Land, water, people
and landscapes In north
Ethiopia’s grabens

Jan Nyssen, Biadgilgn Demissie, Tesfaalem Ghebreyohannes
(eds.)



Front cover: Headwaters of Gobu River near Dingur (Photo Sofie Annys)

Back cover: Delesa village (Photo Sofie Annys)

To be cited as:

Jan Nyssen, Biadgilgn Demissie, Tesfaalem Ghebreyohannes (eds.), 2019. Land, water, people
and landscapes in north Ethiopia’s grabens. VLIR-UQOS, Mekelle University, Ghent University,
KU Leuven. ISBN 9789082922226.



Table of contents

Executive summary: Land, water, people and landscapes in north Ethiopia’s grabens............. 4
P07 AACRE 16-05T (Grabens) apst: @7F YHAG 10-TPLC .., 14
Z1P aoMPAN: a0 TI8E YHLY 12-9°L:47 14057 (Grabens) A% AFCRL ..o, 23
Kiilbati Ethiopiah Garben (Graben) baaxoo lee ummata kee baaxoo Gon...........c.ccccccveeennn. 32
Chapter 1: The “Graben” TEAM PrOJECE .....coiuiiiiiieiiiieiiii et 43
Chapter 2: At the edge between Ethiopian plateau and Rift Valley..........ccccccoovviiinieiinnenn, 48
Chapter 3: On top of the escarpment: the afro-alpine environment...........cccccooceveeivnieieenenn, 55
Chapter 4: Soil erosion around Lake Ashenge in historical times ...........ccccoceiiiiiiiiiiieieen, 61
Chapter 5: Cropping systems in the Raya uplands............cccccoiiiiiniiicienee e, 65
Chapter 6: Unequal land access or equity: impacts on land degradation around Lake Ashenge

.................................................................................................................................................. 68
Chapter 7: Land cover and woody vegetation cover changes along the Raya escarpment...... 73
Chapter 8: Successful land rehabilitation on the escarpment............cccocevieiicie e, 77
Chapter 9: The floods from the eSCarpment ............ccooveii e 81
Chapter 10: Rocky deposits on the foot of the eSCarpmeNnt............ccoocvevviieenenieseene e 86
Chapter 11: River sedimentation at bridges in the Raya graben ..........cccccooeiiiiiiiicnee, 90
Chapter 12: Temporal meandering rivers in the Raya graben bottom ..........cccccoeevviieiiennenn, 94
Chapter 13: The water of the Aba’ala graben ............ccceviiiiiiiiiiiie e 98
Chapter 14: Changing landscapes in the Aba’ala graben bottom ..........cccccevvieiiiiiienieninnnne 102
Chapter 15: Conflicts for water and grazing land in the Kalla graben............ccccccooveivenae 107
Chapter 16: The waters of the Raya graben ...........ccceiveiiiciiccece e 110
Chapter 17: Land cover in relation to stream dynamics in the Raya graben.......................... 114
Chapter 18: Salinity conditions in the Raya graben ............c.cccooviveiiciiecic i 119
Chapter 19: Agricultural investments and land use change in the Raya graben..................... 123
Chapter 20: Landscape dynamics and major drivers in the Raya graben bottom.................. 126
Chapter 21: The fertiliser excess crisis in the Raya graben and beyond (2012-2016)........... 130
Scientific and vernacular names of plant SPECIES..........coeiiiiiiiiiiiecee e 137



Executive summary: Land, water, people and landscapes in north
Ethiopia’s grabens

Biadgilgn Demissie?, Jan Nyssen?, Tesfaalem Ghebreyohannes*

! Department of Geography and Environmental Studies, Mekelle University, Ethiopia
2 Department of Geography, Ghent University, Belgium

I Introduction

In the twenty-one chapters of this book, we highlight the main findings of the Graben project.
The word “Graben’ is of German origin. It means “long trench”, and it is used to indicate
long flat valley bottoms that exist at the edge between highlands and Rift Valley. The “Graben”
TEAM project description is given in Chapter 1, whereas characteristics of the grabens are
presented in chapter 2.

Chapter 1: The “Graben” TEAM project

The “Graben” TEAM project (2013-2018) focused on a major development corridor of Ethiopia,
the closed basins at the interface between the Highlands and the Rift Valley. Such basins are
sensitive to environmental changes on the surrounding escarpments as well as to climate
variability. The landscapes are subject to rapid changes, from (agro-) pastoralism through
cereal-based cropping systems to semi-intensive irrigated agriculture. Cooperation and
conflicts exist between pastoralist Afar lowlanders and Tigray and Amhara crop farmers. We
have performed an integrated geographical study on land use, settlement and agricultural
systems, in order to contribute to planning and management of land and water. The project
involved the Department of Geography and Environmental Studies of Mekelle University and
the Universities of Gent, and K.U. Leuven in Belgium.

Chapter 2: At the edge between Ethiopian plateau and Rift Valley

To acquire a better understanding of the grabens, we selected a representative research area
including the Aba’ala, Kalla, Raya and Ashenge grabens. All the marginal grabens are semi-
surrounded by escarpments. As a result, their soil and water resources are continuously
replenished by the floods and sediments that flow from the escarpments.

The main characteristics of the study area, as detailed in Chapter 2, are the following:

o Geology: A graben is a block of land bounded by parallel faults in which the block has
been downthrown, producing a narrow valley that, in this case, runs parallel to the margin of
the Ethiopian plateau. Antalo Limestone dominates the Aba’ala graben, and basalts and other
volcanic rocks the Raya graben. Alluvial deposits fill the graben bottoms.

o The marginal grabens have generally an arid and semi-arid climate, with a main rainy
season in summer. The belg rains are clearly present in the Raya graben, allowing for a second
crop in the uplands, whereas they are absent in Aba’ala.

o Many rivers drain the escarpments and flow from the foot of the escarpment to the
centre of the basin, mostly forming terminal distributary systems. The majority of the floods of



these rivers sink before reaching the outlets. Outlets are deeply incised gorges across the eastern
horst, towards the main Rift Valley.

o Soils: The Raya and Ashenge graben bottoms are dominated by Vertisols, and the
Aba’ala and Kalla graben bottoms by Cambisols. Overall, on the escarpment, soil associations
are dominated by Leptosols.

o Population: An approximate 650,000 people live in the studied grabens. Most densely
populated are the Raya and Ashenge graben bottoms. The population comprises Amhara,
Tigraians, largely assimilated Oromo and Afar. Amhara, Tigraians and Oromo are engaged in
smallholder agriculture; Afar are pastoralists, on the way of sedentarisation in the grabens.

o Land cover: Grassland and shrubs are the dominant land cover in the western
escarpments and eastern horsts, whereas cropland is the dominant land cover in the graben
bottoms. On the western escarpment, reforestation has occurred and it has a better tree cover
than the graben bottom.

II. At the edge of the north Ethiopian highlands

This section concerns the escarpment and also the edge of the Ethiopian plateau from where
the water drains to the graben bottoms. At the total top of the escarpments, mountains rise very
high, among the highest of Ethiopia. Chapter three presents the afro-alpine envrionment at the
top of the escarpment in some mountain ranges of the northern Ethiopian highlands, including
along the Raya graben

Chapter 3: On top of the escarpment: the afro-alpine environment

The Ethiopian highlands comprise about 50 percent of the mountains of Africa above 2000 m.
These highlands form a good context to study the afro-alpine environment. Therefore, three
mountain ranges in the North Ethiopian highlands were studied, the Simen Mts (4550 m above
sea level), the Abune Yosef Mts (4277 metres) and Ferrah Amba Mt (3939 metres). All these
mountain areas bare evidence of past glaciations and periglacial processes. Small avalanche-
fed glaciers existed in the upper north-facing slopes of the Abuna Yosef range. Evidence of
such Pleistocene avalanche-fed glaciers in Ethiopia has not been produced earlier. With these
observations, a temperature drop of 6 °C was calculated for the Late Glacial Maximum in the
study area. Under the current environmental conditions, frost action in these mountains is
limited to frost cracks and small-scale patterned ground phenomena. The afro-alpine mountain
forests formed by the ericaceous belt is (at present) found between 3200-3700 metres. Despite
recent temperature increase, the Erica arborea treeline did not rise to higher altitudes in the
tropical African highlands. The treeline position in the tropical afro-alpine mountains of North
Ethiopia is primarily anthropo-zoogenic driven. However, air temperature is the dominant
treeline limit under protected conditions. Thus, management interventions are vital to restore
the important ecosystem services of mountain forests.

Also, high up along the escarpment, level lands exist, which are in fact also small grabens.
Think about Korem, Ashenge or Maychew. In Chapter 4, the soil erosion that exists in those
areas of the escarpment is analysed.



Chapter 4: Soil erosion around Lake Ashenge in historical times

The analysis of sediments deposited by flash floods give information on processes of land
degradation in the upstream catchment. For this reason, we monitored a representative segment
of the Menkere gully that leads to Lake Ashenge. We have investigated a sequence of alluvial
debris fans downstream of the gully segment; we also analysed the texture and dated the
sediment that was deposited in the lake. In this way we could see the periods when more
sediment was deposited; that means, when there was more erosion in the Lake Ashenge
catchment. We could reconstruct the evolution of the gully over the past half century and
validate it with aerial photographs and semi-structured interviews. The findings related to gully
filling through time are in line with the dating of sediments in the Lake. There was increased
sediment supply starting from the 1970s, when lots of sand was deposited in the lake. In most
recent years, due to restoration of vegetation on the steeper slopes, proportionally, less sand
(hence more clay) was deposited in the upper layers of the lake bottom sediments.

Chapter 5 analyses the cropping system in the upper part of the escarpment, from Korem to
Kwiha and beyond.

Chapter 5: Cropping systems in the Raya uplands

In the Northern Ethiopian Highlands ca. 33% of the land is used as cropland. This land is mainly
cultivated by smallholders who use their indigenous knowledge to plan their cropping system.
By mapping the occurrence of cropping systems, and establish the relationship with annual
rainfall, we could improve our understanding of how cropping systems are applied in the
Northern Ethiopian Highlands. Five cropping systems were identified, each having a distinct
cropping season length and crop association: short crop cycle (four months), short normal crop
cycle (five months), long normal crop cycle (six months), long crop cycle (nine months) and
long two crop cycle (ten months). Cropping systems with shorter cropping seasons were
generally found on the valley sides whereas longer cycles occurred in the valley bottoms. The
length of cropping season also increased from north-northeast to south-southwest. Crop
associations within cropping systems also varied with altitude. Cropping systems changed in
responses to variation in annual rainfall. This resulted in shifts of cropping systems at catchment
and regional scales, with cropping systems having longer cropping seasons where there was
greater annual precipitation.

People have been living up on the edge of the grabens since many centuries. In Chapter 6, we
present a study of the rural society near Lake Ashenge, and the changes in land tenure.

Chapter 6: From unequal access to land to equity: impacts on land degradation around
Lake Ashenge

We investigated the land tenure in the uplands around Lake Ashenge over more than 100 years,
and particularly how land distribution impacted land degradation. We used aerial photographs,
interviews, and mapped the land tenure over time. At the feudal times, there were very unequal
areas of land holding. For instance, in the village of Menkere, one Dejazmatch had 14 hectare,
and other feudals held large lands also. But more than 50 families had no land at all. When the
Derg government came to power, they did a first land reform, which was hastily and not equally
done. One farmer said that “it depended whether you came by foot or by hand”. Indeed, the



previous feudals managed to keep larger land holdings. The TPLF fighters organised another
land reform around 1990; the aim was to have the same land area to every farmer (men and
women), with some land readjustments later on. Informally there is a land market; people are
renting, but not selling land. All in all, nowadays, 90% of the farmers in Menkere cultivate two
or three plots. In Ethiopia, over the last 20 years, cereal production has strongly increased. This
is related to the efforts for land management, the feeling of ownership of the land, and
investments done in agriculture. The land fragmentation, to a large extent, allows also the
farmers to apply very intensified and diversified agriculture, that comes close to “precision
agriculture”. In Menkere, there is a complex interaction between biophysical and social system.
Equal land sharing is attempted. Land holdings are small, and this leads to removal of the matrix
vegetation. Many farmers need off-farm income (part- or full-time). Crop production and soil
conservation have strongly increased.

III. The escarpment, a source of water and sediment

Several chapters address the escarpment itself that drains directly to the graben bottoms. Our
researchers have been walking up and down this escarpment to study its environment and
human impacts. Obviously, humans bring changes to woody vegetation cover there, but to what
extent could increase or decrease of vegetation also be due to climate variability? In Chapter
7 the woody vegetation cover of the Raya graben is presented.

Chapter 7: Land cover and woody vegetation cover changes along the Raya escarpment
(1972 - 2014)

We analysed the land cover changes along the Raya escarpment using ground reference data
and multi-temporal Landsat satellite images for the period 1972 to 2014. As a re-greening of
the study area was expected, special attention was given to the woody vegetation species in the
area. The main species were identified in the field and their spatial distribution was studied.
Observed land cover changes were a strong decline in farmland (from 60% to 35%) and an
important increase in woody vegetation (from 33% to 53%) between 1972 and 2014. Despite
this re-greening, the woody vegetation cover in the area is dominated by pioneer species (e.g.
Dodonea angustifolia, Carissa edulis and Euclea racemosa) and indicator species for
disturbance (e.g. Cadia purpurea, Opuntia ficus-indica and Aloe sp). Late-successional species
that once dominated the escarpment (e.g. J. procera and O. europaea), almost completely
disappeared from the open-access forests, and only can be found in protected (church) forests.
Hence, it is recommended to focus on bushland and forest protection and restoration
(establishment of new exclosures), especially in the southern part of the escarpment (west of
Alamata to Robit). The last page of this book holds also a translation of scientific tree names to
local tree names.

After understanding changes to vegetation cover, Chapter 8 addresses some evidence of this
improved vegetation cover.

Chapter 8: Successful land rehabilitation on the escarpment



The catchments in the western rift valley escarpment of Ethiopia were severely degraded by the
first half of the 1980s.The severity of the land degradation was mostly evidenced by
development of dense gullies and scar networks in the steep slopes transporting huge volumes
of floods and very big boulders down to the Raya graben. To reverse this problem, rehabilitation
interventions that included establishment of exclosures were initiated in the mid-1980s.
Consequently, the vegetation cover of many catchments has increased substantially. In order to
study the role of the rehabilitation interventions on minimizing land degradation, (i) scar
networks in 20 catchments were mapped in Google Earth Imagery and their density was
correlated with greenness of vegetation cover in each catchment as represented by (Normalized
Difference Vegetation Index and slope gradient), and (ii) changes in the geomorphology of
stream channels were observed in the field. This study has shown that catchment rehabilitation
interventions in northern Ethiopia have led to a remarkable improvement in vegetation cover
and stabilization of the slopes in short time (less than 30 years). Particularly, the improvement
in vegetation cover significantly reduced (i) scar density in all catchments except in the
catchments with very steep slopes (with slope gradient >60%) and the size and amount of
sediment supply to streams. Consequently, stream channels have been stabilized, incised,
narrowed and many of the previously braided stream channels were abandoned in favour of
single thread streams. Therefore, it is recommended that intensive rehabilitation interventions
should continue on the relatively less rehabilitated catchments and the existing protection
system of the catchments should be strengthened.

As shown in Chapter 9, such improved vegetation cover has led to decreased flooding, though
floods remain strong.

Chapter 9: The floods from the escarpment

Owing to severe deforestation, the catchments in the western Rift Valley escarpment of
Northern Ethiopia were highly degraded in the first half of the 1980s. Consequently, the high
intensity of precipitation in such catchments led to extreme foods that usually produced
environmental, economic and human losses in the marginal graben. As a result of the
reforestation interventions that were initiated in the second half of the 1980s; the vegetation
cover of the catchments has improved. In this research, we a studied the impact of vegetation
cover change on instantaneous floods in 11 steep mountains which are under way of forest
restoration. We monitored a total of 332 flood events in three rainy seasons (2012—2014). The
result demonstrates that the reforestation interventions and the establishment of exclosures in
the highly degraded catchments in particular have significantly minimized flood generation
from the catchments. Based on this we recommend sustaining the reforestation efforts and
establishment of further exclosures in the sloping catchments.

In small, steep escarpments, the floods cannot evacuate most of the sediment and it stays behind
as rock deposits, also called “debris cones” (Chapter 10).

Chapter 10: Rocky deposits on the foot of the escarpment

Debris cones are widespread terrestrial landforms in semiarid regions. Therefore, the objectives
of this study were to investigate the distribution and livelihood effects of debris cone in the
marginal grabens. GoogleEarth Pro, Landsat images and questionnaire were employed address



distribution and livelihood effects of debris cone in the grabens. The study points out that many
debris cones are formed at the juncture of steeper hillslopes and the flatter graben bottoms along
the Rift Valley. The study shows that the areal extent of the debris cones showed a linear
association with the area of headwaters. Moreover, the average volumes of debris cones were
larger (0.75 million m®) in the basalt graben than in the limestone graben (0.08 million m3).
Furthermore, the expansion of debris cones inundated the graben bottom croplands. By contrast,
debris cones absorb floodwater, build fertile soils and recharge the underlying aquifers that
enriching the on-site blue and green water storages. Therefore, an integrated catchment
rehabilitation should be implemented to reduce the expansion of debris cones in the grabens
along the Rift Valley.

The large rivers are also carrying large volumes of sediment towards the graben bottoms. In
Chapter 11, the thick river bridge sedimentation of the Raya graben is presented.

Chapter 11: River sedimentation at bridges in the Raya graben

The Raya graben is located along the margins of the Rift Valley in northern Ethiopia. Its
ephemeral rivers are among its endowments that attract attention. The rivers flow from the high
mountain range in the west to the graben bottom. During the rainy season the rivers transport
large size of sediment. When they descend, they drop sediments under the bridges found at the
foot of the escarpment. As a result, due to sediment fill up, it is a common practice to excavate
the sediment from the bridges at least two times after the end of the rainy season. There are also
times when the excavation takes place during the rainy season. Since there were no evidences
of the miracles of the thick sediment deposits under the bridges, this study was conducted to
understand the main controls of the bridge sedimentation. The study indicates that the hydraulic
process around the bridge reaches is the main cause for the tick sediment deposition under the
bridges. Since the width of the bridges is twice less than the channel width in upstream reaches,
the flash floods flowing into the bridges are forced to sheer stress and decrease in velocity due
to bridge narrowing. This process forces the flood to drop sediments under the bridge. Low
vegetation cover in the upper catchment is also an important reason. Thus, the study suggests
(1) width of the bridges should be at least as wide as the upstream channel reaches (but at a
lower cost), (2) increase vegetation cover in the head waters in order to reduce the sediment
input in the graben bottom, and (3) better results can be achieved if rivers are allowed to follow
their natural process, there are flood protection measures in place which make the flooding
impact worse.

IV. The Aba’ala, Kalla and Raya graben bottoms

The next seven chapters all concern water and land in the graben bottoms. Chapter 12
addresses the temporal broad meandering rivers in the graben bottoms.

Chapter 12: Temporal meandering rivers in the Raya graben bottom

The rivers in the Raya graben have a steep escarpment in their headwaters and flow to the flat
graben bottom. As a result, they have a large land holding the graben bottom, particularly
related to their expansive tributary systems. Related to their drainage behavior they show



changes in length, area and direction. This tudy investigated the link between the upper
catchment characteristics and the morph-dynamics of the rivers in the graben bottom (length
and area). The study shows that area of the upper catchments is the most important controlling
factor for the dynamics in the length (57%) and area (66%) of the rivers in the graben bottom.
The study also shows that there is an increase in vegetation cover in the upper catchments
starting from 1986. Hence, vegetation cover has a profound effect on the length and area of the
rives. Measures geared towards reducing the impacts of river dynamics on agricultural activities
and thereby the livelihood of the society in dryland areas with ephemeral rivers needs to focus
on rehabilitation activities (soil and water conservation) in both the river reaches and upper
catchments

Thanks to a lot of measurements, we are able, in Chapter 13, to share our understanding on
the water in Aba’ala graben.

Chapter 13: The water of the Aba’ala graben

Grabens are major development corridors in Ethiopia, which needs to be understood for proper
hydrological budget. However, the sustainability of water resources in the grabens of northern
Ethiopia’s Rift Valley are insufficiently understood to support planning and management of
land and water resources. The objective of this study was to examine water balance of the
Aba’ala limestone graben under the challenge of data scarcity. We measured the rainfall and
river discharge in order to analyze the graben’s runoff components. The rainfall volume in the
Aba’ala graben has an erratic behaviour, and led to a rapid flood runoff of the major river into
the graben bottom. However, the flood runoff and evapotranspiration affected the water
availability in Aba’ala graben. Generally, the storage takes a share of 36% of the water inflow
into the graben bottom. Therefore, a sustainable water management could reduce the temporal
variation of the water storage in Aba’ala graben.

People in the Aba’ala graben have always been dependent on the floods from the highlands.
Yet, in current years the landscapes have been changing (Chapter 14).

Chapter 14: Changing landscapes in the Aba’ala graben

This study analysed land use and land cover changes (LULC) in the Aba’ala graben between
1984 and 2018 and the impact of LULC changes on landscape structure of Aba’ala graben. The
findings of the study show that farmland and settlement have increased at the expense of
shrubland and bare land in the Aba’ala graben between 1984 and 2018. Consequently,
shrubland and bare land have decreased from 51% and 27% in 1984 to 39% and 22% in 2018
respectively. On the contrary, settlement dramatically increased from 3% in 1984 to 12% in
2018, mainly due to the rapid population growth and sedentarization program of the government
in the pastoral areas of the country in general and in the Aba’ala graben in particular. The
increment in settlement and farmland in the Aba’ala graben has led to the increment of the
number of patches, suggesting landscape fragmentation in the graben. The study calls up on
regional and local governments to consider the expansion of agriculture and settlement and their
adverse impacts on the landscape in their planning. In this case, the policy makers should give
attention to the sedentarization program of the Afar pastoralists and should implement it in a
well-organized manner.
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Moving south, in Kalla graben (Chapter 15) we studied the competition for water and grazing
grounds.

