is found that streamflow increased by 29.44 m3/s for wet
season and decreased by 4.44 m3/s in dry season. Though few
studies conducted in parts of the basin (e.g., Dagnew et al., 2017;
Gashaw et al., 2017; Woldesenbet et al., 2017, 2018; Worku et al.,
2017; Mekonnen and Disse, 2018) to assess the impact of land
use and land cover change impact on hydrological processes,
they are mostly specific to single agro-ecological environment,
uniform human activities and not spatially explicit in a way
to plan operational intervention. There is no comprehensive
basin level study on the impact of land use and land cover
change on hydrological processes and water resource. Dile
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et al. (2019) suggested about the need of further study in
the basin to better understand the responses of hydrological
processes and water availability under LULC and climate change
at small watershed scales under different agro-ecologies (Dile
et al., 2019). This review paper also found out that this area
is one of the critical gap that need to be addressed in future
work for clear understanding of spatio-temporal variability
of hydrological process and water availability. Such kind of
information is necessary for proper design of context and site
specific interventions in addressing of water security challenges.

Research and development
responses to climate risks on
agriculture

In response to the impact of extreme climate variability
and change on water resource and agriculture in the
country, significant investments have been made into water
resource management and development, including in-situ
agricultural water management and ex-situ water harvesting
for supplementary irrigation. The in-situ agricultural water
management mostly known as soil and water conservation has
been implemented at relatively large scales in the basin since
the early 1980s though much success has not been achieved
(Tebebu et al., 2015; Zimale et al., 2017). One of the major
factors to the limited success is the one-size-fits-all approach
to technology selection and implementation. Most of the
interventions did not take into account hydroclimatic and
socioeconomic heterogeneity of the basin, particularly the
rainfall characteristics in the basin that could lead to success
in some places and failure in others (Eguavoen, 2009; Berihun
et al., 2020). For instance, it is common to see fanya juu in
high rainfall areas with inappropriate design to the local rainfall
condition (Merrey and Tadele, 2011). The four rainfall clusters
developed by BCEOM (1998) could only be used for strategic
purposes and cannot be used for local scale planning and
targeted agricultural development interventions.

There is also very limited research evidence on the types
and design of soil and water conservation technologies for use
in the different rainfall and agroecological regions of the basin
and the country at large. Merrey and Tadele (2011) affirm
that there has been very little systematic comparative research
on the diverse soil and water conservation technologies, their
performance, the conditions for which specific technologies are
most appropriate, and the accompanying crop, land and water
management practices needed to enhance land productivity.
Most of the existing research on soil and water conservation
is about erosion control, and not about improving agricultural
water productivity. Bewket and Sterk (2003) and Bewket (2009)
noted that the top-down approaches followed in planning
and implementation of the past conservation activities was
a major contributor to their limited success, as farmers did
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not maintain the structures or even destroyed them after the
coercion was withdrawn. Local level priorities and stakeholder
inputs are quite essential for successful implementation of such
kind of interventions (Dorte et al., 2013).

There was large scale investment into construction of farm
ponds for harvesting runoff after the drought of 2002/03. The
drought mitigation and livelihood outcome of this initiative has
not been thoroughly evaluated, but the few available studies
reported that this too was largely a failure (Bewket, 2007,
2009). Similarly, Lemma (2007) stated that “most household
ponds failed, despite good design and techniques, because the
social, economic and management factors were inadequately
integrated into the pond development system”. In general, water
management practices and technologies, the various ways to
improve the productivity of water used by crops, livestock
and agroforestry, and the outcomes and social and economic
impacts of these technologies are not well-researched in Ethiopia
(Merrey and Tadele, 2011). Further, there is a research gap in
evaluating the interactions and synergies among the diverse
agricultural water management technologies and practices to
address water security issues in the basin. Previous researches
focused on evaluating single technology in multiple sites rather
than the outcomes of a suite of integrated practices implemented
in a watershed. Only few studies exist on assessment of outcomes
of such integrated interventions. For instance, Temesgen et al.
(2012) investigated the effect of integrating conservation tillage
(CT) with soil conservation structures on surface runoff,
water-logging, soil loss, crop yield and plowing convenience,
comparing it with traditional tillage (TT) on five farmers’ fields
in a high rainfall area in the Abbay basin. They found that
surface runoff was reduced under CT by 48 and 15% for wheat
and tef, respectively, reduced sediment yield by 51 and 9.5%
for wheat and tef, respectively, and reduced water-logging was
observed behind soil conservation structures in CT compared
to TT, and grain yields of wheat and tef increased by 35 and
10%, respectively.