Chapter 15: Conflicts for water and grazing land in the Kalla graben

The study examined the process of transhumance and the linkages between the social and
biophysical aspects of the landscapes in the grabens of northern Ethiopia. The study found that
transhumance in the Kalla graben and its environs has led to conflicts between the highland
agro-pastoralists and low pastoralists due to competition over scarce resources in the
transhumance zones. The conflicts have also led to the displacement of communities from their
original homeland, which abandoned a village. The Vegetation Index values measured in the
abandoned village and on the escarpment showed an increasing trend due to the decrease of
human and livestock pressure on the landscape in the Kalla graben and application of exclosures
and soil water conservation interventions on the escarpments. The study recommends that
policy makers and local governments should carefully consider the conditions of transhumance
and its associated consequences. This can be done by ensuring sustainable management of
landscapes through the establishment of strong environmental protection institutions, conflict
resolution strategies and bylaws. Moreover, conflict resolution strategies need to be localized
and the participation of elders and religious institutions need to be undertaken.

Similarly to Aba’ala, Chapter 16 address the water balance of the Raya graben.
Chapter 16: The waters of the Raya graben

Matching agricultural water demand and supply is a growing policy challenge in drylands. We
investigated the water balance components in Raya (3507 km?) and Ashenge (80.5 km?)
grabens. The rainfall depth, river discharge, abstraction, climate and soil data were used to
address the research question. In addition, the average annual runoff depth of the Raya
escarpment was substential than its graben bottom due to the contributing area and headwater
elevation. About 40% of the runoff discharges reaching the Raya graben bottom were flushed
out at its outlet. About 77 % of the annual rainfall left through evapotranspiration from the
basalt grabens. As a result, 16% and 33% of the average annual inflows recharged in the Raya
graben and Ashenge graben, respectively. Therefore, proper mobilization of water resources
into agricultural development could be “a window of opportunity” to drift the region into better
off economic base. These findings can be used to help achieve sustainable agricultural
development.

Besides supplying a large share of the water available to the grabens, Chapter 17 shows that
these rivers are also very dynamic and affect the landscape in the graben bottoms.

Chapter 17: Land cover in relation to stream dynamics in Raya graben

Land cover change remains a priority research need as it translates various aspects of human
activities and earth surface processes. Rivers are important elements a landscape that need
attention in land cover studies. This study focuses on the influence of rivers in the Raya graben
on land cover change in the graben bottom. The study considered the Warsu river in the Kobo
basin which was believed to represent the other rivers in Raya. The study shows that the land
coverage that are related to the river dynamics are cyclic; the transitions are from farmland to
stream channel/flood plain/bar, stream channel/flood plain/bar to grassland/bushland/forest,
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from grassland/bushland again to farmland. This is because the rivers turn the farmlands into a
river channel/flood plain/bar and after some time this land is abandoned by the rivers and is
transformed to grassland/shrubland. After a while, the farmers start to plow again after the soil
gets its fertility back. In general, the changes in land cover due to the river morpho-dynamics
have implications on the livelihoods of the farmers and land management in the study area. The
land cover changes are not only related to a distributary river system but also that human
intervention and natural vegetation regeneration are important. Land management interventions
should consider the behaviour and impact of river systems. Allowing rivers to follow their
natural bed can make rivers easily manageable.

Water availability is positive, yet Chapter 18 addresses the problem of salinity.
Chapter 18: Salinity conditions in the Raya graben

Rising salinity is a sever problem of sustainable agricultural development in arid and semi-arid
regions. This study seeks to understand the spatio-temporal patterns of water salinity and their
implication on the downstream water availability in the grabens of northern Ethiopia. We
measured the electrical conductivity (EC) of flash floods, baseflows, springs, wells and lakes.
The study indicates that significant difference in the EC values of the water points between
rainy and dry seasons was found in the grabens. Additionally, the average annual water EC
increased from the mountains towards the outlets of the graben basins. With this striking
contrast, water salinity “hotspots” imply that the graben basins were in a “closing” state. As a
consequence, an increasing water salinity may endanger agricultural production, especially
when agricultural intensification will be fully underway in the graben landscapes. Thus, we
suggest that integrated catchment management is needed to tackle the degrading water quality
and guantity in the grabens along the northern Ethiopia Rift Valley.

V. Land management in the graben bottoms

Over the last years, changes of different nature have occurred in the Raya graben bottom.
Chapter 19 discusses the effects of agricultural investments on land use change.

Chapter 19: Agricultural investments and land use change in the Raya graben

The study investigated the impact of agricultural investment on land use and land cover changes
in the Raya graben. The study found that the expansion of agricultural investment has resulted
in land use and land cover changes in Raya graben. Forest coverage in the investment areas of
Kobo sub-basin decreased by 62%. In Mehoni sub-basin, shrubland in the selected investment
areas decreased by 60%. Besides, settlements in the investments sites of Mehoni have been
demolished. Conversely, the findings also indicate that irrigable land in Kobo sub-basin has
increased by 74% and it also increased by 73% in Mehoni sub-basin. In conclusion, agricultural
intensification and extensification of agriculture in the marginal grabens have resulted in land
use and cover changes which in turn affected landscape services in the Raya graben. Hence, the
study recommends that due considerations should be given to the landscapes by applying
landscape-based environmental impact assessments on the agricultural investment areas.
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Environmental changes and different use of the land jointly lead to landscape changes that are
analysed in Chapter 20.

Chapter 20: Landscape dynamics and major drivers in the Raya graben

This study examined landscape composition and configuration in the Raya graben over a period
of three decades. Farmland is the predominant landscape element in the study area. It has shown
significant increase in size and fragmentation in the last three decades. Proportion of shurbland
in the landscape has decreased and high fragmentation of shrubland is observed. Forest cover
decreased progressively throughout the study period. The number of patches for forestland did
not increase significantly. For villages both the mean patch size and number of patches have
increased significantly, hence a progressive expansion of settlement. Built-up patches are
consolidated around the cultivated land, shrubland, and at the edge of forestland. In the study
area, changes are mainly human driven due to an increasing demand for food and settlement.
Extinction of villages due to pooling up of scattered villages is also another cause. The increase
in commercial agriculture is also a strong cause of landscape changes in the study area. Hence,
we understood that the settlement pattern in the study area needs a serious attention and
planning as the development of villages is in a scattered way and also that their expansion is
towards farmland, shrubland and forestland.

Finally, Chapter 21 addresses very recent issues.
Chapter 21: The fertiliser excess crisis in the Raya graben and beyond (2012-2016)

As fertiliser sales have exponentially grown in Ethiopia, and evidence exists of a supply that
was beyond the demand in the drier northern parts of the country, we investigated the inorganic
fertiliser sales and its black-market resale prices in north Ethiopia. The research was conducted
in 2016 in the Raya graben, and contrasted to other districts. Quantitative data on fertiliser
provision, official prices and black-market prices in 2016 were obtained from official statistics
and from key informants in each of the 35 studied districts and in all municipalities of the Raya
area. To promote inorganic fertiliser, agricultural experts used incentives, and also bartered the
purchase of fertiliser by a farmer against food aid or other advantages from the authorities. In
2016, the average official price at which the fertiliser was sold to the farmers was 1407 Birr per
quintal, with variations for type of fertiliser and distance to Addis Ababa. The average price on
the black market in the whole study area was 731 Birr per Qt, but only 463 Birr per Qt in the
three graben woredas. In the Raya graben, only farmers with dry season irrigation state that
they need fertiliser, others will sell it off. The farmers claimed that, first of all, the graben is a
very hot area with moisture deficit, and secondly the land is fertile, in relation to the yearly
deposition of a thin layer of alluvium originating from the escarpment. Most of the inorganic
fertiliser on the black market was purchased by external users, with the help of local merchants
or relatives who acted as brokers. By accepting to sell excess fertiliser to agricultural companies
and traders, smallholders saved themselves from greater losses. Inorganic fertilisers are one of
the elements that have allowed to boost agricultural production in Ethiopia, but the fertiliser
policy needs to be much more fine-tuned so that it is led by agronomic needs, rather than by
statistics of sold volumes of inorganic fertiliser. Pressurising smallholder farmers to purchase
fertiliser against their will is a bad service to agricultural development.
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PN G4t PG PPRISAT 907 IR (9100 AATIRIOP LU TG 477 thedt ACT TACTA:: TGk
AILILRAPD- PARLG M +4ANFD (4T PG @A PNTIPT W2LWPT Fe:4A APAN, DL 57% Po9.1r10-
POIE CHIvHG 66% PULPI0- PR N3 4t AD-T (4T D (4t A7LTL.OAT LALA:: (e I8P
N LL1@- PG n1978 &/9° BI°C 027 MOPT 147 hPeavl, WILUPT LALAT (9P PaPen,avCgP Pavdg®
AHIP99.09° AAD-:: AAHLY P27 T1479° (O IHTF CHOPFS (41 AL 996D TOAT AT8AD- PALA:: QALY
VGO OYHTF NACH (&-DF AL PAFOT +0hT AP NACI® PTIVNLANT O+C U-27 ATTAAN LTLeLT
Pavgt 87 N@F O H4OANES OIE HCP Thedt £241 WP SOTET GHFS 00914t YA aodin
ATLTLFAN TGk LavAhdd\::

TLE AITTT AL 1D TLT APoP732 P05 Al Ot PAN9A PO-Y Y117 PAPIPTA 2

P04 13: ChN%A 207 (Graben) e@Y hlt

0208 avgt (1407) OH0E PATEE AT fied O-OT (TLTF A28 @Y avaant PHerC V0T
NAOVTT9TT T Paomepd® dPLG APPH LA TTTHO AHVHS 10+ AAPI® PTGk G499 PavlE At QANT
U-539° (LIP7E AN1%A NTLTT @ 056~ £798 91607 PADT 8@ apmy AdPSAN:: PHG aPm’? PIU 1D aPLG
APANAN APiE Gevdt (2015-2017) eHGN @ apAh® apacePT (6718 F) HhAGA: OFen 14:
NOTH 91007 @Y oMy 1RTC AR A9IaPar OIHT 18T PP AL M-APA:  PHGN a°m?
TAPPR QUCET Adt:: GUTT 0QUS TAPPRYE 4.M7 @Y €OT AT DL TITAPAP PTD- DL-F @Y
ALCT 0L FFED- NEA PANGA 91L-NT A18.00¢- LLCIA: VTen 14 Navst DL ALC R9°Lav\T @Y I+
10.:: AANPALT NFE- £708 1407 ho1L00 @7 36% OLITFT 2940 hed HAS £10A: LY NavP
PACH PPCAT ATIGLT PHPGE @Y AmPPI® AG T a0l APPH hG ATALR 4T LTLLNEAT T
Py hav8L ANLAT 10z

heC 26 @8 Y 141194 738 A6 PI0-I°C AWM ALFR jd:: LE3? ANTPAhF PLLL 10 PPST Wi
TG Al Aot A8 1 PIPna ::

Pose 14: (AN%GA 208 °&C P°LC 103 TAPPT 1T

2V TGF (AN%A 408 FOLC 09 C 16 0%t AMPPICG 0ast 1477 ADTG 1994+ hbTlavT avPP(
AL Paomety AD-T AL P21 10C:: NTSE aPalt NAN%A 11984-2018 nA@- 1h 204 NPT (etEm
Nev(i7S 1AM (aePy 473 09140 avsts RavSse av it OGS 48 hPLT avgemF-Fm-y
ANRAPA: NHY OH10 NEFRM 0L AG A< PANLLOFD- 1AM NFPF 11984 NiNL®- 51%7 AG 27%:
12018: @2 38.9% AG 22.3% OPLI° +htd PI0PA: (P10 0av§ 4P av38( 11984 i+ ©3.3%

12018 @& 12.4% AAPa.A: AL PUHA ¢TC 0L 711G Moo 70t (ARG E AnPAL NHALIP £9° NAN%A
NP AL AP PAD- ACNP ALCTT (9P7LC 299000N a°CYoNC °N720T 081 hets PEA: Pav54P
a8 FG PULFLN avlt avgnavC PIPLC 103 P13+ ANFAA::AALPII® 2V TG hAAPS haNeP
aPNIF PACAG PaPF 4P av T aP(\4det (H4t I ATAAQTFD- PANNA: : (IFeaPS9° TG AP
Nav22C P00 aoCYINC NF-PLS N HPTE avihh ao+o0C AH8ANTFD- LALA::

84 A100. A7 AT 7°41 CAD? $hAC (M17PAhT %05 Alc- AP0 A6 ACT5A -

04 15: (hA 208 °&C AD-YS AT 006t PoLLLID- 1Pt

2V POt N07%7 AeSP P9SC N7LTH PhA 208 NFPT AT AhONL@- AL PADG PAYNAT OPFP
ArPada, (Transhumance) 2846 h 910G a1 ANONLP PAD- RCHH AL PHLLT 101 TGk A 408
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0FPF PAD-G PATNAT OPFP A1PAPA NLI9IG $ATY 1PLPT avnnd PTPIP ot avFé AALAPA::
PhAE AT Lo9° PAPT NPT M- aP GPAG Pav L M-Lavt AANTAPA: : ChOPT (147 aPANLe @t
AILT0APD- 1@LaPD- P0G (N H84PT AL PAOPT 1147 BPUI6 AALTPA:: PAOPT (147 aPen,aoC
PG URICET L9° NAA 208 AFPT AL PINLD- PAPTG PATAAT T&AT P0G (1 H84-PTF AL P+8LT
PATCE POYS AL TN O&PT TFD-:: AAPI® TSR 700 AO<PPTS Phad a0t hao-q
nA0At LR ArPOPO OC AHPLHD f9laome FACTT At @ar TINNTS tHhdt eeamt
AILTGCOFD- EmEeTIN: LUI® HABYTE PAD- 09°L:C 16 hPolaomTF ANFSLCT “IL21T9°F mThe-
PANAN. PO +RIPFT avav(\lti Qs avF ANPTG UPFT NeP&mCS PRt hdSt OAPTT
NANAL®: TNZAN OC SHMMa 99821 AG PAIC TINLPTTS VLI T +2a1HT a9tt PAd.A DA

PP P@Y 17 (M 7PAhT 9%04-9 16 A6 1 PI°Dna::

P04 16: 042 1407 (Graben) e@Y (it

N0ZO% aot (A607) S PAACE AT Tided OO (7LTE OV eH4PC YO NANTI9TT
PaoMPI° HPLG hOPH PAD- ITHA ATOHE 10+ AALPI® 2TGE GATT 14-f AG VA7 PRC £7198 140G T
PILTT O ot AnAT B TC ATINPaPD::PHG aPMT 071100 P8 AaPO-NAN At Gov -t (2015-
2017) PHG0 9ot avAh® avACePT (&7 2F) ThAGTA: M Ten14T NOTH 271.4.00-7 8O- avn’? (1R TC
Ahf ATIPorT POTHT LETF FmPorGiz (HaraaL: (ANALD- P& 0FPT PATO- 0O oM ATINAT
PO &ATF PALC AUCEHTE PhPC U-3F aPAh® hG 0%t AmPPI® 090106 aPlEPT  WiLTIMGTNCE
A1ININPA: TG K7L, 040M. PHG aPm? TAPPR QUCET At LUTT 0OVS FAPPRRTT LM77 PO-Y
GOF AT OL TIPAPAP (PG OLF @ A& OL FFFD- hGA A-NTT HA® LLAA: (TenT14*
qav 3@ hone, e&At a7 (AN hTLTLO+ At Poh 0G0k 71 NPT 007 e 040 18497 (FPF
nFFGo- 090 hed (p<0.001) PNAM €4t AAD= OL FFF@- 042 1407 hed holiam- 40%
NPFANGE (A AL:CT 4.0 bl NTRC £708 07 NHG hTLné-Pbar® Gav SR DY ot T7%
AHrE 2OAMA: (HY PPRIETFE 040 91607 AG 07071 D17 G0 I ATne @Y G0t (1PLI° +hrtd
16% AS 33% 10 QAMPALT NAUPIC: (05T LAD @7 QAL (aPmPd® AN AhTI°LP
ATV A, 0P TN DL TIG PPt T4 PALAIA: OHPTE DY APPI° AG T, Lavst AEPH
AN ADSIPELL ATIPPNF ANLAT 1D

@Y W92 (11681798 ALY DHIF (193577 NFPF 70-9°8C ADT AL AT Dok ANVTFD-:: I°52.6 Al
A PP DT (1P PAPDPS (14.P 738 AL Popd)m-} Povsd (147 AD-p PAPA::

PG 171 0¢-2 OYVHT (V1-PCoH PAPDTS av%t 147 AD-T

Pt AmPPIP[(147 PGT NAU-T L AT P76 avhh 10+:: (004t 1147 HCP OTHT o7 UL
ANAF CF@<:: 8Y TGF 04-f OTHT h9PhsN N NAD- 4691 H40ATFD- @L T8 17100t 1LH

TRD OOT (1926 AnPPIO[(147 AL PATFD TOAT Tt ALCT PHAG 10+ ALUI® NS0 T8 AL
PILTTOT OOET 4-f @IFT LOhAA e 3avi0t PPCH OFH AL thedt PLCON: TGk

AR OIE (HO44(0F NF Povst AmPPI[147 ADT ALT RT8AD- PALA:: hACH L
OTHICE AFFILANT NOTH/ICE OAFHLAN @F AC/eTEM/mNn: hacC/ePRm/mph A7L15 OL KCA
PP b3 £ LA LU ULV PNt OIHE PACA 0Pk ML OTHYHICE AFH/ AN $LLOD-
ntoaT 1H A 2@t OF AC/emBm/mh/ ePPLA:: TOAT LH $&-F Ads NATT RA A2L15 QA
ACOE RU77 008t TN L EIPe-:: NAMPAL OTHES aPAPOTG (1904 T A PPI°[147 LoL.00 N D+ AD-T
NN&PE PhSEC U-2FG Navst ANTALC AL NGAE 0P A1IPF AAF®-:: Pavst 1147 AD-FE h@HE
POI-PCH AD-P F QLT hAD- AS MAP M01TG NHEAZP ChoPT A1L1G dPDAL/TILav PgO(; jM-: :
QAR Pavsrt ALPH OGP T AL POTHET QVUS aPTIHAN T4 AL LALA:: (MF6TI469° OIHET AaPSNM(
NP INCF D (G-PF LOTET TP AVUSS 19T om0 P SHAA ATICoR 1m-::
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Pw-y ooGC P 110 (LP29° (1P AN (168, P70 A PHELID- PTT (19PAF Al (TP 2T 1IN :

P05 18: (&L 1407 (Graben) 2@-7 én. P v-23

PO P NLLPTT ANANL AACA TAP 9718 APPT PP HPA: N Téh D 280ENA Nov 1 POV @+
BLPUE 0FG LH T 099010 avlAd P9 GF@<: P (PO (NF@< ATLTTD- PD-Y P71 T
ACS T NN AG LH QA AT NATSNE DPSREAE N90.0A aPACe OFHTE goyeEvTe P28 O-YPT
AG hRHT AaPAAN PO KNAT AT9AN ALCITA=RY TGT LNTT Pie ChahtSn® n8hEN L SHAT
N2t AS QN2 224 ARYE A28ATO- emeTIA: NHY O Ten169°F Gav3 R hong @Y hitén®
ekt O HeePTF nad- aoom?  ARASD- N9LTT AENGTT AL LnI°C POLAA: NTLICI° i
NAASD- A U-NTT 099777 O Pt NAAAL U2 £15A0: PHU Ot 9908 L9° hPen.av/,
(aogeayt AL, AAD- PO (POt (NTAP NOGT 18 P°LC PACA ATPOAPALT Nav 4P9° LGS0
NACAH P°CPT ALY ALLCH &TAA: QA1 NAFER AT fded O-AT P7LTT 1GNTT PATFD- Py

7 NA900 Naombd® SHAA A NGIOeP avgoa)t e,0AA =

V. (9L4PE AL Pav%t A TRAC 148

N0AF7 Aaot4 (1. Aha haw-¥7 hovs 15 huH IC PRI PFAPR AL ¥ A@-mF FL4PA:: hilUI°
I 1PBH IP04-6 Al Hn's PIICS A J07oP 1 Poogt AD-p AL PAD- 104 10PANTA : -

0L 19: &L 2048 P°LC 2NCS Aratvtorrt (oot AnSPIS ool 0147 AR PAD- AT

LV TGt N4 404 PLC AL PAD- PINCS ATANTP YT aPddt (19041 hmPPIPG Navet 1147 AL
PAD- FERT ATIOP L4 T 10 ATGE aP(lT N&-f 408G PPLC AL PAD- PICS AYaNvTar Tt
aN44et NG TS Parst AMPPIPS Pavet 1147 A0 AONFAPA:: O Tenlé TGk -9 4048 NFPF
PINCS A rantarrt (AL P80 70-0 400 M7 PL7 avarGavy Zr8hhvtA Parahdd: 90 027
147 h2007-2014 9.9° 162% $70.A:: (-FarAde (1levhy A 700 a0t 03P F AL (LT e+ r NPT
N60% +7940:: OtenI69® Nevhy A a0ttt 0 FPTF AL P14 PavqCP avI8t ®LavPA::
P10 PG NSNS N aPhy, 70-0 +4-A0TF AL LT AGPAT ACTH PULPE NFPF (1 74% AG (1 73% NPLI°
Tt 96 AATA:: AmPAA 042 408 NFPT AR P9NCS aPhé4-F +mThe Nerdmi: 94T
AMPPIG Novst 147 AL ADMT A28FR ALCAA: LU NNt (- 208 NFPTF ePLC 163
RINACET AL TEAT AT24MC PN70T PSA: QAP P0CS ATanterrt N9.0440F @+ NFPF
ATOOTaP PR (9PLC 107 AR PAFD- +XWT ATIDP av Pt PIPLC 103 av(lt £L41 TG 9184
ATRANT 7GR LANNA::

PP AD-PG PFAPR PoPL7 A PPIP ADMF A28 AL PI0- TP AD-] Povdd)py:: 2046 VP LEF73
746 ANTPANF PT5T DT ANEI DA -

P0G 20: 18- 724 £10-PLC TAPPEITS PG PP 2eAT

2V Tt (&L 984 (AT HaeGt oAt 010-9°8:C PTNCT @bt AL IPCIPC ALCAA:: NTGE avAlt
ACA av4t Hvt P90 £10-9°8C AN 10-:: AT OAVE ANCT hAavd-t TCTHI° PAD- ParmyG av(1 317
PaognavC A@O-MFT WAL PRTEM vt faomy avdiny AR (LPT hetd vsd Pae(3~+7 AD-T
FRP0FA:: 027 (147 AP0 NN F 300t APP1 PaoM AP HCTIP PAD- Pav(\F17 F2a94 17 hAAPYP::
PavG 40 av L T 1aPM7 APeRaP4 A4 TGk PALA:: AAD- aPNL.4P PTLPr O+ T10 770 0FPF NhCA
0Fi epEm 3G LT A FopPo- 2150 (LY TS ¢tanPa-t A@-TF (PTrE had- 29°9NG
PaG4e (Lt &AYF avgnavC DG FPLHD- favm- GFm-:: PIMC P7LCTT MLATS Aha P7700AN
RIPOPOI® A2LTD- PNIOT PT HTEA:: O THenT69° 7918 ACA NPT o044t A10-9°C AD-T
m7e PNIeT 10 MAMPAL (140 788 AL PAD- PAPT PhN4L.LC U5 TAP TedtS AL 0o1a 158
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10:: PONIEEIP 0avG L av RO F (PSTE 0340 avLF: PAGD: PRPEM (FPFGT 027 (FP T AL NG TG
U3 AP T0%4 8150

NTPELLTIP IB2-G ¥P A2C PECAN L AN PAL V-5 PFF POPIPAA : -

Pp2-G 21: (12-05 KO- £9780CP o} huae- (2012-2016)

PIIGNCE ALOLAR 0P TLEG PPERC 0L TR P AL TGH ASCITA:: P918048 TP NATELP @OT
ONHF aPeRaP47 AG NATLGPD- U1SE NGA PAD- APCOT NGAYT AL aPPRY avlBP T PaPh:: TGk
Pth%em- 1 2016 2.9° N2-f ANAN. ALP? P9180CLD- PP U-3F hAutoT DLEPT IC LPLGA:: 29180CP
APCOTHS © 2016 9.9° 0998040 ALOAP AS TRC 1P POPT ATHE avlEPT h35 08P TG -2 AhO(.
NTLTF v-0e9® aPHIE (LT NTLTTF ALOAR AFENTRA AS NRAG 0028 A PT TihA:: TTEP POV
T8N6PTT ATINTPOPS ATPAT PNCT AAT-PPTF TINEFFPFT 0Tt 12 ATU-9° P91 OCAFTG
NAANANGT PTLLTTPFDY PPITF P10 @I, P2 1F 10C:: APAN “I8NCPe NATH P90 hCST
ATLRAMD- S PA:: (1 2016 “9180468@- ANGPT PHAMOT A9The PO Nz 1407 C INCE
A28 TI8NCLD- ALTHS NALA AN QAT CPH PT@AYT PPD AETE 19900F: 1 (TR 1L AL PINLD- AT70L,
Po OnrFA 731 OC 10C:: 1IC 17 (Pivk &2 AhO(L Ph OLEPTF O-OT A%Tng Poo- (h7FA 463 NC
NG (P AN NN2 LH P9PAF ACA PAF@: MNGPT NF CF@- 9804007 LTLLATT AWAE
LAMFA:: ACH ALEE ANALLTFD 1M9I° PP F7 (1a°Pr P TG AT8ANTS (HenT149° avs I Fm-
nAg PN 9%aeM) LAA AT° OAPT “I80CLD RILTICEAITD LG10A:: MALAITFO-9® Ng
N§AIFFO- aot W19 T £G14-00:: NTRC 108 OO NANHTD: PH4PE LAY 71804 NANAND-
NTLTE 19&PT 0P (LA PP LANT QA (@R, +mPTLPT & 10C:: haem? NAL 718048
A°MNCS NO2PPTF AT 19&PTF APl NavPA A1vHS ACH ALCT Nhetd hag &aFm<y & I0C::
T8NSL NAACKL O-AT PACA P°CHT MNGHT L5 h19.089 ML TICT @-AT A% 10<:: TIC 17
Pa98042 7 ALAL NNG° (AN v-2F ALHhhA P9L10@-6 QFIm@- PU98NCP aomT ALPT M1-9PV44-PS 0l-
ICG aPLEPTT AL A& CT aPPT AANTF:: ACO ALCTT PAFAIIFD- T18NCP WL M 91241 AINCS
ATPE AL 1D-::
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1P PMPAN: 0L TI0E YHILT 12-9°267 NG (Grabens) 4937 A& e
(LPETAT LIPLE BF 5137 1044497 T0LPY 2017?

LhGn, H 1 22501 BA904 7 WO, 37 RLACAA 7PN 7 A AP P
2hen, M1 PLGo1 BATLLT PINCA L 2377 (LA BFPIP

I. it

A O0c-F HL? T0dT A6 TP8AG 56 TCehT T017% 197 (Graben TEAM) #7< il @&A 7T
TLIC APTLPING:: D17 (Graben) A7 aoidt: 56 £3% Provd A2 Hm-3 7707 77 (I A
(188477 (12 73 OFF7 W1 G07 A1 9°%7 0977 (A$? (12 Ft 017 A7PEC? wchil 18h D370
TGAT AR:: A, W96\ Al TP°ZAG MO0 At TCEEHT A1l 72026 17 P €97 bl I°04-5 2 o0 At?
ST TLGH[ hZC AN 7PTING, TPV hde:: Al DOM, AL TPEAE FnPNI° HND. G72F7 (156
DEICPE APREC HoPD AR::

Foos-e 1: TCEhT 1607 19° (Graben TEAM)

TEEhtT 407 19° (Graben” TEAM) (2013-2018) ANl 71 G2 A9GP AACKE (LTt 0FF7
“ag°r NAS7’ HChNl aothAfd/aveTlL 6N ATS&Pe WD 03 T T4t 104 HTACH A%:: AH O
MANLA MHCh 0T 03 QH/OHITI® A@m, NALT APCT P70 NPAN FIARL AR AHL
12-a04F a1 °COM W& L90.4 AR POt HINZ OWCEYT PuCt AR hafl héd 0T +hC hCa
TEAME AD-. H2A& ARE O, AL AN 9277 NIPCOch NGt HaPh LS G4C7 chCA HIPALE G ATPh (-
6271 W&ttt §8 9HhN0CT T8 T°UCTDT vt ©LAR heIP:: Al TATLT I°h LT a4 tT P18
19°hIOH Al a2t AmPPUTE §L AT A(4G T NC%T hCAT T Trdt NN HTPTED aog Gt JOLe-P
adhd T84 Ade:: At aZGHt avPA RLACAET AN LAZP HCh(: 27F 2z0CAL? A0 hfAh
LGt H b AR

PoOCG 2: &l P72 o4 L% %8 W& 87T (9P NAST HCh: 0FFT

HOO 1-057T (Grabens) HAf 7HA 79°ChN 8 AN%AT AT 607 AQTEY T A, av2G0T:

onit 03I her? Favg’T AAP:: AHAT 0T TRGA 384T NHTr 0k 0~ HHINO AP7::

OH, PR20T harL77 71077 AN, NHOCE D7 LAN A781G IPAA::

Al 04§ hivt HCHC h9PHAParm PG PG ava)\q, b7 0 FJ~T AHT HOOO AP7E

o A1 9°L4P Tt 407 (Graben) 990+ hg® 20A (1970& T10s 1710l VYHDG WA avhavit
HEANNT 23k NOLLT TIPLA avlrt Wit AH@ TIPLT avlt ATITE NIPEANC AMCH, 44T W'k
N0t 02T ATeRE 9108 77108 2 NRL:: NTICT AL 13 cht: HOLL. TIPLT avlt 1\tdave4
AT N7&@-P THAA A5 NA0% WA §& A0 AL TéF 162 AN £97 2A9° A°L NN Hh.
echt:: A7 WIAT il AdA, NNHDLL LAN HTALST AP7::

o Al A7 A9°T NAS HCOA 20T NPGrE héA N0 HTT P04 AC AADT:: NEI™E Aot PS L HGN
OF 7 WPFR@T DO & T7 A0 QAL HGN B0 AR

o AP9° &0 Nl &84T T (DL 03T TA%LAI G0 INIAT NIPFAN AN TIANA AT 1NIAT S8
060e9® HT'F héAT BACH:: aPNHMAEATC 40T AOFT INIAT SOk il 2VIN aP@Qh, hoFI°
&0 &7 19 hAc R0 ANOTY, H1LEL W

o hao @i NPTt GC (-7 ATTT Aov PAN (RAIP) Hovl ATHFNOT G0 AN%GAT AT 0IAT
GILAPL/(7 havg: (Cambisols) HAYA AR:: NAmPAA, 44T AOH T NCHE 03I Hie TICLF
G0t hav®: hIPY HOHch/158, havrf: (Leptosols) At HOHh A%::
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o (MHch. VHIL? AQ1R9° 0 F2+F 059t N9+ 650000 AOT £104:1 697 ALY 8-0-F A(14-G - AAPIO: :
ANHAT MO NPT ATPACET TOCTT THEAE DAL, £ HhD ACITT 94-C57 HHLAT:
2Cht:: G0 RIPACTT ToCTT ACTPT THLAVE hCA HOIhELE APFO@T G0 94CT +HHAE NI°CAA
K700 LT hLG::

o 147 a&AIGL T 1NINT 20607 PPNE-FPPT 0Tt 0FFT NA0ET BPEMT NHOLS W TR0 het?
WNINT V7 NPGTE G hCA OF T A7 N19°04-0P 0Tk 0 FJF G0 avdt LT FOLATT (éecht:
AAH AL Tl 047 L1 (FAA) AAPIP::

II. A0 MCH A7 0Tk 0324 0927 AT0EL (OFRT 0RGotT)

AL hEA AL A7 (12 Tt 7288 €79 (101 Mot 18597 Wi FPEGotIT 7 TdT WL AR::
Al OFF7 8117 e HAYA 2F7 A7PEC HChONT her? 77 €97 hiA? (1 fit AFF7T 7490
S A17 27 HLOA? AP?:: 0 DOLIT L1 Al B& 29417 NCTTHT 03 Al 92024 3
FPTI M Adtor:

P04 3: it WLt 19 A 8§ 28417 NCht? 03I+

N0t 03t Atese t0 2000 T AdA. A&, Ohé TAdA. HAD. §@ PNLP hedP 0FF~F 50
NLATE WND7 OFAT &b hi: ALAI® 0F2t AQ Deidt L1 oot 79°0C +avl &t 02
AP9P:: (H, PR AN ATRGP héd AFeXP HC: addt AT 20T aoZGht 1042 hHATCDY
03 4987 (4550 % AOA. A%, Ochd)E 10T Ak 0§ (4277 T4HC)7T 103t d.brch A9P0 (3939
TLHCE) hEIP:: AHAI® W0 G FLI° NI 04L& NS, 14&T aPL8hS Hehit APIP:: G 4937 A¥ T
HCA, AOAPL héd-A AT 03 AT COG AGATE §& aP84Ich 4L hGaPINg® WG A ADh 4L
NPHING At aPRGoE 2CAL:: hal Tl AN AASRE 10T RTATE §8 aP84Dch (48 AGaP109° G2
ToOP02 (Pleistocene) AN@<h 04L& h9PHING HLIMR dXGoE ARINGT:: At NJ aoZGot Wt 68
a@BAF[GL PLAO IH KADch 0148 N HH a0 T4 62 6 °C o7 @A'T v P+ +20LN Ade:: (IH.
a6 ot G0 ANhS F N2A, 190G NANAL F 7307 ATATTE 023 0N &Ch1:: 1. 58 NJJ+T L1977
Ahch@ 27 1l 3200-3700 7%+ 1T AQHAPLI® 0 F - &Chr(1:: PARGS a°nt av P+ ZrF@NT G0 Arf
+hA. NP, aoparC 1T AOATIZ:: NS 084 T (Tropical) HCh(: 20FF AAe%P G0 hoP
avp\ao(; ao-(1$9, 168 LF AN AL AF@-1t (anthropo-zoogenic) HtavhlAt he:: TR’ 97 ANHthAQ
iHoEFF oMy a>F+ kot PG @AY, aoOaC ao-NFG, AgP hR:: AAH, §& L1, W0t PPTITPT, A%+ aPhAC
G0 HINLA DY FF 19PIPAQ G0 avLt JOh e MPT, he::

A7 (0T OF 107 ATATE T0177 (Grabens) ,echa Af?:: 2411yl haldP: Aif27% T70,@% Atl?
WPPG APh:: A1 %025 4 AILA? WO1IT lide hsF7 T ATPL PFAA Rk 7P Ade:

o064t §& 1Beh “IH P(¥chA1 ool PAL KT

N&ETIHT O<he HtmePar LAN XG5Ot NG AN T4AAT T1%eh °IH HINE PFchAdh 96T NEAT
S1MC:: AL NI°C/RA ONA. A% HOAGTE G0 PAL AOTT Hak &4 904t THHONT I HINL bt
Io(t-chA° havl: AT N9°910C aP% GOt ARG AAG:: Al &9 avst G0 Widt it PAL HCN- $LI°
A% HALI® LAAT IPCIPC 180G ANG:: NTOAT. Al @Am. Ak PAL Al Hie LAA §© AChTT 6£avT
7251 180G A0G:: (HE a0t AL PAL AOA TOA LAA HINZA °IH NHEAT hAAST AG:: AlES L7
Al 400 AT Ak HANL 9°TchAch aP&t avhH NIPHINE NAT 124G Ade:: Al HhAd &CE hdd
Havy @8, Novt AD-m. It &4 avet W15 N8 hAAS ANG:: G0 APC €877 A aomeP7
FMEIPGDT W4 1RG KNG : O-Fht T3 1A, TPav-Ah At €914 a0t T A PAL HHI0L 175 0L:ap

LANT £MG09° A%:: il 1970 £91.4 68 PO-AR Irid T QAN £LAL 184 A% (. °IH AV PAL
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Ak HANP LAN AP TMé-kaP 1051 A LA “IH 17 NN PPO-0H 1147 L1 (FAA) +40at A0t
PAL Al AdA, HChN RAN P (Hihhbe Heh T b haP @ hf::

A1 T2 ATt ACHT AFT et A1 (12 B2 84417 15,8 P (ALC 1P70m- Ad=::

P°OCG 5: OWC%YT AT ek k0l 0C0TY R8T 0FFL &

AN NCTt 03T 97 A& P 33% TN avdt THERE MCA DR ATIATA 2CNAN:: AL avet
NPSrE G2 OCYT At HEh PRI GL V1C NPA FAMT T MBI (VHACH ATATL AP HFLchH AR::
At Hoe ACo%T AT Héht NNCH 19°P9977 o0 Gav 3@ aom? HGN HAP Ch0? N9°CSA A0 NSk
O3t A7 AR Hie 1904 OACYF heft Hé-At ITHO 9°Ch-0 TRAN AS:: AHE T9°CAA §L000T°
10ch. OFt: PPUCET TILT MATT HAPI® havfit Heht 40 AAG:: ALAIPDF hiC 0-21 Heht:
(ACAOT ®lh)E aPLNG hLC 0-LF Hi-ht: (hav<tit OCh)F 0T 19 0-&F Hé-wt: (1801 OCH.)?
1Rch 0-L7F Hedvk: (FAYTE OCA)7TE 1Rk A 0-8F Hé-ht: (AACT OCAh.) Ae9°:: aPHMTAT® GLALC
0-2F Hewt: Al ArPC 2919 ATHFCOE 1Bh 0-&F ekt £91 ANl @O, A77C (2070) echlr:: G2
10ch, @Ft PPUCE &9 00 ATRTE P00 G0 LAAR P00 ASONT L TRL:: Al AL ACHT Mkt
Nt G TIPLT PPUCT: NALAAL 16T LAPOT:: (FOATL ACST INAT etk 9°0 G2 GaP P AD-(.

M7 HG( LAPDT:: AL NP0 07T NLLE T4007 hANYTANT ACHT MKt Heht AD-.
PCAL h%I AO-A aoM7 UG ATF/AQ. 19 OFT: PPUCE hude &10C::

A3 (12 Tt AFF7 £P (107 F5Fch Tl LPTPMNT LLI° APIP:: TNHL 1%t €77 I262-5 6 oM
A1 ,PAC AT377 hLA? WAL Tt 7281 ALC APTm- Ade::

PO 6: 704 Wl HR T e HF oA G0 “10CTTE A0l hO(L AT A0 07DT o0&+ HAP KOrF

AN DAL PAL ANTT THAAS 100 Good+ GG 008t NFAL ACTHT 08T Al PP chaAdh have: HAP 1L
ChS hAG:: G0 A2C &7 PO aomLP T +mPI°S A0 NGA. °IH HINC FehHF 0%t APT PG AAG:: AFI°
H104 HaoGF L@-8A NNOT), HEHATPE. it 0ot 18,097 Tart AN ROt ool L LEHTIT

14 Zh3C Akt LO-%ATD7 NlA TA0A. GO-R. avlt 124-P90:: 11C 17 vl 50 7AdA. W O8It
goyI° avt RRINEIP T G AAMT JPAhKH 790 8avCe 9IH G2 avsrt WG 719°90C °hg 184 TR’k
9G A9 HET17 9104 NEFA HENE AR 18411 AL ALNFL "ht @ATE TIC NAYICTH 4.1 P9 R OLN
NALA” A% e THAM:: (H, IURTIT £97 WeR9° G2 PRIP A.-8AT GNLL: TchHFIT av&t heht A NP
AN@:: YOHAT 11990 4/9° OO ALK aPTIhRR, ThHt oot 18410 0ATTA h&h& hinFe (8
ne2LAL) 7104 TehHf VAL °90C AR ALch @7 hLAL GL vt P FRAA, 1104 18411 A%0 HhY
08,0 avL @< 10411 T avRIP PNCR 18I0 TIC 17 AR AM-T 18C9°:: (K. TiH. A% T A0 EOT
aohd, 104 90% Wk Attt hdt AAOT CATT &hCh APIP:: Al ATPXL A HhAd 20 Gavt
@A, PPUCT hCA MHAGA aoM7 ASOAT 0Pk Ade:: AHS D7 9°0 §8 a0l IOhLe- PIPhLTE 2008
2% T PLYrE a7 Al AMCA HAI0G ATO0TFa 73T HtlechH A% (FOANDF G0 9o 7 avit

PIO(OHMNERI® OBt HEMGTET HFEAALT 9°0 "HTE HEAA AMCA"” HT1%9EL OCYT hCA ThTrFie 080

LOPI° Ade:: Al a7 AN 7 OTLOT-AART TIANCE ACATT @000 BT Chl Ade:: 7904
Tt oot vk 206 R4 Ade:: At oot AMOT, TAOTT A% AR bt RO ©47

(matrix vegetation) 7hguA@. &10C:: (T ALOPt bl hCH DA, (T2 hdA OLA vk “lH)
PLAPIC AR:: APt AhCAT 140 AaPL AHS O T Ade::

IIL. 9°%en, 9927 LAAT WO 2847 0Tk 0F

HPIP PG oAl 88417 (1 17 07 A0 7 Fchi-? RA=IP A2 aPZ5011 ANBLRIP AddL::
76 L% (M1 AE AFDpi A1 212 FF1 WP ADm. GDR ABI° AAP97:: (I, FP T %P1 D7 56 ADn,
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042 .85 (100 T) N1TAL LLAL Ate:: TPADPT Wi T APC h 2597256 180T AN? A1, h9A HAP

TG4 NPT DEA AMHHPPSH A1 147 L5 (1 HAFP) HAe AD-q), PFIA:: T°026 TD-Gf AP0
A@- 71 (192 1 AN T O16Bb, 81 h&C A 72547 BUN5:

POGG T2 kel (ST 0334 48 AD-q. 47 217 FRAFF 676047 (Wl 1972 ha 2014 a/9)

A0l 29417 NCRET 0FFF ¢-f AN @<Gm. 1972 han 2014 9/9° 1H, Hid AP, (147 aost avl8h D
0N 0837 a0 ATLAT AFALT PN OALT 19°1.9PF AAG:: ANt DAL PAT0 aPstT TPATPAIT PLA.
AAHINZ 7I°PAIPA® RN 016t T Trdt FPLOP 1841 AFI° PG PG He-wt: HRAIT 012107

AN OgF NHHING PRGHT TP FLAMI° had.:: b 1972 han 2014 4/9° (H+evHIN AD-m.
047 a°&T G2 AhCA oot hGP10 ATTHHLL: (nl 60% 5N 35%) 047 FhdIT 0762t @' (h 33%
Gl 53%) AGAI® AAQL:: L {90 FPATCPATC TriT AT Ak DA A0t hA0L NOHA NHFAM-
Hetet: FRAST 0T6n21 2 (TANTE FhO0E 4097 haP?) haeATivit 9°Can FRAST HD'r Héhh
(241177 0027 (007 647) AOAT OALI® eChlt:: AN NZR L 0F2T AOAT OALI HiING LTH9°
Havg-[HAIPATP Hé-ik: TRAIT 0768k Ol 1A& 73T a0 (ch 19Ph MAAI® AAAL: : Al L7 (Lt
NCOELS T Téch O 2CNM:: AAH A0 BT 17 hAPT 07 (ALTE THOTIT 19°I°RK) NFAL

A & NCTeE 032 20O TidA (Nl AATTIM -l 2020 Eo1.4 WA COLT) F Tt 99900 080, AR::
A1 aP®{A T 19, hHS aZAG TCAP FAAFT TPLO Ade::

LS hl TB5 W%t 11P7°m AP, 19762 At ADm, (17 7247 I°VAD.F I°H]5-F HIAZ T°L5AT
A1 T%5 (7 1705 Ade::.