Crop models based climate risk assessment and development
of management options is another dimension helpful to target
spatially explicit interventions, particularly addressing climate
variability impact on agriculture (Corbeels et al., 2018). In this
regard, Erkossa et al. (2009) evaluated effects of improving soil
fertility on water productivity of crops in high rainfall areas in
the Abbay basin using an integrated approach. They employed
the FAO Aqua-Crop model to simulate water productivity of
crops under varying soil fertility scenarios (poor, near optimal
and non-limiting) using hybrid seeds under rain fed conditions.
They found that grain yield of maize increased from 2.5
tons ha~! under poor to 6.4 and 9.2 tons ha~! with near
optimal and non-limiting soil fertility conditions. They also
observed soil evaporation decreased from 446 mm to 285 and
204 mm, while transpiration increased from 146 to 268 and
355mm. Grain water productivity was increased by 48 and
54%, respectively, with the near optimal and non-limiting soil
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fertility conditions. In their conclusion, they indicated that water
productivity gain mainly comes from reduced evaporation and
increased transpiration without significantly Affecting water left
for downstream users. Dile et al. (2016) employed SWAT model
to evaluate the application of water harvesting technologies
together with nutrient application in the agriculture system of
Lake Tana sub basin. Their study found increased simulated tef
production of up to 3-fold compared to current practices using
supplementary irrigation. Added to this, a further 7.66 t/ha of
onion could be produced during the dry season using the excess
water after supplemental irrigation of tef. Such experiments have
not, however, been implemented at larger field scales.

Recent studies suggest that, globally, soil water storage
enhancement and small-scale runoff harvesting can make
useful contribution to agricultural productivity under current
and future climates (Rost et al., 2008; Wisser et al., 2010).
McCartney et al. (2012) conducted study in the basin to
evaluate the performance of different water storage technologies
under current and future climate. He found that that green
water management and small scale runoft harvesting are the
most effective and reliable among the different water storage
technologies under current and future climates, provided that
locally appropriate technologies are implemented.

Conclusions

This paper presents a review of past studies related to climate
induced water security risks to agriculture in the Abbay river
basin with a view to understand type, extent and magnitude
of water security risks on agriculture and identify promising
interventions for improved water security outcomes. The review
shows that spatiotemporal climate variability is the primary
cause to variable water availability in the basin. Poor water
utilization is a major contributor to water insecurity particularly
in mono-modal high rainfall areas of the basin. Population
pressure and land degradation aggravate water insecurity in the
central highland part of the basin which is also characterized
as a hotspot for soil erosion. In the future, climate change and
increasing population will contribute to add more stress and
threaten water security in the basin in general and in the central
highland part in particular. There is greater certainty on the
future increase in temperature and its implications to water
security risks on agriculture. Evidences about climate change
impacts on rainfall and water resources are not conclusive,
suggesting further studies on the issue.

Under the current and future condition, the central highland
part which is characterized by mono-modal rainfall with narrow
wet and long dry periods and dominated by tef-wheat based
small grain cereals farming system is the most water stressed
area in the basin. This part of the basin also has, compared
to other parts, highest population density, highest soil erosion
rates, highest rainfall intensity and a very short wet season.
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Also, in this area of the basin, the wet season is expected to
decrease while the rainfall intensity is expected to increase in the
future. Green water management, soil water storage, improved
agronomic practices, use of improved farm implements and
small scale water harvesting are the promising technologies that
enhance water security, improve crop water productivity and
increase crop productivity in the basin in general and in the
central highland part in particular. However, these technologies
need to be scaled up and scaled out by taking into account local
scale bio-physical and socioeconomic variations to be effective
and sustainable.

This review has identified the following knowledge gaps for
future research.

i. Most climate variability studies in the Abbay basin are
not spatially and temporally disaggregated to scales
that are often required for context specific agricultural

detailed

temporal characterization of climatic resources and

development interventions. Hence, spatio-
identification of homogenous areas, or planning domains,
is needed.

ii. Though there are many studies on climate variability
and climate change, and on impacts of climate change
on hydrology and water resources, results are as yet
contradictory in terms of rainfall change as well as its
impact on water availability. Further studies are therefore
needed to understand impact of climate change on rainfall
and water resources at fine spatial and temporal scales,
which is a requirement for operational planning in the
agriculture and water sectors.

iii.

=

There is generally dearth of research evidence on
agricultural impacts of hydroclimatic variability and
climate change in the basin. Agricultural impact studies
using modeling approach

experiments are essential to evaluate impacts as well as

complemented by field

performance of climate risk mitigation interventions under
different climate scenarios and uncertainties.

iv. There are research and development recommendations
to manage land resources and enhance water availability
for agriculture in the basin; however, the developmental
outcomes have so far been minimal due to challenges in
implementation of innovations at scale, suggesting the need
for further research in this area.

v. Poor water utilization is the main cause for water insecurity
than limitations in actual water availability in the high
rainfall receiving areas of the basin. The reasons are related
to lack of knowledge and farmers’ lack of capital to invest
in green water management technologies. Thus, capacity
building and policy intervention related researches will
be useful.

.

vi. Compared to climate change, studies on land use and
land cover change impacts on water resources are fewer.

Hence, there is a need for further research on land use and
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land cover change, its biophysical and human drivers, and
impacts on local climatic and water resources.

vii. Study on the impact of climate change on groundwater in
the basin very limited. Since groundwater is one of water
resources and very useful for water security in the basin,
future research should focus on this aspect as well.

viii. Green water management with improved agronomic
practices and small scale water harvesting are promising
interventions for securing water for agricultural production
in the basin. However, its effectiveness depends on site
specific biophysical and socioeconomic circumstances.
Research that integrates modeling approach with field
experimentation will be useful to explore various
green water

management options and agricultural

production outcomes.
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