P0G 8: b ol PPhPL TACACI® HING- T40AT PO A& (7L7 AATKE

Al PPOCOR ARLE 1907 AAEL HCOO: 404t A a04.cP 1980 NIVATEF P00 AN (L)
TSR FPACAC +FALP ANHING AT H &9 26F HAPT® WAl AHO-h ACACT HOLS. Gt

TehgeAr(scars) F4me?® HiNe: hhr hAd AP HTN ANMHHIWT APSTE AP9° F40AT (HF°
TehI°H T AHLAT® ALK H7LNFPRT AdT1D-TT OALH GTOPI° AN 928 &£ HCh: 4L T o117

N§AL &9 Nrha7 AATIM LOCH 1290 AT H, (Wt vk PCOFTT & hCA 07 29D
18.C9°:: NPk &9 MeOF OLANT AMNAITT LMGh 18411 TH, A19°°H, 19°¢Fch -l av4.CP 19801
HHEAAR G  TEPC PhPL Oéchl: AT NOCh LA NFAL 97 AHI° AHEI® HHACHE
T4AAT FhHLAI R1hI°T AAALT: : NIPOD-Z AT G HIP RAOCHT &0 aoMmy Aol (A& PTF) T&49° T4-0AT
ho-0h hade A% AR aPIShT H, 918 §2-A9° AIHI° +4-0AF HH¥P% HHEANR T8 HATE TOhPL Oé-chk:
Al °7he IPACAC +H4TeP Y&t TIPRGTh WAL hha<? hie T1H, 79°heL: £97 20 HH4.ANP a°m?
NGTT FhHP A7 (AEPT) HAPI® +400F 4a028U Al ch&eh 400 HAQ. A A¥@+ch ACACI°
HDLS GOt +hgPHH(scars) 9°0 AN 19000 400 Hee aom? $TAPeT AN (Normalized
Difference Vegetation Index) 19°@-&4C7 AN &l T400 §& HAQ. $03T Al G hT OI°P 17
PCT7 NHCA® AD-PI 17 aom? 00t LGTASTT (IPOHANT HEALL aPZGot he:: @-XhAd At aPiGHt:
NIPHCAL &91 A P° ANHY T4O0AT AlLkT T ¥4 Oddhl °hPL T4.2C POFI° AOH. DA HH¥P4
NART FaPAONT ol NOBALSE NA@L Al AHE AR.C hOYA HAA 1LH (30 Govd~t) evfri7he-R WD
IOMPL TP NIPHIPTAT NIP DT A &T9 N§AL &9 9N P9 Li avMT Aol (L1)API° ha(l av4.CP
1980+ NOdch HLAR TG Gt +ehgPH-H(scars) NHEh AN+7T AHP? 196 H8S +4-nat (with slope
gradient >60%) AHE9° $LAIPT hDLIT AE9:: AHOATH, £ OA) §& A (1) ORI 440t
HO-cht THING O<hE 7 G084 £GTAT WP AAHINE ARI° $03F 10097 Go1.59°7 DIPh £ hbgP
APLI° ALAT° G0 DATT AOA AT TaP PEACI® HING 03T T AL +aPA NI°:: (IH, POl At G0 T4.7C
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PP Ni-cht: NFEAL £97 ANRI° AN hE. HEADL 40T +MG s ThPXAT At AR ADP9P
HAQL T4-04F HANG HAL AAPIT L7 ThPZaT FAN::

Ll Wt AD, 1147 7287 (TP Pl 1147 £5) I°P511 DB havlife 996469 APTLm-AG hde: :
P0LF 9: PRI AWTLNF D17 Ad0ID-TT D-hBT KRl TPOLNE KALS (190 AAT5P

Al OZSHEH, 1RI° Al P60 4937 AACKP HCh(E +40AT TPHPL ANl hAhe av4CP 198071
HT¥0% HHLANR §8 TATC Y6 IohPL Ol-cht: MG HaPR JI°RLET aPm? AN (L1)A(l aom’Y
A9 AOHI® +40AT AHATC G FATA - HO-chit H10G ATRNFP D-hB NI AD-M, TI°XGH HT¥PL
IOCICC A3 TH. OATTH, 897 A0l 11 +4-0at 332 68 @-h: vt A0 Aadt H0d-tat Gao -+ (2012—
2014) Ha+?s hTh@<7 AT AdAAL aPmT M.hEF Al avF) hRg° T, avRSoE: Htavl . T4aat &9
N9oM7 A7 M7 HGNT HHEANR 714 0P ACET AtT H400TF FPD-L8C 717150 OAF
GoH. a®1Ght: hH. NIPHCAD &7 P9 ANHT 11 t40at Y04 il IOhPL T4 PC 1 aPm? Ao14-
(8%) 917 40T AN NI°HIPAPRTE IP°A IPI°h L0 o1 aPm7 A%ld-(l (81) £91 APJI° Al avPavCP
a4.P 19801  NORI° +40AT HOhi HING YIL0FDF ROID-FT O-hET Wb A0l MMTA &£ ANl
ANAD7 TPF @7 HAANL 0104 hLIFTT AHR NIPHPINT 02.091%:: (H. 04T £ hef9° hneg. HATch

Qe FA.PC Y&t PPPL Oécht: NFAL £:7 I°hHA API° WA (hE, RANBI® HEADS +4AAT +mSTLETP
P 7AN::

411 ASATT? 88413 (12 Bt AF T At Dhe At Hie oLl AP A1 AP ALHED:: MDA 297
WU CAA A1V ?F ATDE 20T 254 L THL.E AP:: A0 AL €77 A1 92045 10 +P79m- Adte::.

0§ 10: LAA AhTT? A0 A4 84417 NS T 10T

(Hch. HAPI® NOYP LANT Al £LP IPLC-P PCA. a2t LCNM AIP:: OATT AH, aP&GH 914-(17 HAOL '
0F 2 Hoe KA/l HOHch RAN LAN HCOhAT Al G0¢ HAREC &OPF7 19°CTIC 22 HCch 1407
AN WA 0FF7F HCDN hedt HOHAh AN LAAT AH. AN SN HAON Ad0LTT T9°CAL TN ACH:
PANTT ATALTT ZdvdP aPMPP T Al TPIL DG hR: Al aPXGoE NIPHANCE et HOHA AN LAA
Al a2 1NN, AR&41T Réch Tt PL héA 1607 A3G TTTPCT h9PHEMC Parhht: NIk AD-7 *
M7 A& AT Nt HOHh RAA LAA I°0 FAGA 718 OhH, 40 P3P WD HIPLG h9° HAP hD<7 A
Lt 0Ch N TOATLITIRAAL a°? FehHf edet HOHA AN AN ) 9407 h9P1 T¢- (0.08 T1.AP7

@3) Al 9107 RA9° h9P1 (0.75 “LALT 92°) h9PHA. PLLAhx aPAdA.: PoNGchéch Tedt HOHA
RAA RAA A R FPL hdA 1407 HCDA §& hCA (0 F 1@<h S hodPAP IPHTNC L17HA:= T13%4
et HOHch RAA LAA DA, 970, LADPPT Aav+) havl: £LP4T (1HAT 69°$T7 HAP TIL NGO 9oL
NOBC L1014 Al NP0 ANl 3G AFPC N0 HCA: UGNGT ATRTI9Ty, WD 600F MCAP F°UCT
TIOGLL, TAVC POl LT 10T WHE AT, A

API? A ¢OFT Q1117 (1L Bt (1771 S8 CAN SI1F 7027 hHIP LDCHE. APIP:: IPBLG A
AL 077 IOIPNA AN CANCAT ¢OFF P WL TPRGOT cdhdt Ate::

05§ 11: PPIPAR LAA SALAT 40T &8

MW\ &P Al DATONT A2E N7TC 0787 AR @, HChA bR N PC WHALA FTedt HAh:
G021 $-0 3t HohH A%z AHI® 40T AR FP0GA VI &-f 0l AHEI° Nk 0 FFF TA%GLAT® He.(
ATFTE NS0 AQ HOHAN ©Pt KHS Hch LAN hHI® LOCS: A(H. APT AW A0 §&AI° 03T
xR HCDE LALAT LANT® 18.69° Schrg:: H. PPN AHT LALAT TNROAM. AHT HG HOHAIP
O-FEFt 90 hdg THI® HGN HOHAP® O+ AP A7FIAA NG90 hivt I O DA AN, LAA
QL PPN Néch B0Gchi TIC U7 Al 2916 KHI° SALAT HOSN oMy LA N NHA TPNIET 27T L
PPN+ AT\ XG0T AAHPA TH. 79°FAT £ A\, aPX GO YIPCAL e hde: AR, 05Ot g°HIPA T
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NPt AN HCP API° LALAT Hie ne4. L&hst 918 (hydraulic process) 9°h72et Al Lad h9°HANA
PCA.= NPPh AD<7 GLAI° SALAT PXON h9° GNQ °N2eT her FL T GoAI° LALAT AGHT
ORGP GR4E0FT NGhT RN AL HIAG PR PRI GOPP LALAT HEAN 718 LenS1P AP
A HP Havp AN Al A6 ARIP LALAT ThTCE £9LL: TTNC NHNA @At PavC PA WrHHe+HIH
Ge L1 047 A@-7 G2 Odx DY AL AAP: OAH. AH. aPXGoE DIPHCAS (1) TeA9° LALAT & ht
ANHHTAA a7 (024, AHEMN PANGY) ATHTAN P0E GRAI° ¢OFT AgdhT 7104 DeTI° AT HHY16E
(2) A029° +40AT Hiwe 1147 87 h@<7 h@-0h N9°0C il AdA, FhL.0: Horgh LAA °PGH Lhad: (3)
AHG® 4Ot FEPCAE NP Hhied® The T NG Oéchl: PO @-hE AAHAQ7 T84
a0 Thr AAHIC Hie FTCAR 129, F19° HTrkAd® hdte ATHFHANCT A ADAPL héd AHIP
G0 fav 90 Aav 7 T (NFht AT HOGh Hhll @-Zh ot heh-(l Shad Af:

IV. 28 909+ (Grabens) 41941 hA? &£

WEZA 1D-Ff T4 Al Y51 7L 3 TP 3 20347 At? 92057 (the Grabens) azigt 7842 G+
DA PPEGOLAT AP D ANP:: IP02G T BT 1HE0 70 TH HAPDar P9t ¢07F &
PCAL Afe::

90-F 12: °0 IH HAPD M MIPHTIHF &0 T &0

G0 F I G- 0l NIPOEA A%t HNIA -8 NHA AHR: 3847 16NT 0 FA%N NEAMSG GO %T9P
HRT NI -9 Lhk@: IH, I°NTEF AHI® 0TI &0 Al INIA &-f Odch 1147 NF RAPIP: IPOH,
F8chdilt AHI® $0FFF HUAPI® QUS D-hit (LIHA GO OFNTT TO-hTT RAT ADq. PChR:
THUALP PNt A<M, T0ht7 OAFATT £97 MM AAHSEAT TH, HOO Tt NIPNC +RL0~:
@-&h At hH, XG5Ot NIPHaPA R NPSTE G2 ANPT +40AT Qe AT DAL P70 P 0 heAT FhAN
Ate: Ta - ha 57% HA@<7 10kt 66% HHO-7 AN HAGTP A&t 00617 Hoh AD-m. NGLAI°

t400F AFhT HOA7 A% ATOATL AHHI0L 250t 0l 1978 4.9° B9 147 L1 (FHA) AoAh
o0 'r LaPARTE Al TIRTA ADT G2 PPO-ART PPPGOT it PCA: QAN 1147 L1 A 107 (EhTT
HeGoAP &orE NIPHALI® T9°CAA hAAG:E AW NP0 T A20T A0 Ot hCA HAPI® KO
TPRA(T N 12.CND<7 G0-E (1A aPI0C 19PN Al HANC Olch FPLhT (40P <140) avdrt
Al HOlchte APT A OVRI° +40AT 03T FTedt HI0E ArHFDRE Fehif AHI® ¢0FJ17 G2 JPoGm-
i F °PGh hIPHNAA AH. P& GOt PaPA Tt

TOHEGE T AN B0 751 798 AN HEIPP her W1 TAN bt 722847 29°ChA 21104 208
hPoo775 AL 2hA &7

P05 13: Y&k 718 14-07% (Graben) A019A

PGS TOAT, PUCE ILE A @07 bt 190 H7avav avget (914-07) T8 AIP%t hGe-T hedP::
7 SRIPNCE ATATI9IR T Y&t 918 Al 1607 HC: hA& ATPCHT 1987 AAEP AN TAI®?
I°hLeT AHIP Y&t Hie “1THN W39 H&A ALNT7:: 6ATY AH, oPXGot:  A19° avlSh T A HAP bt
AD7 APTRTE A 07 A9PL T6- AN%A Hie aom? 998 190 10411 aom? HG NIAK aPlShT
RN T0ANT Gar -t (2015-2017) avAchF apAhG, aon? HG) (&7LE) A@<7 FTLAG AS: oPmy
UGN +PLLE NCET AAD-P:: AH, £91 PAMG PchH, @L JPOAPAP 712, 1P 19, OAH, N1t ALE G
FtPL hdA 107 ANGA  LI°Cchz AH, OAH, 718 (100 ThANL ALl G TRARA 400G LHCE:
MFOATLE IHch 71 NV A-AVAYF G0 DAL APC LIPAN:: (1hEA A K AN, 14077 AI°L T¢- 36%
Pehl. 778 A0 R PR WA bt 107 46T Shk: AAH HHPLL FOhLs- 7187 havl Al 91607 AN%A
92, Thuik: ©chelHs:

411 41194 HAe AD-11, 78- 9268 411 9P%04-6 14 +P79 - Ade: :
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P0G 14: PPADPT 12 0%t Al 2\N2\ hN1%A

AH. aXGhE Al 12 a4t 1NN AN%A TAOA. AANT GACT GavdT THING PPAD-PT AnSPTTT 11477
vt Al aPPPC hbTIgM avgt HINE XOTE T T4 184 HEALL AR:: N1aPAlT Al aPXGHT: FchiOL
a7y G0 avi14 PG 1aPMT OLNYP:: (11Aé NG et EPEMT 0L a7 G POFGH aomT hiy®
HCA® it av2S ot PCAL:: NP AdN- G oot EpEm A0 1984 4.9° HINCE 51% 1147 AN 2018 %.9° 60
38.9% m4%-:: 1tarad), av8, & avgt Al 1984 4.9° HINE 27% 147 avét AN 2018 %.9° o
22.3% 1l SLHAT M7 IONILH T NG PAME @Ah NHch. UHLT 1A AN AL AL +ahNh °70C7
no° "'k At a0 Got: havAt:: @A FchéAQ vt 68 av 14 avdty Al 14 a6t TNIA A N%A A0~
PONTF7T ONH Avte:: 10 F0kde AR PZGhE avE0E DAART NALLPT AN Fheé-AL avdtT G8 avi(14
av g HCh Hoe PPOFchdch 2N% T4t hule D9° HAOA PaeARit:: O-H. oA, he<. °tahh
avf.t NHTOLN avAhdT NPT haNC n9° HAP Al aoXG ot PAhan::

IG5 HICT Aot 411 84 Hide A1 7987 @O, he1? UUIC Zh 2 PeAT Ade::

P0G 15: 19187 avYR, avst T HONC T74. Al 70T HA

AH, a2ZGo Tt A A9%7 AAeLP HChA 2070 AT hA(LAT Hie hes, 0PI P i Ph AOTT AThAST
(Transhumance) &0 “W0&R7 A1 ANALLT? HAP Ko7 WI°XGH HHINL OGO he:: Gt aPXGoE
@A  hg° Hovahf A0 1020 AT hO(LAT Hoe @PF2 P°rP020 A0FT 2204 (Transhumance) A0
a7y I0CE &% #47 T TP, 179 ATrkde AR:: Ak P90 179 1O 0% PPETLPA MLAANT FPD-{IP
04.C L A0FT AL Tie:: Al HOLAP ALC Lt ANTT Al ARG PECFT HHI0Z AV 0147 AXPT h9P
HAA(OE AL HOLAP (4L Lt ANTT Al ARL& PE¢-T7 Hive 1147 AXPT O A%:: ¢74, °h720+ @ah
Hoe 047 AXPT 0% A HOLav av72C HINL §8 A-NT AT0AT AP, AN HP107T7 Al AALE PECT HThAA
Q@ chHAt: 37 NIk AALT (\e-dhrl: OPO ha 7 1077 hE9P:: AH, aP(LeF 1PN C AR 77007 a0 ¥ vk
hAA? 9°0 0PI 1P PO AOHT At (Transhumance) +J-hd HI® Havg: s+t thdt hvae
ng° HAPI® AH. o Got: OhAANA:: AH, OFOAN, h%G HAPTT HAL I°hLl- 18 a6t IPCOIXT mTe
AT HAP hA NI°I°0L-TT A140 I° HDT AH, aPZGoE LhAIC:: Al PD{AS hFI° HoPav 1% It
PPhAL IO0 G0N Lt 47T avicht: 12T T NIPUFL chL ATFRANL 1783 °@-8A I HEAL Al aP&G ot
PavA Rt

117240, TPARD- Y51 798 2070 D3 A %025 HCT B4.071 1 P70m- Ade::
o0 16: Y&k 718 1612 (Graben) &9

PPPMT S0 T APTOT MCA 998 ASNCT0 HNLL HAe AR:: 0ATY AH. aP&GHt Al 1607 ANI° A9PL
&7 hOVTTT HCR(: 927 798 N1 RZ4 TIPPTIT Af:: aom? HG WA avl8h T T9°h00 1AM Gav T
(2015-2017) avaCend~t apAh%, aom? HGN (&78) h@7 FIAG AS: NFOATLE il O-hE: HLON
NAYH 7900 18T A0e-E OhHE 03T +]289° A9P: IFaPAAA: aPn? 778 ARI° (F I T9°0Ah
me, 19NN AT @O PchH. @187 ANLT havli ap\hG, MWCHT hidT APCT ThamPPol avit HING-
avl8hF I 7 n9° MGG heTI° AIALNI: At aPZGot h9° HhOE a°m? UG +PLLE AUCET
AND-P: hH, £97 PAME Pchll. L F°0APAP 712 NP7, OAH, ALK G0 FchtPL hdd 1607 PI°Ceh:
NTOANE NaPIXC Ga0 3P TIATAL aom? PehH. ArPHLA NIPRIET 00 A& POAH 712 HUM ANChR7
NN FAFATIL HOHh PhH. AAP: G0 FchtPL hdA &P 91407 vl Ho<chH ha(. 40% @-hH, 772
NavthANd AL O STCE: A 91407 RAI° A9PL -IHGN bl Hah Gav @ aomy @72 ha(. 77%
HAO<7 Nt QY66 (H, P70 TTA AL Gav P PhH, @L &0F 718 607 607 e-0T hNT17 NPLIP
(9N 16%7 33%7 A% AAHDT YLt avdt 91409 HChA 998 12 av& T Ch ave T N9(h
+meIPn HAR €nOP 00T 79°PA Uk PAOSA NONC 210k @-ZAT AH, aP&Got AN AnPPTT
Y&t T4APE Uk WD TAICT IOhLLT A4 hIPH T P17HA =
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Kiilbati Ethiopiah Garben (Graben) baaxoo lee ummata kee baaxoo Gon

Biyaxgilign Demisee, Gan Nisen kee Tesfaalem Gebreyohans

1. Baaxoo-Kusaaq (Geography) Department 7 Mekele Jaamiqat 7 Ethiopia

2. Geograffii Barritoh Department 7 Gent Jaamiqgat 7 Belgeyem

I. Culma

Takiitab labataana kee inki fotiima luk Garben butta (Graben TEAM) Proojektil gytimteh taan
kusaaqgite ele tunkutubeh tan . Garbe jarmanak getimtee gaangara kinuk qaalelii maaroh
edeyaan fidiin booxaa eyanaam kinii. Kitaabak ta exaal uxux .... Inikhayto fotiimal taan

namahytoo footiima kusaq elle yeke baxooh caalad yabta
Makra 1: Garben (Graben TEAM) proojekt

Garben butta Awroobah L.L 2013-2018 kilbaati Ethiopiak fayaa le taan baxoo kee fidiin baxooh
fanal gytimtam kinuk Ethiopialh dadala kaxxam ede antifiquk sugtee.le Taa baxool baxabaxsa
yan giino milaagi elesuge kinuk Dacaayro ,bugreq kee garaab daayroo dinaa ele taan. Taa
baxool taan ummatah fanad biceeway saqii gayso kee kallah taan taagabiteh taagah sugeem
tammixigee.Mekele Jaamigaat beljemil gytimtah taan katolik jaamigaatk GENT kee LUVAN
digsitaa taan jaamigatite luk tama baxol kuasaga abte.

Makra 2: Ethipiak gallela kee booxa fanad geytimtah taan baaxoo

Garben kusaagah Abgalla, yakalla ,Raya kee Casheng doornee. Qallela kee daqorti tasgaleemih
taagah weeqii mango.

Balaage ele askatuk gytima.

Baaxoo: Garben eyanam gubaal afah gexxah tan xaayit kee kaxxa gallelak tunkulukee baxoo
eyanaam Kinii. Cellaloh, Abgaala intaaloo Xaa ,Rayak kootebe daata xaa tonaah booxa
ballagek kibimteeh tan baxoo kinni.

Refty valy: edexayeh tan baxoo mangih sacra kinuk roob saanat inki wak raada, Raya
wagitenee kaa tekek sanatad nama wak raada.Faya lee baxool radah yan roobih wegaayti kaxaa
dagoorwa

Yaklukee.

Ballage: Raya kee cassengel data ballage, abgaalla kee kaalal burahin ballage geytimtaa.

Ummataa gadad: Taa kusaq elee yeke baxool 650000 takeh tan ummata ele taan ,Raya kee

32



Cashengel amara kee Tigray ummata getimta kadu Orroomo kee Qafar yas galee mari ele
gytima. Tiray kee oroomo darqii kee garab darqiih xiinii kaadu Qafar dacayro xiinah taan.
Baxoo: Ayroo culmaa kee Ayroo mawqad tan baxoo gaysoo le, Ayroo culmaak fayale baaxoo

kadu mango coox ele tabuke.

Il. Kilbati Ethiopiak gallelaa kee faya le baaxool geytimeh yan

kusaaq

Taa footmal qgallela kee fayale baxool yekeh yan kussaga wagita.Taa baxoo ethiopiak kaxaa

qgalleli elle geytima baaxoo kinuk gallelak obay yan weqii raamma lee baxooh lee raeena yake.
Makra 3: Qallela kee faya le baaxoh silayti caalat

Ethiopiak faya le baaxoo Afrikah gaysal 2000m badak fayaluk getimta baaxok 50% taabixee.
Tohuh taagah kiilbatii Ethiopia 3 gallelal kusag yeke. To gallelah tu gacte katekek, Kiilbati
gallela 4550 m, Abne Yosu qgalle 4277 m kee Ferac Imbah galle 3939 m. Tama gallelal duma
xex wakti kaxaa BARAAD elle sugemim baxa baxsa lee Maasaya getimte. Tahak duma ta
baaxoo BARAAD lem yascase kusag makina. Taway yekeh yaan kusagal BARAAD elle sugee
caadok (daamacaa) 6°C laagna osism yascasee.

Faya le baaxol qonxaa GARBEN geytimte. Cellaloh KOREM, MACHEW kee CASHENGE.
Makra 4: Cashengeh badiih xeex widiir sugeteh tan ballage gexoo (wegii beya ballage)

Weqii beyeh yaan ballage xeex waktih baxool sugeh gaabar yascasee. Tahak ugut abak
cashengel sugteh taan ballage ballage weqii sabatah abak teen gexoo wagitak kussaqg abne.Kad
tama badak adal mango waktii sugeh yan ballage kooboxul kusag abne. Tuhuk ugu abak
ballage gexxa malgoo elle tekem naxagoo dunde. 1970 gimbisahanam ballage koobox osisak

yemetem tambulwe.
Makra 5: Raayyal fayya le baaxooxa daro xalootih gexsit
Kilbatti etiyobiyal fayya le baaxooxal 33% takkeh tan baaxoo bugre daroh anfiquk geytima.

Ta baaxo baxsa luk daro xalootih gexsit ikraaro baaxo dadoosih iddigat antafaquk taamittah
tan qunda bugraabeyniitit tibixsimem kinni. Tanih tan daro dalootih gexsit kartal daffeesoonuh
sanat roobih ixma lih leh yanih yan angaarawat radak kilbatti itiobiyak fayya le baaxooxal daro

dalootih gexsit mannal aboonuh linoh nan mabla fayya haynam duudnah. Tahamat radoonuh
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sinni murti wakti yaydeeroonu kee xaloo nammadirrib leh tan koona daroora neyyeege. Oson
ux daroh wakti (affara alsitte), madab ux daroh wakti (koona alsitte), madab der daroh wakti
(laca alsa), der daroh wakti (sagla alsa) kee der namma daro wakti (taban kee namma alsa) kinni.
Mangom ux wakti leh tan daroora golo rigidit geytimtawak der wakti leh tan daroora golo
booxah addal geytiman. Murti wakti deddar Kilbatti ayroh Culmaak gabbi ayroh culmal osak
gexa. Inki daro xalootih gexsitih addal murti nammadiribih kadda baxsal milalaagima.
Ossotinah daro dalootih gexsit sanat roobih ixmah baxsaluk milalaagima. Tah kinniimih
sabbitih leelwah cayxiixa kee rakaakay caddol daro dalootih gexsit milaagu yayballe. Fayya le
sanat roobih caddo tanih tan wak murti wakti akah yaddeerennah aba. Begirabenochu amol

sinam der sanootaak gimbisak elle waaran.

Taalih abxisuk leceyhayto footima lih ashange badat sinam guubuh elle gaciyyaa kee baaxoo

mabuurih caagiida daffeysa.
Makra 6: Qasri inki qick akke baaxo baar, inkigide Abiyya, ashenge badal baaha

tukkal-warraye 100 sanath baaxo kurim kee antifigiyyi, ballag(kalla) quurol baaheun nubleh.
Satilete fotat kee asserabak eddurul yanih yani baaxoh antifaage kartah bicisak missosneh.
Taturte waktiz sugte naquswainki darifal 14 kektar take baaxo isinih alluk, ragtem gersi abba
qubaytitluk ten. Dergidoolat reedek lakal baaxo gagizaak leemarah kureh uxih baadu inkigideh
makurinna. Kinnimih uxih naquswa gabat kibi baaxo raqte. TPLF 1990 xabba haanam baaxo
kurriya gagsika labhaytu kee saynumuh inkigide akah guftanna iyyananlak ten. Tahih taagah
baaxo aylame wanamah-mardoh yaceenim kee mango baqure yabqurelim xigimteh. Awayih
uddurul 90% takke bugare —aba sidicuk muxxi takke bagqure —gidan. Tah uqut abak itiyobbiyal
baqure xali usak geytima, tah akah takku xigtem, axali akah geytimu xigem yiysisen baaxoh
xinisso kee invetiment baarisiyya kinnini.ussotinah tayse baqure abah sirrat kee xinissory,

hisodo gablisiyi faxximamih taagah-kaxxa hangisso kee cubbi faxxima

I11. Lee Kee ball.

Lee Kee ballagey/qind raceenahtan bola kee fayyale arooca-faxxima uyta geyonuh zutaxago-

mango kusag-qgalela, bolal lee baxol mango macal abak geytiman._Inkih akah naxigennah
sehaayti a botoota garbo baxacal kaxxa tukkal kataasa .kaadu hawal baaha milaagi maca

ceelah?_Ta esserorah gacsah fyta gasri baxxagsele.
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Makra 7. Lyto Qasri, Rayyah darifak, baaxo kee, rayyah dariifal baaxo kee coox baxcahih
milaaqu (All 1972-2014 E1)fan.

LL 1972-2014 E1, fan yanih yan wakti addat, rayyah dariifal suge coox baxac, satelitik geyni
uytal agaradneeh. Kusaq elle abne rayyah dariifa baaxo gagitak akah yaysnabo ken gurrah,
anxaxaxos kee cood dabisiyya bxsa lee hangi necceh sugne. A dariifal bocoh yakke caxah
samad xefleh knsaagisak baxseenih.LL 1972-2014 fan yan wakfih addat yumbuliyye caxah
baarih milagi baqure baaxo kaxxa ramma aybbulluk (60%-35%) rammoyte. Boocoh yakke coox
tonnah (33%-53%) fan useeh. Kaadu baaxoh anxaxas yambulluyay . immay xaflih baaxo sugte
caxah samad celalloh (ketketay, agame kee xaxaho)kee cooxbaxce abbixuk boxce kala cooxih
samad (shelen, ashwa kee balas)cooxi kaxxa baaxo abbixuk baxxa dariifa yabbixen. Qaleeli
baxoxal kaxxa manga ruk sugte cooxuy, isih yabuke (saraw kee wagar ) coox amok amoh bayeh,
dagoo samad keenik kanisah-dagiirih addat geytima. Tohih taagah garbo kee coox dacayroh,
anxaxxosuh baxsale darrifa bicisak axcih rayyak ayro culmah darifal (allamatak ayrocumaay —

ila roobit —fanah )baxsake hangi yaceenim faxximta.

Makra 8: Hatto exxa Kilbatti gaxih ityopiyal geytimah yan qaleela kee ullullu leh tan
dariifal gexsaanah yanin gino gaddih taama

Kilbatti gaxih itiyopiyal geytimtahtan gino gaddittek coox kee dorritiity 1970 fanahaay gibdih
tan gino gawalayla tet toofeh sugteh tanimiiy tamixxige. Tahak ugutakaay tama tagabittek
gexxamah kaadukuuy tamahak fanak radah yan ruub kataasah yan weeqiiy rayya kee dariifalaay
sahadaytu kee uwwaytil inkkih kaxxa tagabi kataasak sugemiiy aydaadi yascasse. Tama tagabi
yafdigoonuh faranggi liggidih loowok 1975 baxaabaxsa leh tan gino gadda dacrisaanamih
taama baxsale gurral akah tekkeh tanim kee baxsaluk kaadukuuy gabaarat biyyakitteh tan
dariifa anxxax cooxuh sarsaanamih taama elle faxxintannal tekkeh tanimiiy tamixxige. Tama
tawayi kusaaq kaadukuuy too saaku tekkeh tan gino gaddih dacayrih taamak ugutak yekkeh
yan kusaaq kinnih tanimiiy warsan. Tama kusaaq baxsa le gurral kaadukuuy 20 takkeh tan
baxaabaxsale coox kee weeqi dira leh tan dariifa meexak yekkeh yan kusaq kinnih tanimiiy
tamixxige. Tah dubuk hinnay kaadukuy tama kusaagay coox inxixi kee (normalized difference
ation index) galalisanam kee coox miduuy wakti elle kortaamal tagabik ken catam xigah yan
caagd cubit haak yekke kusaaqg kinnih tanimiiy tamixxige. Tama kusaaqih xali elle yascasseh
yan innalaay gersi dariifal yekkeh yan kusaagaluk nableh nan wakaay gersi kusaagittek muxxiiy
(30) sanat tuttagbi sinnim coox anxaxinuk akah sugtah tan innah absiisam xigah yan kusaaq

kinnih tanimiiy tamixxige. Tahat ossotinah kaadukuuy 1975 boodeh sugeh yan gabaar (scars)
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60% akah yankusennah absiisam xigah yan kusaag kinnih tanimiiy timixxige. Tah dubuk
hinnay kaadukuuy gino tagabik gabaar kataaseh sugeh yan tagabittek gexxamahaay bayteh
sugteh coox kaadukuuy akah taabukenna kee mariiy amok obak sugteh tan weeqaytitte
kaadukuuy inkikke fanah adarukuuy ummattah ayfaafay akah taceh tan innah faxximtah tan

taama tekkeh tanimiiy tamixxige

Weqaytitte uxi kinnihiiy kaxxa cayla leh tanim takkay ikkaha tama caagidik addaffakoot 9 hatto
mafdagal daffeytehiiy geytimtah

Makra 9: Kiblatti ethiopial geytimtah tan fayya fayya lee baxooxal caxittah tan dorrit
yaynukusenimi

Aa kiblatti ethiopiahl geytimtah tan fayya le dorrit 1975 ligiddaah Eouropah lowok xabba
haaanam akkuk sugteh tn gino gaddih tamoomi dooritil gino gaddih aw baaxo gnxixxoh
daggosul axci , axcih kaaduk garbo saalyu yaynabbonuh axcih kaaduk woo dorritil obak
sugeh yan wqih daggosul Abeenih yani gicloy tekkeh tanim geysisonuh yekkeh yan kusaga.
Tonna kinnuk a kusagah doreenih yanin 11 dorrit(weqidira) sidica sanat titta lakleh(2012_2014)
fanat wegay obah yanih agikinuk gexsiten kusaq kinni. Kulli dorrakyiqi kkinwn weqih kimatih
baxsay roouk edde raddeh gideey:garbo kiimatay, kulli garbok baaxo dafdafit caalat fat kasal
haak baxabaxsa luk daffesen. Kusag mihrat edde yaybulleh yaninnalwo doorritil tekkeh tan
gaddih aydakakan tamoomi aa dorrit aw aa garbo aydakakanak taturrateh, a dorritik caxitak
suge weeqgi megennah akah daggowanna kee ,adorrit Rayyal geytimta madarrite kee
katamoomil katasak sugeh yan ayyuntiny, Qidaddoy adm baxat bahak sugeh yanim
daggowtem yaybulle.

Toh kinnimih sabbitih aa dorritilgexsitak sugtegino gaddih loysis taamomi daggowak gexxama

axcuk tarusna fayu.

Makra 10: Ullulu leh tan galeelak gubaldaffeyeh yan xetti gadad.

Mangoh tan arrogi kafin baaxol geytimta, akusagak hadaf adda adda le baaxoxa, gidde leh
mango giddele baaxoxa kee manol katasah yanim yamirmirenih , abaarid katasah yan tagabi
yablonuh Arzi, satellite fotota kee kutbrh essertimta. Akusag arruga mangoh tan boloola

elle tangaleh tan ikkel girabenool gulbak gubi dafdef tantifige.
Makra 11: Exxa rayya weeqgaytih holholwa gendek yangeenimi

Rayya dariifay kiblati Ethiopiak addah ragtah tanih tan baaxok baaxok teyna kinnih tanim kee

tama dariifal kaaduk kaxxa kaxxa weegaytittee kee sahdayti baxak hangi beytah tan gino gadda
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leh tan dariifa kinnih tanim tamixxige tama weeqaytitti kaadukuuy rayyak ayro mawqa dariifak
galeela leh tan dariifak oobak booxal caxittah tan weegaytitti kinnim tamixxige tahaak ugutak
weeqi akak oobah yan dariifal weeqi daritte bicsaanamih taama kulli sanatal namma adda akkuk
geytimtam tamixxige takkay immay becsaanah yanin holholwak guba haanah yanin aalat
yamaggemik sabab takkem gemmo faxxima kusaq akah gexsewaanamih sabbataay Kinnim
tama caagidal gexseenih yanin kusaq elle yascassenal gemmohuuy holholwa bisan widdir lee
mangak kusaq gexsewaanam kee (haydrolic process) kattaate waanamih tagabi kinnih tanim
timixxige baxsaluk holholwa ceenosaanam taagabi yanim timixxige holhol becsan widdir
kaaduy fiddinoose waanamk gexxaamah holholul adda gexxa lee cenootak holhol yaggileenim
tamaate tahaak ugutak kusaq elle yascassennal (1) holholwa fiddinaani elle xiggahaanamal baar
bahsisaanam kee lee akak tabtam xeqe wayta gurral kaa bicsaanama, (2) weeqayti elle caxitah
yan dariifa kaaduy gino gaddak garbo elle taabukeh taninna absiisanama, (3) weeqayti ginoh
gexso elle katam xege waah yan inna absiisah amok rada weeqih gawwalayla elle kalalaanam

xigaanah yanin taama abaanama

IVV.Abqgaalak, Kaalal, Rayya booxal

Makra 12: Wakti caalaatallih milallaagimta rayyak makkoki le daqorti

Raya dagorti k rayya booxak ayro culmak katu ragta kaxxa fayyo le galeek gimmisak cayyla
luk caxitak gesi katul ramma le booxal cula. Tohuh taagah raya booxak mango booxa yabiixe.
Tahalluk leh yan cayxi caaltih cayxil, xexxax kee mafkanal, baxsa yayballaye. Leh yan xexxax
ke arac abbixiyi tagabi akah yaniimik sabab amixxigewaamih taagah a kusaq acaagid hangit
haak bicicciime. Kasaqg elle yayyabuluyenal taga raaga baarre cayxih tagabi kinnimnasmitu
dudne. Ceelalloh 57% take dagor xexxex 65% take baarle baaxo tabbixe dagaorti taagi kinni
taybulle sabab akak. Qagitaak yekke kusaagal 1978 I.L garbo baar osak yemetem taybulluye,
fanal osak aynukusuk yememtem kaadu yaybulluye. Tohuh taagah tohuh taagah garbo baar
tagoorit baar kee xexxaxal waaso or gexejalit akukuk geytimta. Tohuh taagah faxe dagoorit
bure taamal le yan tagabi yayanukusoonuh, kaaduk ummatta manol yaysiisoonuh abaanah
yanin baaxo dayla cayxi kayu kee daqgoorit mafkanal yaceenih yanin hangi haytam takkeemil
dagar maado ke kay baysiyyi cayla daggosaanam xiigimtam kusaq yayballaye do ke kay

baysiyyi cayla daggosaanam xiigimtam kusaq yayballaye

Makra 13: Abgaala goloh leegadda
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Rammata baaxol ethiopiah gooloolah addal geytimta lee kee gersi ginoggadat aaman le
manfagah tan taddera hangissokaxxam dago. Takkay ikkah kusaq hadaf oyti tagabi yannim
takkay immay, abgaalal geytima limestone xaa goloolal tan le highlightih nablu. Robti manga
wagitta oytitte yaskatoonuh sidiica sanatak(2015-2017) xabba hak robti manga kusaagissa
aloota (rainguage) mudneh aw soolisneh. Qaagitak dagaarak caxittah tan lee manga
yasfuroonuh robt tasfure allota manfagal asseh. Robti mang baxaabaxsa caalota le. Ta caalotah
baxsi leeh cayxi tambaggem kee baaxo darraoosak abgaalak gubi goolo fan gexa. Qaagitak
baaxok garan fan gexxa le mangoh. Sittat limeston golo k caxittah tan leek 36% gubi kolo fan
gexxa. Tahih taagah bure muri geynuh elle faxximtannal koboxxeh tan lee kee baaxoh
masmaaqga kee gersi caagiida akah bicisak faxximta afkan akal abaanam faxximta. Xayi
udduuruk agadal abgaala booxal baaaxo bagih milaagi yanbulle. Ah wagsiisak aben kusaq
xaalot makrak 14 il daffeyteh tan.

Makra 14: Abgaalak rammale baaxoh milallaagu

A kusaq abgaalak rammal e baaxo bagul baaaxo manfaq kee baaxo baar milaagu ke baaxo elle
tan magnal baahen baaxo milaaguk ten. Kasaagak ugutak abgaalal sanat 1984-2018 yan qaktil
rammat baxooxax kagshbuurat atnbukunem kee foyyah elle takkem faxxiimak tenekkel
buxaaxa kee yabquren baxooxxah gadad ambagguk geytimam tutbulluye. Taahak ugtteemih
kagashbuurat tunbukune baaxo kee sinam elle ane sinni arooca sugteemik 58% kee 27% sanat
2008 elaa 38.9 kee 22.3% sitallakleh yunkuse. Tahak sadhu guubitte 1984 elle tenikkek 3.3%
sanat 2018 elaa 12.4% fayya iyye. Baxsaluk ummata gqadad doolatal, baaxol, sittat baxsaluk
gagitaak abgaalal gexsitak geytimta xooquh xiina ganda gaaboyso waane taagah dadal fayya
iyye dabgi gandah baaxoh abquriyyi osak amakkaquk baaxo fingisiyyah bathe. Takkay ikkah a
kusaq agat kee dariifa dooltih bugre kee sigma guubih baaritiyyah ahngi yaccenim faxximtam
yayballaye gagitaak kusaq sinam ganda gaaboyso waanel magar leh ikraaro le gital
abbinoosanam faximtam yayballaye. Kaala dariifal lee kee baxoh le tan galayli awgittaml

makrak 15 siinih naybulluye
Makra 15: Kaalal rammata baaxo kee baaxoh gitosh yakke yan boodu

A kusaq kilbatti etiyopiyal geytimta kaalah raamle arooca kee dariifal sinam kee saqi
angagoyyih gexso kee ayyunyti dariifah le yan angaaraw wagittaamal tekkemi. Kusaq kaalak
ramma ta baaxol saga kee sinaamak wagti angagoyyi lgain baaxo kee xacmin baaxoh suguntit
fanal manfagat bood yani yaybulluye. Yekkeh yan bood kaaduk baaxoh cabti kee guub baysiyya

kataase. Coox baarihagakkaaneh kusag elle yaybulluyennal bayeh yan guub kee baytemil coox
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osim yunbulluye. Cooxisimk sabak kaaduk kaalak ramma le baaxo sugte saga kee sinam
kuamolayyo daggoosaanam keebayteemil tekke daarat, lee kee ballaage dawro taamoomi Kinni.
Takkay immal poliisi tayyeqit kee agat doolta sina ke sagak wakti angagoyyallih yamaateh yan
calwayitte akkalat haanam kee hangi kah yaceenim faxximtam yuybuluyye. Ta waarle
baaxobbagih dafeynah xiinisso yasmiteebim, cayla le dariifa dacayrih makaado xisaanama,
bood elle yafdigen caalotah madga bicsaanam kee cawalay mafdagah gexsot diini abobti kee
baaxoh idoola edde yasgallenim faxximta Rayyak lee gadda wagittaamal makrak 16
dfeeyimteh tan

Makra 16: Rayyak raamta baaxok leeggada

Ramma itta baaxo tibbixe etiyopiyah goloolal geytimta leeggdi amaana lennal yantifgeenimih
ikraaro kee mabbux le yan hanigisso dogom kinni. Takkay ikkah kusaq hadaf raya kee hasingel
tata xeeti goolol geytimta lee mangah dagar loowol daffesaanama.

Gittakkiino baxxagissa oytitte yaskattoonuh sidiica sanatah [2015-2018] robti gadad
tasfure[lowta] owwayti kadeedineh sugne.kaadu dagaarak caxittah tan lee gadad loowol
daffeesa uwwayti[gejoch] nintifige.ceelaak woo rakaakayal tan leeh gadad naaxaguh leeh
cayxiiy,bullaageh caalataay,silayti afkanitteh asfuriyyaa kee baxooh intifaaq diggosnuh neh
tanfige.woo kusaq elle yescessennal wokkel yan robti caalat waktittel baxsa le.tama caalat baxsi
sissik lee manguk ilaa adda le dagar fanah caxitta.kaadu sanatal fanti leeh cayxi wagna waqdi
rayyak fayya le arooca ramma le aroocak[p<0.001] muxxi caxitta .rayyak addah raqta aroocak
caxitta leek 40% tabsiyyi aracak caxitteh ragta.data xeetih addal ragta leek 77%
factah[buubtah].tohih taagah rayya kee cashange leeh caxtiyyih gaba 16% kee 33%
take.amogacaak ta leeh manfagat qidaddoo dariifah yaalluh kaad muxxi taaminnam
faxximta.leet faxximtannal yantifigeenim kee baaxo megennal yabbixeenim giddadoh mege.a
arooca lee xayyoosaanamaksah booxaaxah meqe doori digirta. Ciggiila taban kee malcintah

makra rayyak doqooritil kee blooxal baaha korsa yaybulle.
Makra 17: Rayyak doqoorit kee booxax baar korankorsa

Baaxo manfaqgat kee baar kusag awaktil mihimmi yan.baaxo caagidil dogoorit kaxxa dawro
faxa.takusaq rayyak ayroccu;ma katuk tan galeelak obta lee booxal leh tan baaxo manfagat kee
baaral aben kusaaga.tohuh kobo booxal yan rayya dagaarak awlisah iyyeeneh elle yaaminen
warsi dagaara cubbi aba.kusaq elle yabluusennal doqoorit elle mango aroocal baaxoh baar
milaagu lem yabluuse. tah kah takkem bugre baaxo weeqat dogoorit fan kortawak waktiik lakal

gaysoh kortsa.waktiik lakal baaxo ballaage bicca intawak bugre abeenit bugre
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gimmissa.amogacaak weeqayti anfiqiyyaa kee baaxo baar korsi buqre abeenit magaashal
kaxxah yan doori le.baaxok baar korsi dibuukdoqoorit milaagu hinnay sihdayti gabat agel edde
anuk coox kee aysukbiyyat yan. Tohih taagah baaxo megennal yabbixeenim faxximtam

yaybulle.kaadu dogoorit lowsiish taamoom abna ginoh caalat teetik abbixuk abnam tayse.
Makra 18: Rayyak galal leeh gasboh caalata

Kafin aroocal gasbo kaxxa tagabi akkuk temeete. Electric conductivitit catiimak leeh gasbo
aalliyyi arac kee wakti caalat cubit haak gaddoysa mara.callaatih woo aracal geytima gasboh
caalat kee wakti katuk abluk electric conductivity iyyan dogoorit uwwaytiiy, raceenaay,boodad
lee kee kalu ceela leeh arac gexaanam abne.a kusaq addah iyya electric conductivity aalliyyi
karma kee cagay uddur baxsa lem yaybulle

Tahat osak, sanatal fanti leeh electric conductivity qgaleelal le gadadak golaalal geytimta addah
edde ossam kassiisa. Qajab celtaamah golaal geytimta ramma ta baaxol geytimta leeh gasbo
aalliyyi umannal geytimta. Ahak xali elle yabluuse innal kaadu ossa baaxoh ramma le leeh
gasboo,baxsa le gaabin maaxoh caalih angoyyi inkih yan baadal abeenik bugrel tagab katassa.

Kaadu, itiyobbiyah golal addal geytimta leeh gaddi mege gidaddo bahsiisa.

V. Booxal baaxoh miraaciini caagid

Tatre sanootat rayyah dariifal leey, baaxoo, kee ummattallih agle le mango milaagi yumbulliye.

Tahat axawah anuk
Makra 19: Hayto makra meeri kee investment baaxol le milaahu yabluuse

Ta kusaq makra meeri kee investimenti baxxoxal bahah yan tagbitte naxxiguh aban kussag.ta
kussagak ukummo rayya baxxol makra meeri kee investimenti yasmageenim kaxxxam baxxoh
kaxxa barssa taysubulle. Ossotinna kussaq ale yascasssenah makra meeri kee investimenti barsa
luk dadal yasbulle. Tonah coor sittat2007_2014 ligidah 62% unkusse.kallah tonah makooni
investiment arcittel argigiyyi sittatal 60% unkusse.ossotinnah makooni investiment
arrocalbuxaxi keenik fingitte.kalah kaxxu kobo kee mokooni arrocal yan weqaytti buqreh
arrocak 74% kee 73% ossotinna usbuule.sittatluk rayya baxxol bugre yasmaagennim kaxxam

baxxol bugre barssa luk getimtta. Tonah rayya baxxol tagbi yakumem yakem bicttah.
Labaatanni haytih amonttal ta caagid wagsiisak kusaq dafesneh nan.
Makra 20: Labaatanni haytoh makra: rayya booxah milalaagu kee fula le sababiteeta
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Ta kusaag rayya buuxal sidiica uduurah yekkeh yan baaxo bagih kuraakursal kusaq abe.
Kussagaak ugutaak bugre baaxo ifu luk tanballeyeh tan baaxo baguk tiyakb teena.taturteh tan
soddom sanatitteh magna lehtan baar kee baxaabaxsimiyyi milaagi yunbulliyeh suge, cotaanah
yanin ardit baar dagoowiyyi yuybuliyeh sugem takkay immay maqgna leh tan baxaabxsimiyyi
milaagi manbalayinna. Tonnah garbo ittallaklel ankusuk temeetem takkay immay magna leh
yan baxaabaxsimiyyi usositina maybalayinna. Buxaaxigarwa osotina taybulliyem a kusaaq
gadoosa. Buxaaxi elle gactuh xisintte arooca bugrebaaxoo kee baxaabaxsale garboobat
buulimeh geytima. Ta kusaagal tunbuliyeh tan milaagitee baxsaluk sahdayti kalleb kee
buxaaxih fayxih osotinalluk temeetem kinni. Barritte buxaaxi titta fan baahaanam sababittek
tiyakteenah geytima. Tonnah bugretaamoomi telemmoh yantifigeenim baaxo bagih milaaguk
sababittek tiyak teenah geytima. Ittal gacissa haynaddur rayya buuxa tan umatta baxsale cubbi
faxxa. Kah kinnim buxaaxi garwa yubquren baaxooxay kee garboobah aroocal caylaluk

baarimak geytiman. Elecaboh labaatanni haytih amonttal xayiuduurut amotabi kusaq dafeesele.

Makra 21: Labaatann kee inikhayti makra: rayaa kee rayya baaxooxal maxaaberya

kisaara loowo (fereng loowoh 2012-2016) madaaberyah gaadih tan gabaaya kee tata gabaayah
telemmoh kusaq abneh. Maxaaberya telemmo Etopiyah addal kaxxam osimtem kee tonnah
kilbatti katul yanih yan gabaayah xayoosiyyi fayxik fula luk yanim kusaq gadoosa.ta kusaq
yekkem Etopiyah loowok 2016 rayya baaxooxal kinni waqdi maxaaberya telemmo gersi
waradoodik baxsale. Maxaaberyah xayoosiyyi Ethiopiah loowok 2016 madgagabaaya kee
tatagabaayak telemo oyti 35 waradoodiiy , rayya baxooxay geytimta mazajaga beet geytimta
madgak tan gabaayah istatistics raceena geyne. Ginino akke wayta madaaberyaayi aysixigiyaa
kee kaliyyal bugre tu taaxagoh acwa yacen. Tonnah irdatah deyan magoogaa kee miraaceenitik
geyaanah yanin nafqatiteeta telemmoh haysitak sugen. Ceelalloh , maxaaberya xaame week
irdaata kaah cee weelem kaah warsa. Afrengi loowoh 2016 madaaberya buqgre abeenitih edde
kalen limo kuntaala 1407 birrik ten, Maxaberya maabryak leh tan milaagul kee addis abeba leh
tan xexaarak ugutaak dagoo limo baxsa toybuliyeemih taagah. Madgak iroh tan telemmoh
gabaayal kuntaalal 731 birrik sugte. Takkay immay siddiica rayya dariifatal tan waradoodih
addal kuntaalal 463 birrk ten. Reyya dariifatal cagay waktitte dara bugre lem bugraabeenit
dubuh kinni maxaaberya faxxam, kalah yan mari kalah. Buqreh xiina baaxa keenik kaxxam
laganowtaamih taagah gibta tagabi leemih taagah tonnah madaaberya faxaanam warisan.
Faxaanah yanin waqdi gabaayak xaamitaanam xage waanam warsan. Madgaak iroh tan
telemaamil ginoh maxaaberyitte akke wayta maxaaberitte baaxooxal geytimta telemmo abak
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kee buxammarah yanih yan dalaalak kaamak sugen. Kaxxam fula leh tan maxaaberya bugraaba
kubaaniyya kee telemo abah kalaay keenik beetak dagooh tan bugraaba mangoh tanih tan
kisaarak catiimak sugen. Maxaaberya Ethiopiyah addal bugre baaxo caylaluk akah dadal tannah
abtaamak tiyak teena kinni. Takkay immay maxaaberya gexsit ( madga) kaxxam bicam faxiima
caagid kee tomcowimeh tan maxaabery hinnay buqre oyti elle yaninnal takem faximta. Buqreh

xiina isinni fayxiik iroh maxaaberya akah xaaman innah buqreh biiroh kaxxa tagabile.
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Chapter 1: The “Graben” TEAM project

Jan Nyssen, Veerle Van Eetvelde, Amanuel Zenebe, Seppe Deckers, Kelemework Tafere &
Jean Poesen

Ghent University, Belgium; Mekelle University, Ethiopia; K.U.Leuven, Belgium

1. Project summary

The “Graben” TEAM project (2013-2018) focused on a major development corridor of
Ethiopia, the closed basins at the interface between the Highlands and the Rift Valley. Such
basins (grabens) currently undergo rapid land use changes and are also sensitive to
environmental changes on the surrounding escarpments as well as to climate variability. The
landscapes are subjected to rapid changes, from (agro-)pastoralism through cereal-based
cropping systems to semi-intensive irrigated agriculture. Cooperation and conflicts exist
between pastoralist Afar lowlanders and Tigray and Amhara subsistence crop farmers. We
conducted an integrated geographical study of land use, settlement and agricultural systems, in
order to contribute to planning and management of land and water in these grabens. The project
involved the Department of Geography and Environmental Studies (DGeES) of Mekelle
University and the Universities of Gent, and K.U. Leuven in Belgium.

2. Partners and funding
Mekelle University (MU) is a fully-fledged university located in Northern Ethiopia. It was
established in 2001 as a merger of two pre-existing University Colleges (Dryland Agriculture
and Natural Resources; Business and Economics). Based on its research experience, MU has
been at the forefront in influencing policy issues in Ethiopia. It is one of the few higher
education institutions in Ethiopia with national and international reputation in research. In
particular, MU’s Dept. of Geography and Environmental Sciences runs undergraduate and
graduate study programmes and is actively involved in research and consultancy works at local,
regional and national scale.
Ghent University (Dept. of Geography; Profs Nyssen and Van Eetvelde) was the lead partner
from the side of the Flemish Universities, Belgium and hosted the PhD students recruited from
MU. Jan Nyssen has been working in several VLIR-UQOS projects in Mekelle University
(Ethiopia) and has built up a strong expertise regarding the physical geography of that country.
The TEAM project, while involving a new partner department, has built upon 20 years positive
experience of cooperation between VLIR-UOS and Mekelle University. Furthermore, as a large
part of the project dealt with human-environment interactions, landscape geographer Prof. Van
Eetvelde has led the related research topics.
The Department of Earth and Environmental Sciences (KU Leuven) availed senior expertise of
Profs. Poesen (land degradation, runoff and sediment transport, soil and water conservation)
and Deckers (soil geography, land evaluation and management) who both have been actively
involved in various research projects in Ethiopia as well as elsewhere in Africa, South America
and Asia.
Core funding for this “Graben TEAM” university cooperation project was provided by VLIR-
UQS, the development cooperation organisation of universities in the Flemish region, Belgium.
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Matching funds were provided by UGent (through the BOF scholarship scheme, as well as staff
and MSc student time), Mekelle University (approx. 10 years of staff time) and KU Leuven
(staff and MSc student time).

3. Analysis of the main problems the sector is confronted with (developmental
problem)

The study area covers a 15 to 30 km wide and 300 km long string of grabens? at the foot of the
rift escarpment, forming a clearly delimited transition zone between the highlands and the
lowland deserts in north Ethiopia. It stretches from (14°N, 39.85°E) to (11.25°N, 39.65°E) and
is a development corridor in Ethiopia (several new roads and a railway line are planned and
partially under construction), which is however particularly sensitive to environmental changes
(land use and climate). This is the western margin of the northern part of the Ethiopian Rift
Valley (Fig. 1). Its elevation ranges between 1000 and 4000 m a.s.l. Yearly rainfall varies
between 600 and 1000 mm, and it is bimodal, with the small belg rainy season (mid-March to
Mid-May) allowing for a second harvest in some parts of the study area.

Somall

Fig. 1. The graben study area within
Ethiopia. The Afar region is located in the
Rift Valley at elevations reaching -140 m
a.s.l.; Tigray and Amhara regions are in the
highlands with typical elevations between

2000 and 4000 m a.s.l. The study area, the
escarpment between these two physiographic
units, is also a contact zone between different
populations and agricultural systems:
pastoralist Afar in the lowlands, permanent
agriculture by Tigray and Amhara in the
highlands. (For sake of scale: Ethiopia is
roughly 1250 km x 1250 km).

Fig. 2. The closed basins (labelled A to L) of
the Rift Valley grabens that were the focus for
this study. The Ethiopian highlands are to the
West, the Rift Valley to the East. Elevations
range between 500 (yellow) and 4200 m a.s.l.
(dark. brown), contour intervals every 500 m.
Individual basin areas range between 75 and
2727 km? with a total area of 9595 km2.

1 A graben is a tectonically induced elongated depression. As it is bound by two faults, its morphology presents

a flat bottom surrounded by steep escarpments.
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The valley bottoms are bound at the east by a series of horsts?, which makes these grabens to
act as (semi-) closed systems that receive runoff from the escarpment (Fig. 2). The graben
bottoms have recently undergone strong agricultural intensification recently (partially at the
expense of pastoral land). On the escarpment, food production is based on rain-fed permanent
farming with ox-drawn ploughing for cereal cultivation, combined with livestock keeping. A
similar farming system is expanding towards the graben lowlands, where irrigation agriculture
is also largely implemented. Until now, part of the graben bottoms are used by Afar pastoralists
—hence leading to a potential conflict situation, which was studied by this project. Traditionally,
settlements consist of small permanent nuclei of thatched stone houses in the agricultural areas
and temporal dwellings made of woods and mats in the pastoral areas. Over the last decade,
there has been a strong development of iron roof housing, particularly concentrating along roads.
The escarpment consists of (a) highland smallholder agriculture in the upper part but also along
the escarpment, (b) strongly degraded grazing areas, (c) remnant forests and (d) recent
vegetation recovery through exclosures and reforestation, among others with the aim of
protecting lowland areas from seasonal flooding.

In order to assess effects of climate change, a preliminary simulation with the EAGCM model
(Chandler et al., 2005) was used to show changing precipitation under a CO; trend of ALlFI
IPCC scenario of a future world with emphasis on fossil-fuel intensive sources. For the period
2041-2050, the IPCC ALFI scenario predicts an increase of annual precipitation by approx. 120
mm yr, as compared to 1972-1984 (Lanckriet et al., 2012). This is in accordance with most
climate models, predicting a wetter Northeast-African climate under conditions of global
warming. However, a warm pool over the Indian Ocean, and the associated movement of heated
air by Walker north-eastern trade winds towards eastern Africa, would suppress short spring
(belg) rains. Given the expected increase in annual precipitation, one may reasonably expect
strongly increased rainfall intensities (Lanckriet et al., 2012) and changes in runoff response.

4. Problem statement
These graben systems, consisting of almost closed basins, are very important for agricultural
production, resulting in an intensification of land use (and hence an improvement of the
livelihood of the communities). However, this livelihood may be threatened by (1) changes in
input of runoff and sediment from the highlands (any land use or climate change in the
highlands will affect runoff, soil erosion rates, sediment delivery, and water supply to the
graben), (2) rapid migration of populations from the highlands towards the graben areas, that
used to be a no-man’s land between different population groups (Tigray, Amhara, Afar), leading
to potential conflicts between agriculturalists and pastoralists, (3) occupation of the land
resulting in new settlements and a combination of traditional and new agricultural systems that
have to accommodate early and recent smallholder settlers, as well as private investors, and (4)
long-term evolution of such graben basins may lead to rapid drainage (through river captures)
and subsequent desertification of these basins. This project aimed to address all these problems
and to formulate recommendations for the sustainable management of these graben systems.
We studied in detail the threats (1)-(4) in three basins, representative for the grabens, did

2 A horst is a raised block of the Earth's crust that has been lifted up, or has remained stationary, while the land
on either side has subsided.
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relevant sampling in the other basins and developed conceptual, quantitative and spatially-
distributed models that can be applied to all basins.

Hence, the project comprised a wide array of interrelated researchable issues, the outcome of
which will be important for the management of the grabens by the local communities and policy
makers as well as for the scientific community.

5. The objectives of the ‘Graben’ TEAM project
Overall Academic Objective: Improvement of staff capacity of MU’s Department of
Geography and Environmental Studies and partner organisations through research and long-
term training
Overall Developmental Objective: Contribution to sustainable management of land and water
on the escarpment and in the closed basins of the grabens of Ethiopia’s Rift Valley
Specific Academic Objective: Increased capacity of MU’s Department of Geography and
Environmental Studies and partner organizations (PhD and MSc training) and integration
among stakeholders in the closed basin areas
Specific Developmental Objective: Integrated geographical study on land use, settlement and
agricultural systems, in order to develop tools and strategies that contribute to proper planning
and management of land and water on the escarpment and in the closed basins of the grabens
of Ethiopia’s Rift Valley

6. MSc and PhD studies that contributed to the ‘Graben’ project
Alemework Amsalu, 2018. Landscape dynamics and major drivers in the Raya graben. M.Sc. thesis study,
Department of Geography and Environmental Studies, Mekelle University.

Anthony Denaeyer, 2016. Impact of land distribution and tenure on environmental degradation in the North
Ethiopian Highlands. M.Sc. thesis study, Faculty of Bioscience Engineering, Ghent University.

Belete Fentaye, 2017. Characteristics of debris cones and their controlling factors at the edge of marginal grabens
of North Ethiopia. M.Sc. thesis study, Department of Geography and Environmental Studies, Mekelle University.

Biadgilgn Demissie Mullaw, 2016. Ephemeral stream dynamics, land cover changes and climate variability in the
marginal grabens of the northern Ethiopian Rift Valley. PhD thesis, Department of Geography, Ghent University.

Birhanu Biruk, 2017. Landscape services dynamics in relation to investments in the marginal Graben of Northern
Ethiopia. M.Sc. thesis study, Department of Geography and Environmental Studies, Mekelle University.

Etefa Guyassa, 2017. Hydrological response to land cover and management (1935-2014) in a semi-arid
mountainous catchment of northern Ethiopia. PhD thesis, Department of Geography, Ghent University.

Hailemariam Meaza, 2015. Integrated study of natural resources in the closed basins of rift valley marginal grabens
in northern Ethiopia. Pre-doctoral thesis, Department of Geography, Ghent University.

Hailemariam Meaza, 2018. Sustainability of land and water resources in the marginal grabens of northern
Ethiopia’s Rift Valley. PhD thesis, Department of Geography, Ghent University.

Laurens Hermans, 2017. Spatial and temporal patterns of water salinity in the marginal graben basins of North
Ethiopia. M.Sc. thesis study, Department of Earth & Environmental Sciences, KU Leuven.

Miro Jacob, 2015. Treeline dynamics and forest cover change in afro-alpine Ethiopia, as affected by climate change
and anthropo-zoogenic impacts. PhD thesis, Department of Geography, Ghent University.

Sil Lanckriet, 2016. Exploring causality in interactions between climate shifts, land degradation and humans:
evidence from the Horn of Africa. PhD thesis, Department of Geography, Ghent University.
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Sofie Annys, 2015. Land use/cover changes as impacted by climate variability in the escarpments of the marginal
grabens of the Ethiopian Rift Valley. M.Sc. thesis study, Department of Geography, Ghent University.

Tesfaalem Ghebreyohannes, 2015. Mountain Stream Dynamics as Impacted by Rainfall Variability and Land
Cover Change in the western Rift Valley Escarpment of Northern Ethiopia. PhD thesis, Department of Geography,
Ghent University.

Zbelo Tesfamariam, 2015. Landscape change trajectories and agricultural systems in the closed basins along
Ethiopia’s Rift Valley. Pre-doctoral thesis, Department of Geography, Ghent University.

Zbelo Tesfamariam, 2019. Landscape dynamics and agricultural systems in the marginal grabens of Northern
Ethiopia. PhD thesis, Department of Geography, Ghent University.
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Chapter 2: At the edge between Ethiopian plateau and Rift Valley

Jan Nyssen', Hailemariam Meaza'?, Zbelo Tesfamariam?2

! Department of Geography, Ghent University, Belgium
2 Department of Geography and Environmental Studies, Mekelle University

1. Location

Northern Ethiopia is characterized by a wide variety of landscapes that are dissected by the Rift
Valley. At the northern side of the Rift Valley, the Danakil basin covers an area of 52,740 km?
in Ethiopia with many closed and semi-closed grabens (Fig. 1).
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Fig. 1. Marginal grabens of the western fringe of the northern Ethiopia’s Rift Valley (A) and
the representative studied grabens with their catchments (B): Aba’ala, Raya and Ashenge
grabens.

To acquire a better understanding of marginal grabens, we selected a representative research
area located between 14° N, 39.85° E and 11.25° N, 39.65° E on the western shoulder of the
Ethiopian Rift Valley. All the grabens in Fig. 1(A) cover 9600 km? with a continuous chain of
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grabens and their corresponding escarpments (15-30 km wide and 300 km long). The
representative studied grabens include the Aba’ala, Kalla, Raya and Ashenge grabens.

All the marginal grabens are semi-surrounded by escarpments. As a result, their soil and water
resources are always replenished by the floods and sediments that flow from the escarpments.
However, the landscapes of the marginal grabens are differently affected by the economic
activities of the communities who reside within and around the marginal grabens. Besides, their
attractiveness to investments is different. Most marginal grabens have similarities in terms of
economic activities of the communities in the grabens. However, Raya graben, which is the
largest graben, has wider fertile land that has been attracting agricultural investments. As a
result, Raya graben is identified as a development corridor by the government of Ethiopia in
general and by the regional government of Tigray in particular, which increased land use
intensification and extensification in the graben. Also, the majority of the communities in the
Aba’ala and Kalla grabens are dominantly pastoralists and transhumants, partly on the way to
sedentarisation.

2. Geology

A graben is a block of land bounded by parallel faults in which the block has been downthrown,
producing a narrow valley that, in this case, runs parallel to the margin of the Ethiopian plateau.
Such marginal grabens can be full or half grabens depending on the fault system (Fig. 2), and
they are related in this case to the formation of the Ethiopian Rift Valley, cutting across various
lithologies.
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Fig. 2. Landforms associated with tensional stresses and normal faulting. Full grabens are
bound by faults on both sides, while tilted blocks have been faulted just along one side, forming
half grabens. Horsts are blocks that have known no (or less) subsidence. Modified after
McKnight et al. (2014)

Major lithologies in the studied grabens are Antalo Limestone that dominates the Aba’ala
graben, and basalts and other volcanic rocks along the Raya graben (Fig. 3). The western
escarpment supplies materials for alluvial deposits to all the graben bottoms. These sediments
have a high infiltration capacity.
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Fig. 3. Geology of the study area reproduced from the geological map of Ethiopia

3. Climate

The marginal grabens have generally an arid and semi-arid climate. More precisely, the graben
escarpment experiences a cool and humid climate, whereas the graben bottom is characterised
by arid and semi-arid conditions (Fig. 4).
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Fig. 4. The long-term average value of weather parameters, (top) in the Raya graben (12.41°,
39.55°) and (bottom) in the Aba’ala graben (13.35°, 39.75°) (NewLocClim1.10.).
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There is a bimodal rainfall pattern consisting of kremet, the primary wet season (July to
September), belg, a short and wet period (March to May), and a dry season with little rainfall,
which occurs due to the dry air from Arabian Desert. The belg rains are clearly present in the
Raya graben, allowing for a second crop in the uplands, whereas they are absent in Aba’ala

(Fig. 4).

4. Hydrography

The elevation of the study area ranges from 1300 to 4000 metres above sea level. As a result,
the drainage system varies following the geomorphology of the study area (Fig. 1). The Aba’ala
western escarpment is drained by May Shugala, May Aba’ala, Murga and Liena streams. In the
rainy season, these rivers meet in the graben bottom and leave the graben through Megulel
outlet that cuts across the eastern horst.

In the Raya graben, 26 rivers drain the western escarpment to the graben bottom. Because of
physiographic asymmetry, the rivers flow from the foot of the escarpment to the centre of the
basin, mostly forming terminal distributary systems. The majority of the floods of these rivers
sink before reaching the outlets. The only river with a well-defined channel across the graben
bottom is Golina. The northern part of Raya graben is drained out through the Selekberi outlet
and the southern part through the Melkehora outlet. Both outlets are deeply incised gorges
across the eastern Zobel horst, towards the main Rift Valley. High up, and parallel to the Raya
graben, the Ashenge graben is an endorheic basin without any river outlet.
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Fig. 5. Generalised soil map of the study area, based on the Soil Atlas of Africa with the borders
of the graben basins indicated
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5. Soils

A very generalised soil map shows the main occurrences of soil types in the grabens (Fig. 5).
The Raya and Ashenge graben bottoms are dominated by Vertisols, and the Aba’ala and Kalla
graben bottoms by Cambisols. Overall, on the escarpment, soil associations are dominated by
Leptosols, though locally Phaeozems may occur (in remnant forests), as well as Regosols and
Cambisols (in areas under cropland). Except Leptosols, the other soils are deep and mostly have
a good soil structure, workability and infiltration. The soils of the graben bottoms are generally
fertile and suitable for agriculture.

6. Population and socio-economic organisation

An approximate 650,000 people live in the studied grabens. Most densely populated are the
Raya and Ashenge graben bottoms. The population comprises several ethnic groups: (1)
Ambhara, generally living south of the Gobu River, (2) Tigraians, occupying the major part of
the study area, particularly the western uplands as well as the escarpment and also the central
and northern part of the Raya graben bottom; many Tigraians have also migrated to the Aba’ala
graben over the decades, (3) Oromo form an ancient population group in the Raya graben that
has been partly assimilated to the surrounding Tigraians and Amhara — in most places the
Oromifa language is not anymore used on a daily basis; they live in dispersed villages across
the wider area between Alamata, Mohoni and Chercher, as well as east of Kobo and on the
Zobel horst, (4) Afar are dominant in the Aba’ala and Kalla grabens, and also share settlements
in the Raya graben’s eastern horsts. In major towns such as Alamata, Korem or Maychew,
Amharic may be used as trade language.

The Amhara, Tigraians and assimilated Oromos on the escarpments and in the Raya graben are
mainly engaged in smallholder agriculture, often using spate irrigation with floods from the
escarpment. In recent years they have started dry season irrigation agriculture, stimulated by
government-established groundwater pumps and by mimicking commercial farms that have
been attracted. Settlements are mainly along roads and iron roofed. Amhara and Tigraians are
dominantly Orthodox Christians, though some villages follow Islam, such as Hugumburda in
the Ashenge graben and other villages in the Raya graben bottom.

The Afar pastoralists in the Aba’ala and Kalla grabens practice transhumance, during drought
periods, to remote areas, especially to the escarpment and highlands of Tigray. Movements to
Tigray uplands allow the Afar pastoralists to herd their livestock on denser vegetation as well
as on standing stubble of croplands. Currently, the Afar pastoralists in the Aba’ala graben
become mixed farmers, as they have also established permanent croplands. Communities have
clan-based organisations. Most settlements in Aba’ala graben are composed of a mixture of
clans although each locality is identified with a major clan, which allows them to organize
social, economic and political support in times of crisis. The majority of the Aba’ala graben
communities are Afar and Muslim. However, Hidmo’s population are all Christian Tigraians
who came from the highlands in the mid-20th Century. Unlike most of the houses of the Afar,
houses of this Tigraian village are built by stones and mud, the traditional building style of the
nearby Inderta district in Tigray.
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7. Land use and land cover

The landscapes of the marginal grabens have diversified land use and land covers (Fig. 6).
Grassland and shrubs are the dominant land cover in the western escarpments and eastern horsts,
whereas cropland is the dominant land cover in the graben bottoms. The western escarpment
has better tree cover than the graben bottom (Fig. 6).

Land cover on the escarpments of the Raya graben is dynamic due to human interventions and
rainfall variability. In the Raya graben bottom, teff, maize and sorghum are the dominant
rainfed crops produced. The availability of groundwater in Raya graben has encouraged
agricultural investors and local farmers to intensify their agriculture.

Settlements of the graben bottom are traditionally located on rock outcrops and alluvial fans or
debris cones. The town of Alamata is a striking example, but all along the margins of the
grabens small settlements are located in such positions. Unlike the Aba’ala graben, some
settlements in the Raya graben are located in the plain where agriculture is dominantly practised.
The more ancient settlements in the highlands and on the escarpment, jointly with total
dependence on natural resources of the basins, have resulted in the severe degradation of these
highland areas, that has been curbed in many places due to reforestation activities that can be
clearly recognised on the land use map (northern part of the western escarpment, Fig. 6).
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Fig. 6. Land cover of the study area based on the land cover map at 20 m of Africa 2016
(http://2016africalandcover20m.esrin.esa.int/).
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Chapter 3: On top of the escarpment: the afro-alpine environment
Hanne Hendrickx & Miro Jacob

Department of Geography, Ghent University, Belgium

Introduction

The Ethiopian highlands comprise about 50 percent of the mountains of Africa above 2000 m
which provided Ethiopia with the nickname “Roof of Africa”. For instance, when passing
through the Raya graben, a dark skyline of high mountains, reaching 4000 metre height, form
the horizon. There is Lib Amba Mt. (12°04’N, 39°22°E, 3993 m above sea level) of the Abune
Yosef Mts.; and Ferrah Amba Mt. (12°52°N,

: . " i e = 39°30’E, 3939 m a.s.l.) the highest peak of
o : 3 CWR ] ] Tigray. Farther away, we have the Simen
pvisenald B | Mts. (13°16'N, 38°24°E, 4540 m as.l)
"‘:: L - PR s wu|  home to the highest peak of Ethiopia (Ras
_ S , = Dejen Mt.) (Fig. 1).
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g Ambs of the rivers that flow to the grabens, form a

e
VA T TENEZE BASIN

k n he afro-alpin
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environment, including glacial and
periglacial geomorphology and
mountainous forests and treeline dynamics.

Fig. 1. Location of the three main study
areas: Simen Mts. (A), Ferrah Amba Mt. (B)
and Abuna Yosef Mts. (C).

Glacial and periglacial geomorphology

Current glaciations in the tropics are limited to small, mostly vanishing glaciers on high peaks.
However, landforms of past glaciations are more prominent and have been described at the
Drakenberg of South Africa, the Atlas Mountains in Morocco, the high volcanic plateaus and
the equatorial high mountains of East Africa. In the Ethiopian Highlands, at least three mountain
regions bear evidence of past glaciations (Fig. 2). Below historical glaciers, presumably dating
from the Late Glacial Maximum (LGM, some 20,000 years ago), evidence of intense periglacial
activity has been observed. The mapping of these landforms is important to reconstruct the
paleoclimate in the area. This study serves as a case study for the middle range mountains
(3500-4000 metres high) in the North Ethiopian highlands, where glacial and periglacial
research is limited.
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Fig. 2. Conceptual visualization of the occurrence of past glaciations in Ethiopia, found in the
Simen, Mt Bada and Bale Mts. The equilibrium-line altitude (ELA) on glaciers is the average
elevation of the zone where ice accumulation equals ablation over a 1-year period. Mountain
regions below this historical ELA are less likely to have contained glaciations during the Last
Glacial Maximum.

In all three study areas, inactive gelifluction lobes (Fig. 3A) were found. In the highest study
area of Abuna Yosef, three sites were discovered bearing morainic material from small late
Pleistocene glaciers (Fig. 3B). These marginal glaciers occurred below the modeled snowline
and existed because of local topo-climatic conditions. Evidence of such Pleistocene avalanche-
fed glaciers in Ethiopia (and Africa) has not been produced earlier. Current frost action is
limited to frost cracks and small-scale patterned ground phenomena (Fig. 3C-E).

Fig. 3. Glacial and periglacial landforms found in the study area. Past landforms include
gelifluction lobes (A) and morainic ridges (B). Current periglacial processes are linked to frost
and thaw cycles, including frost cracks and small-scale patterned ground (C), evidence of frost
(D) and needle ice (E).
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The lowering of the altitudinal belts of periglacial and glacial processes during the last cold
period was assessed through periglacial and glacial landform mapping and comparisons with
data from other mountain areas taking latitude into account. A lowering of approximately 600
metres implies a temperature drop around 6 °C in the last cold period (Fig. 4B). This cooling is
in line with temperature drops elsewhere in East Africa during the LGM (Fig. 4A).
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Mountain forests and treeline dynamics

Vulnerable tropical mountain forests provide important ecosystem services for surrounding
communities and for biodiversity. At present, this fragile environment is subjected to
biophysical and socio-economic drivers of change. Human induced land use and land cover
changes have had an undeniable impact on natural vegetation. Consequently, the ecosystem
services of the mountain forests (capturing and storing rainfall, regulating flows, reducing soil
erosion and protecting against floods, landslides and rock fall). Moreover, treelines are
temperature sensitive and thus potentially responsive to climate change.

The studied mountains mountains are peaking above the present ericaceous belt (3200-3700 m
a.s.l.), thus containing the treeline (Fig. 5). Despite recent temperature increase, treelines have
not risen to higher altitudes in the tropical African highlands. Instead, high human pressure has
caused stabilization and even recession of the treelines below their natural climatic limit,
particularly through livestock herding. Additionally, long-term drought periods can be a trigger
for fire-induced deforestation of the treeline vegetation. Overall, the main drivers of treeline
change in the African tropical highlands are anthropogenic pressure and fire. Treeline dynamics
can thus not simply be used as a proxy of climate change for the African tropical highlands.
This also indicates that there is a great need for improved forest protection in order to allow a
natural recovery of the forest.
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Fig. 5. Erica arborea L. forest at the northern slope of Lib Amba Mountain (3993 m a.s.l.) part
of the Abune Yosef Mountain range, with in the background the treeline (white arrow) at approx.
3700 m a.s.l. These are the headwaters of the Hormat River that flows down to Kobo. Photo
Miré Jacob (3 November 2014).

In Lib Amba Mt., the history of forest cover change is opposite between the afromontane forest
belt (between 2000-3200 m a.s.l., dominated by Juniperus) and the afro-alpine forest belt
(above 3200 m a.s.l., dominated by Erica arborea). The afro-alpine forest declined between
1964 and 1982 and extended between 1982 and 2015, whereas, the afromontane forest was
stable between 1964 and 1982 and strongly declined between 1982 and 2015 (Fig. 6).
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Fig. 6. Conceptual model of mountain vegetation dynamics in the North Ethiopian highlands
between 1964 and 2015. Successive vegetation belts: afro-alpine grasslands (yellow), afro-
alpine Erica arborea forests (dark green), and afromontane forests (light green). Forest
dynamics are visualized with arrows; forest contraction (red arrows) and forest expansion
(green arrows).

Landscape changes on the slope of Aboy Gerey Mt., a peak that stands high above the Raya
graben, were studied using repeat photographs (1917-2013). Although we have only one
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historical terrestrial photograph for the study area, this photograph has proven important since
it allows a unique comparison of the land cover over a period of almost 100 year (Fig. 7). The
repeat photograph of 2013 shows that there has been an important land occupation of the
mountain slope since 1917, which is accompanied by an agricultural expansion upwards the
mountain. Indicators of these changes are new settlements on the previously inhabited mountain
slopes and cultivation terraces that reshaped the mountain flanks. The human occupation of the
mountain slope has clearly affected the forest. At some places the forest is replaced by cropland
and overall there has been a severe decrease of the density of the remaining forest. Measurement
of the canopy cover, with a GRS densitometer, indicated that the canopy cover has reduced to
only 15% cover in 2013.

1917 2013
|

3565m 3565m

Fig. 7. Repeat photograph of Aboy Gerey Mountain (3565 m a.s.l.) in the headwaters of Hormat
R.; (left) historical terrestrial photograph by Conte Filippo M. Visconti while he was travelling
by mule from Leggu (Woldia) to Tembien © Italian Military Geographical Institute, Firenze;
(right) repetition in 2013.

Conclusions

— The North Ethiopian highlands bare evidence of past glaciations and periglacial
processes. Current periglacial processes are limited to small scale frost cracks, polygon
patterns and needle ice.

— Although the study area lies underneath the glacier equilibrium line altitude, small
avalanche-fed glaciers most probably existed in the upper north-facing slopes of the
Abuna Yosef range.

— With these observations, a temperature drop of around 6 °C was calculated for the Last
Glacial Maximum in the study area.

— The treeline position in the tropical afro-alpine mountains of North Ethiopia is primarily
anthropo-zoogenic driven.
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— Under protected conditions air temperature is the dominant driver of the treeline limit
in the North Ethiopian highlands.

— Management interventions are vital to restore the important ecosystem services of
mountain forests.
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Chapter 4: Soil erosion around Lake Ashenge in historical times
Sil Lanckriet
Department of Geography, Ghent University, Belgium.

Introduction

Sediment transport can be used as a valuable research tool for the assessment of environmental
degradation in regions with a strongly contrasted climate (alternating wet and dry seasons). For
instance, sediment yield can be used as an effective desertification risk indicator. In particular,
it is recognized that sediment deposited in alluvial fans located downstream of gullies can hold
valuable information concerning environmental change and environmental degradation.
Alluvial debris fans indeed have a ‘preservational role’ as storage zones that contain
information on (past) environmental change. Consequently, alluvial fan sediments can be useful
as research ‘proxies’ for land degradation assessment.

J4B'E

Figure 1. Location of the study site (1 indicates the Menkere gully) (upper photo); and location
of the debris fans (DF4, DF3, DF2, DF1) (lower image), where sediment deposition rates were
monitored, as well as the location of a bed load trap (B), a staff gage and suspended sediment
sampling (S) and a rain gage (R). Background is given by CNES-Astrium images (18/01/2014)
and the village of Menkere is indicated.

Methodology

Our studied ‘Menkere gully’ lies adjacent to the village of Menkere, to the East of lake Ashenge
(Figure 1). Upstream, the gully incises rather shallow colluvium on steep slopes. Downstream,
the gully incises a flat but thick alluvial-colluvial mantle. The gully catchment is mainly
composed of croplands, with some areas of woody vegetation on the steeper slopes. In the gully,
a sequence of three debris fans is evident (coded DF1 to DF3) and one additional fan extends
into the lake (DF4, at the closest position by the lake) (Figure 1). Just Northeast of DF4, a
conical spot of grazing lands most probably also corresponds to an inactive debris fan (Figure
1), although this could not be clearly substantiated on the field. Cross-sections of the debris fans
show that they are built-up by stony debris. The gully catchment has an area of 221 ha.
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An in-depth assessment of contemporary hydro sedimentary processes now in operation is a
prerequisite for understanding past sedimentary behavior. Therefore, we measured (i) rainfall,
(i1) peak discharge, (iii) bed load transport, (iv) suspended sediment load and (v) spatially
distributed sediment deposition rates along the Menkere gully. We also conducted interviews
with nearby farmers and investigated (historical) aerial photographs.

12.580°N

12.575°N

12.575°N

Figure 2. The Menkere gully as visible on the aerial photographs since 1936. Minor flat zones (sediment
accumulations) are indicated with red circles; active incisions with red arrows.

What alluvial debris fans can tell us about past environmental change

Linking the interviews, the sequence of aerial photographs, and the discharge/sediment
measurements, allowed us to reconstruct the sedimentary evolution of the gully since the 1930s
(Figure 2). Conceptually, we identify five different sedimentary “periods”; in doing so, we show
that flashflood sediments can be useful proxies for land degradation.

Sedimentary Phase 1 (1930s — 1950s): low peak discharges

As there are no debris fans visible on the early aerial photograph, the first half of the 20™" century
was a period with relatively low peak discharges. Upslope gullies around Ashenge were
stabilized during this period.
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Sedimentary Phase 11 (1960s — 1970s): increasing discharges and sediment supply

The aerial photograph shows sediment accumulation along the gully at the current location of
DF3 (Figure 2), although there is no sign of debris fans at the lake shore. This must have been
a period with predominantly higher discharges and sediment supply from the catchment.

Sedimentary Phase 111 (1970s — 1990s): high discharges

The interview records on this period are in line with the appearance of DF4 on the aerial
photograph of 1986, while the former sediment accumulation (DF3) gets incised. This indicates
a period with predominantly high discharges and high amounts of sediment towards DF4 and
the lake.

Sedimentary Phase 1V (2000s): upslope migrating debris cones

Following the interviews and the appearance of DF1 and DF2, the debris fans are developing
as an “upslope migrating” sequence. DF4 continues to grow and DF3 reappears, pointing to a
period with decreasing discharges.

Sedimentary Phase V (2010°s): observations of a ‘clear water effect’

We observed recent gully incision activity, indicative of even lower amounts of sediment supply
towards the gully segment. In particular, DF1 and DF2 are incised by a channel, according to
all farmers no older than 3 years. About 100 m upstream of DF1, this young channel incises the
former gully bottom. Decreased amounts of upstream sediment supply are indicative of a ‘clear
water effect’, meaning that the floods come with less sediment and have power to incise the

gully bed.

Conclusions

In this integrated study of hydro-sedimentary changes around Lake Ashenge, we identified
distinct sedimentary periods over the past decades:

Q) a period of sedimentary stability in the early 20™" century;

(i)  aperiod of sedimentary destabilization in the 1960s — 1970s;
(iii)  aphase of sedimentary instability in the 1970s — 1980s;

(iv)  aphase of upslope migrating debris cones in the 1990s — 2000s;
(V) a period with more clear water effects (2010s).

During phases of retreating gully heads, progressive downstream sedimentation occurs in the
alluvial debris fans, while ‘clearer water’ results in increased deposition of finer sediment
particles in the lake. The periods of active gully sedimentation correlate well with periods of
intensive gully erosion and clearly co-evolve with periods of decreased vegetation cover under
insecure land tenure, drought and lower base levels. These findings illustrate the usefulness of
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sediments in alluvial and lacustrine debris fans as adequate proxies for past land degradation
analyses.
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Chapter 5: Cropping systems in the Raya uplands

Amaury Frankl & Mir6 Jacob

Department of Geography, Ghent University, Belgium

Introduction
About 33% of the Northern Ethiopian Highlands is used as cropland. Nearly all this land is
cultivated by smallholders who each have about a hectare. Through centuries of practice and
experience, communities have
developed their farming systems to 4]
optimize production (Fig. 1). The -
resultant indigenous knowledge on *
farming practices has been )
transferred from generation to [j
generation.  Such  indigenous
knowledge is generally perceived 2
as being very valuable, as it has
allowed communities to farm in a
relatively sustainable way over '/
many centuries. The aim of this '
study was to investigate the |
relationships  between  spatio-
temporal variability in cropping
systems and rainfall in Northern
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Fig. 1: Length of crop growing period. Wi
| Horizontal bands = second growing
period >45 days. (Goebel & Odenyo, 1984)
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Fig 2. Cropping calendars in the valley bottoms around Lake Ashenge for years perceived by
farmers as dry, normal and wet. Major crops are indicated with a thicker line.

Methodology: Defining the cropping calendars

Cropping calendars were created based on the period between the first day of sowing and the
last day of harvesting. Cropping calendars were produced for years perceived as dry, normal
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and wet by farmers (Fig. 2). Therefore, farmers were asked to list dry, normal and wet years,
and to define the cropping system they applied. Annual precipitation maps were used to define
dry, normal and wet years in terms of the annual rainfall. Farmers’ perceptions of the rainy
season are, however, not only based on the total yearly precipitation but also on the distribution
of rainfall throughout the cropping season. Case studies were done in ten catchments between
Senkata and Korem. Here we illustrate it with the case of Menkere near Lake Ashenge.

Variability in cropping systems as related to rainfall

An analysis of spatial variability in cropping systems indicated that three gradients occurred in

the distribution of cropping systems.

e Catchment gradient: a result of topography, soils and hydrology with longer crop cycles
in the valley bottoms than on the valleysides and flats.

e Latitudinal gradient: shorter to longer cropping systems from north to south. This
corresponds to the north to south increase in precipitation.

e Altitudinal gradient: caused changes in temperature with altitude. This is important for
plant associations within cropping systems. For example, fenugreek as a leguminous crop
will not be included in crop rotations at high elevation but instead horse bean will be
cultivated. Similarly, among the barley cultivars, burguda will not be part of the LNC at
high elevations but instead shewa will be cultivated.

Table 1 Properties of the cropping systems in Northern Ethiopian Highlands.

Duration of
the cropping
system
(months)

Cropping system Sowing month Major crops

Barley (Hordeum vulgare,
Short crop cycle 4 July/August “white saesa” variety) and
lentil (Lens culinaris)

Wheat (Triticum aestivum
“selected” variety) with
barley (“white saesa”
variety) or lentil

Barley (“burguda” variety),
wheat (“black” and “local”
6 May/June variety) and/or tef
(Eragrostis tef “red”
variety)
Sorghum (Sorghum bicolor),
Maize (Zea mays)

Short normal crop

cycle 5 June/July

Long normal crop
cycle

Long crop cycle 9 March/April

Two crops in one year:
barley (Hordeum vulgare)/
wheat (Triticum aestivum)

and horse bean (Vicia faba)/
field pea (Pisum sativum)

January/February

Long two crop cycle 10 and July/August

As a result, shifts between dry and wet years will cause catchment-scale and north-south shifts
in the cropping systems. Five cropping systems were identified with typical cropping season
lengths: short crop cycle (four months), short normal crop cycle (five months), long normal
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crop cycle (six months), long crop cycle (nine months) and long two crop cycle (ten months)
(Table 1).

Adry - B: normal 5 : C: wet
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I ; Sy awn °]
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Fig 3. Cropping systems maps for the Lake Ashenge study area for years perceived as dry,
normal and wet by farmers. A: dry year (e.g. 2004), B: normal year (e.g. 2009) and C: wet
year (e.g. 2006).

Conclusion

Farmers in the Northern Ethiopian Highlands have adopted flexible farming systems that
consider local environmental conditions as well as inter-annual variations in rainfall. Each of
these systems has a typical crop association. At the catchment scale, cropping systems on
valleysides are of shorter duration than cropping systems in valley bottoms, which reflects
contrasting soil and hydrological conditions. At a regional scale, a north to south change in
cropping systems occurs, with crop calendar length increasing towards the south.
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Chapter 6: Unequal land access or equity: impacts on land degradation
around Lake Ashenge

Jan Nyssen & Anthony Denaeyer

Ghent University, Belgium.

Introduction

Land degradation is Ethiopia’s biggest environmental problem, as it has an adverse impact on
soil productivity, and therefore it threatens food security and livelihoods. In parallel, land
reforms and redistributions took place, particularly between the late 1970s and early 1990s. We
investigated the land tenure policies in the uplands along the grabens over more than 100 years,
and particularly how land distribution impacted land degradation.

We considered the context of socioeconomic, cultural and political factors in order to
understand the characteristics of change in farmers’ decisions regarding sustainable land
management, and towards sustainable soil conservation investment in order to reduce land
degradation.

1868 © K.0.R. Museum, Lancaster (U.K.) 1937 © AOI Archives, Firenze (1.)

o

1961 © A.T. (Dick) Grove 1975 © R. Neil Munro

Fig. 1 Five photos (through time) of the
landscape around Menkere. Note that the
2007 © Jan Nyssen first one is taken from the northern side.
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Fig. 2. Aerial photograph of the Menkere area in March 1936 (Source: AOI, 1939). The village
of Menkere is on the hill in the centre of the photo. The small forest indicates the compound of
Dejazmach Hailu Kebede (one of his three residences). Nowadays the trees have been cut, but
they are visible on the 1937-1961-1975 photos (Figure 1).

Methodology

The study was carried out in Menkere, a village in the catchment of Lake Ashenge (Fig. 1). It
is based on the interpretation of aerial photographs since the 1930s (Fig. 2), before land reform,
and a detailed field survey among 104 farmers and on 113 plots located on different catenary
positions. In addition, 25 topsoil samples were collected for soil fertility analysis and 11 profile
pits were made in order to map soil variability.

Land tenure through the 20th Century

Up to 1975, there was feudality and usufruct tenure with large landholders and many tenant
slaves. The village of Menkere was controlled by Dejazmach Hailu Kebede, who was killed by
the Italian army in 1937, after organising strong resistance. In the feudal regime, the richer
farmers typically had large lands on the footslopes, whereas the wetter and colder areas near
the lake and also the mountain area were cultivated by the poorest farmers. The interviewed
farmers typically remembered that Emebet Shawanesh, widow of Dejazmatch Hailu, owned
large lands, though the lower ranked feudals managed to get hold of some of her lands. We
could map these lands in the field using focus group discussion methods, for the situation of
1964, 1977 and nowadays (Fig. 3).
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1964.

Land near the lake (at left of the
photo) and in the mountains
(right) were left fallow or
ploughed by the poor.

Derg period.

2014.

Some areas in the mountains
have  been closed and
reforested. Note the presence of
a beekeeper.
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Fig. 3. Maps of land holdings in Menkere. Areas not mapped represent disagreements and
uncertainties during group discussion.
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Table 1. Land holdings in Menkere during feudal and Derg times
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At the feudal times, there were very unequal areas of land holding (Table 1). When the Derg
government came to power, they did a first land reform. All interviewees stated that this land
distribution was hastily and not equally done. One farmer said that “it depended whether you
came by foot or by hand”. Table 1 (last column) shows that, indeed, the previous feudals
managed to larger land holdings.

The TPLF fighters organised another land reform around 1990, that is still prevalent. Locally
some corrections have been done, but the aim is to have the same land area to every farmer
(men and women). Some land readjustments have been done so that youngsters could get land,
through lottery system. Land certification has been done afterwards, and no further sharing is
allowed. However, informally there is a land market; people are renting, but not selling land.
All in all, nowadays, most farmers cultivate two or three plots (Fig. 4).

In Ethiopia, over the last 20 years, cereal production (par area of land, and per capita) has
strongly increased (Fig. 6). This is related to the efforts for land management, the feeling of
ownership of the land, and investments done in agriculture. The land fragmentation, to a large
extent, allows also the farmers to apply very intensified and diversified agriculture, that comes
close to “precision agriculture”.

Conclusions
— In Menkere, there is a complex interaction between biophysical and social system
— Equal land sharing is attempted
— Land holdings are small
— This leads to removal of the matrix vegetation
— Many farmers need off-farm income (part- or full-time)
— Crop production and soil conservation have strongly increased
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Chapter 7: Land cover and woody vegetation cover changes along the Raya
escarpment

Sofie Annys
Department of Geography, Ghent University, Belgium.

Introduction

During the 20" century, the Ethiopian highlands have faced serious environmental degradation
due to high human population and livestock densities. Recent observations, however, suggest a
reversal towards a greener, more rehabilitated environment due to the establishment of soil and
water conservation activities since the mid-1980s.

In this study, we analysed the land cover changes along the Raya escarpment using ground
reference data (ground control points and semi-structured interviews) and multi-temporal
Landsat satellite images for the period 1972 to 2014. As a re-greening of the study area was
expected, special attention was given to the distribution of woody vegetation species in the area.

Methodology

An extensive field campaign was conducted in the summer of 2014. 500 ground control points
were collected for the supervised classification of atmospherically and topographically
corrected Landsat images of 1972, 1986, 2000, 2005, 2010 and 2014. Based on map
differencing, the evolution of the different land cover classes over time was studied, with a
special focus on the woody vegetation classes (bushland and forest). In the field, the main
woody vegetation species were identified, and their spatial distribution was studied. The land
cover changes were then linked to (i) regional environmental policies and (ii) rainfall variability,
using locally corrected satellite-derived rainfall estimates.

Land cover changes (1972 — 2014), environmental policies and rainfall variability

All land cover maps (Fig. 1) were produced with reasonably high accuracies (Kappa
coefficients greater than 0.82), which allowed us to study the land cover changes over time.
The main observed results (Fig. 2) were a strong decline in farmland (from 60% to 35%) and
an important increase in woody vegetation (from 33% to 53%) between 1972 and 2014.

In 1972, the study area was degraded as a result of social and land inequities during the feudal
era (before 1974). Due to the civil war, a severe drought (1979 - 1984) and the inherited
environmental situation, the physical landscape continued to degrade until 1991 in most places
of northern Ethiopia. However, new land reforms (nationalisation of farms and land
redistribution to all households) were implemented between 1974 - 1991 and soil and water
conservation efforts were undertaken starting from the late 1970s. Most of the re-greening of
the Raya escarpment already occurred between 1972 and 1986, resulting in a nearly constant
proportion of woody vegetation (53%) until 2014. Most probably, this ‘early rehabilitation’ can
be attributed to the marginal location of the area, adjacent to the fertile Raya Graben, as
protection started later in the open fields of the Ethiopian Plateau. From the 1991 onwards, a
new land reform was organized (all farmers received a similar share of land) and soil and water
conservation measures were implemented at large scale to restore degraded soils and
vegetation.
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While most land cover changes may be attributed to environmental policies, rainfall variability
proved to have its share as well. According to statistical analysis, the land cover changes in the
study area have to some extent been impacted by rainfall variability between 2000 and 2014.
Indeed, a very strong correlation between forest shrinkage and decreases in 5-year average
annual rainfall was observed. As these results only explain a small proportion of the observed
land cover changes, it can be concluded that human impact is the main driver of these changes.
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Fig. 1 Land cover maps of the Raya escarpments for the period 1972 to 2014
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Fig. 2 Observed land cover proportions for the period 1972 to 2014

Proportional land cover

As historical terrestrial photographs were available for the Gira-Kahsu catchment, an additional
verification of the results was done by comparing these photographs with the mapped land cover
changes (Fig. 3). Here, based on both sources, we observed the evolution of a degraded
catchment (1972) towards an almost fully protected forest (2014).
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Fig. 3 Time lapse of the land cover changes in the Gira-Kahsu catchment (1972 — 2014)
(Sources repeat photographs: R.N Munro (1975), A. Crismer (1994) and J. Nyssen (2006, 2015))

Woody vegetation cover (2014)

During the field campaign, a total of 243 woody vegetation assemblages were observed along
the escarpment, stretching over an elevation gradient of about 2200 m (1455 to 3660 m a.s.l.).
Fig. 4 gives an overview of the altitudinal distribution of the dominant woody vegetation
species that were observed at least 20 times. Observations of the afro-alpine zone (e.g. bushes
of Erica arborea, Helichrysum sp. and Lobelia rhynchopetalum) are not included. Overall, the
woody vegetation cover in the area is dominated by pioneer species (e.g. Dodonea angustifolia,
Carissa edulis and Euclea racemosa) and indicator species for disturbance (e.g. Cadia
purpurea, Opuntia ficus-indica and Aloe sp.). Late-successional species that once dominated
the escarpment (e.g. Juniperus procera and Olea europaea), almost completely disappeared
from the open-access forests, and only can be found in protected (church) forests.
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Fig. 4 Main woody vegetation distribution along the Raya escarpment (exotic species in dark
grey, pioneer species and indicator species for disturbance in light grey)
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Conclusions

— Re-greening of the Raya escarpment between 1972 and 2014, with a nearly constant
proportion of woody vegetation cover (53%) since 1986

— The re-greening most probably is the result of effective environmental policies, but can
also partly be attributed to rainfall variability

— Despite the re-greening of the area, only 8% of the Raya escarpment is covered by dense
forest in 2014

— The omnipresence of pioneer species and indicator species for disturbance, highlights
that a lot of effort still must be done to further rehabilitate the area
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Chapter 8: Successful land rehabilitation on the escarpment
Tesfaalem Ghebreyohannes Asfaha

Department of Geography and Environmental Studies, Mekelle University, Ethiopia

Introduction

Owing to high rate of deforestation, the catchments in the western rift valley escarpment of
Ethiopia were severely degraded by the first half of the 1980s.The severity of the land
degradation was mostly evidenced by various hydro-geomorphologic features including
development of dense gullies and scar networks (Fig.1) in the steep slopes transporting huge
amount of floods and sediment composed of very big boulders down to the Raya graben. To
reverse land degradation in general and protect Alamata town from the devastative floods in
particular, reforestation interventions that included establishment of exclosures were initiated
in the mid-1980s.

Fig.1: Scars incised to the bed rock on steep slope mountains with less vegetation cover

The objective of this study was to (1) examine the role of the rehabilitation intervention on
reduction of land degradation as represented by scar networks; and (2) identify the major stream
channel adjustments occurred in response to vegetation cover changes.
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Fig.2: Location of the study area.
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Methodology

Twenty adjacent catchments (12°22'-12°30'N; 39°27'-39°35'E) (Fig.2) which were severely
degraded up to the mid-1980s and were later reforested to various degrees were selected (Fig.3).
Mean Normalized Difference Vegetation Index (NDVI) values of each catchment were
computed from Landsat satellite image (Thematic Mapper) of 25 December 2010. NDVI is a
measure of greenness of an area, it represents vegetation cover. To examine the impact of the
reforestation intervention on minimizing land degradation as represented by density of scar
networks, all scar network on the steep slopes of the 20 catchments were mapped on Google
Earth imagery (acquired in October 2005) and were verified in the field. Then the average scar
density of each catchment was explained in terms of average NDVI and topographic
characteristics of the catchments. Detail field surveys and interviews with elderly local farmers
were carried out to identify the major stream hydro-geomorphologic adjustments occurred in
response to reforestation interventions.

1939 1970

2006 2015

Fig.3: The incidental series of repeated photographs of the Gira Kahsu catchment shows good
vegetation cover in 1939, expansion of agricultural land in 1970s and a marked reforestation
thereafter. Photo credits: 1939 IAO, 1970 Larry Workman, 2006 Jan Nyssen, 2015 Tesfaalem
G.

Improvement in vegetation cover and reduction in land degradation

The results indicate that the vegetation cover of many catchments in the study area has improved
due to the rehabilitation interventions that have been carried out starting from the mid-1980s.
Consequently, land degradation as represented by scar density has decreased with increasing
NDVI (Fig. 4A) except for the sloping catchments with very steep slope gradient (>60%) where
scar density increased with increasing slope gradient (Fig.4B). Particularly, in the Gira Kahsu
catchment (Fig. 3), where the most intensive rehabilitation activities were carried out and where
the larger part of the catchment is exclosed, the improvement in vegetation cover was
remarkable. Hence, the lowest scar density was observed.
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r’=0.28, n=20, p=0.012 r’=0.21, n=20, p=0.041
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Fig. 4: Relationship between NDVI and scar density (left) and between average gradient of the
steepest slopes (>60%) and scar density (right).

Adjustments of stream channels in response to vegetation cover improvement

The improvement in vegetation cover was also associated with reduction in peak discharge and
size and volume of bedload sediment flux. Subsequently, various stream channel adjustments
occurred. Notably, abandonment of many of the previously braided stream channels in favor of
single thread streams, stabilization and colonization of lateral bars by vegetation and incision
of lower stream channels were observed in the field.

Fig.5: Large boulders recently deposited in the active channel of the less forested catchment
(A) and the gravelly active channel of the reforested Gira Kahsu catchment, finding its way
between older boulder deposits (B).
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Conclusion

Unlike earlier catchment studies in nearby areas where catchments were insufficiently
differentiated to demonstrate effects of variable land use, this study has shown that catchment
reforestation in northern Ethiopia has led to a remarkable stabilisation of the slopes in less than
30 years as well as to narrowing and incising rivers that should be interpreted as signs of a
resilient catchment.
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Chapter 9: The floods from the escarpment
Tesfaalem Ghebreyohannes Asfaha

Department of Geography and Environmental Studies, Mekelle University, Ethiopia

Introduction

The hydrological behaviour of mountain streams is controlled mainly by interrelations of
precipitation variability, vegetation cover change, and local topographic factors. Particularly, a
change in vegetation cover effectively regulates flood generation from mountainous catchments
in a relatively short period of time. With deforestation, due to their steep stream gradient
profiles, the high intensity of precipitation in such catchments leads to high flow velocities and
extreme peak discharges; usually associated with destructive torrents and floods that usually
produce environmental, economic and human losses.
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Fig.1: Location and altitude map of the study area

By taking five steep mountain catchments in the western Rift valley escarpment of Ethiopia
(Fig.1) which were deforested by the mid-1980s and reforested later, this research aimed at: (1)
analyzing the runoff response of steep mountain catchments which are under way of forest
restoration; (2) examining the relationship between estimated peak discharge event, vegetation
cover and geomorphologic factors; and (3) testing the usefulness of simple daily measurements
of precipitation and estimated peak discharge to analyze the hydrological behavior of mountain
catchments.

Methodology

Monitoring precipitation distribution

Seven rain gauges were installed to collect daily rainfall events between 2012 and 2014 (Fig.
2). The locations of the rain gauges were selected based on geographic spreading, topography,
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altitude and accessibility, giving a density of one rain gauge per 5.2 km2. This allows for
accurate representations of spatio-temporal rainfall variability. The station precipitation data
were converted in to a daily precipitation map using the Thiessen Polygon method and finally,
area-weighted average daily precipitations over the catchments (Pq) were calculated.
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Figure 2: Location of precipitation and discharge monitoring stations.

Land cover mapping

Land cover mapping was carried out based on very high-resolution Google Earth imagery
(GeoEye image with 0.6 m resolution of February 1, 2014) using on-screen digitization process.
Having prepared the land cover map, detailed field verifications were carried out. Finally, the
percentage of each land cover class was computed per catchment.

Geomorphometric analysis

The morphometric characteristics of catchments and their streams are important factors
affecting various aspects of runoff. These factors influence mainly the concentration or time
distribution of runoff from catchments and stream channels. Hence, for every catchment, 12
geo-morphometric factors which mainly affect runoff were calculated based on ASTER-DEM
with 30 m spatial resolution and topographic maps with a scale of 1:50,000.

Calculation of peak discharge

The amount of discharge from catchments can be directly measured in different ways. In
mountainous streams, however, direct measurement during the floods presents many challenges
mainly due to the flashness of the flow and its destructive character. Most stream flow data in
such occasions are collected indirectly using crest stage gauges which are able to measure the
flood stages of the highest stream flow events. Hence, in the current study, 332 flood stage
events were measured in the rainy seasons of (2012 to 2014) using 11 crest stage gauges (Fig.
3) which were installed in the outlets of the catchments (Fig.4). Flood peak stages were
converted to peak discharge (Qp) values using the Manning’s equation. To neutralize the effect
of rainfall and size of catchments on runoff, the Q, values were converted to Catchment Specific
Peak Discharge Coefficient (Cp).
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Fig. 3: Crest stage gauge (A), sawdust being placed in the bowl of the lower cap before and
after measuring peak stage (B), remnants of sawdust on wood staff indicating the highest peak
stage of the flood (C), and wood staff being cleaned for the next flood (D).

Fig.4. Daily rainfall of 21.1 mm in Wera catchment (23/8/2013) resulted in a flash flood peak
of 128 m® per second. Crest stage gauge appears in the middle of the opposite bank.

Variability in flooding (peak discharge)

Great differences were observed in peak discharge (Qp) ranging from 5.24 to 77.74 m® per
second and in catchment-specific peak discharge coefficient (Cp) among the 11 catchments.
Maliko, Bora and Hawla upper stations showed highest Cp. Conversely, Gira Kahsu lower and
Gira Kahsu upper catchments showed the lowest C, (Table 1).
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Table 1: Major results, related to the peak floods observed in the catchments

Catchment Catchment | Mean Qp Cp Time of Vegetation | Area weighted

Area (km?) m® per concentration | cover (%) | Event rainfall
second) (min)* (mm)
Wera 12.52 63 0.29 61 28.4 19.0
Mistay Aha 3.79 16 0.26 23 29.6 16.9
Hara 24.47 78 0.20 71 25.4 15.3
G. Kahsu upper 1.87 5 0.16 14 51.0 16.9
G.Kahsu lower 5.89 11 0.11 31 57.5 155
Hawla upper 0.83 13 0.74 8 3.9 20.8
Hawla lower 3.38 28 0.44 25 15.5 18.8
Jeneto upper 0.60 9 0.72 8 8.9 19.8
Jeneto lower 1.00 16 0.72 10 8.4 19.5
Maliko 0.36 5.63 0.87 4.19 16.0 19.5
Bora 1.76 25.48 0.79 12.88 12.7 19.5

Time of concentration (T¢) is used as a proxy of the time for runoff to flow from the catchment divide to the outlet.

Major determinant factors of peak discharge

As presented in table 1, the catchments vary in size and this is expected to influence the amount
of rainfall they received. Hence, the catchment-specific peak discharge coefficient (Cp)
neutralizes the effect of these variables and thus, appropriately compares catchments in terms
of their runoff responses. Therefore, in this study, focus is given to catchment-specific peak
discharge coefficient (Cp) than to peak discharge (Qp).
A statistical analysis showed that vegetation cover is one of the most important variables that
strongly influences runoff response of the catchments (Fig.5).
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Moreover, out of the 12 morphometric variables calculated, only three variables; average
catchment slope gradient (R? = 0.37, P<0.05), catchment length (R? = 0.37, P<0.05) and
calculated time of concentration (R? = 0.43, P<0.05) were positively related to Cy.

Conclusions

1. The hydrologic behavior of reforesting steep mountain catchments is strongly
determined by percentage of vegetation cover.

2. In steep mountainous catchments where it is difficult to directly measure discharges
using the conventional techniques, the hydrological behavior of such mountains could
be successfully understood using simple measurements of daily rainfall and peak
discharges
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Chapter 10: Rocky deposits on the foot of the escarpment
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Introduction

Hydrogeomorphic processes associated with gravity and running water are frequent events in
mountainous streams. As a sediment storage type, rocky deposits/debris cones are widespread
terrestrial landforms along the Rift Valley. Despite their geographical expansion, the
characteristics of the debris cones with their headwater are unknown to policymakers. Hence,
we examined the distribution and their livelihood effects of debris cones on the foot of the
escarpment.

Methods and materials

The study area is located in the western margin of the Rift Valley (Figure 1). Google Earth Pro,
Landsat images and questionnaires were used to address the objectives. Inferential statistics and
coupled criteria analysis were applied to define the thresholds of the parameters of debris cones.

IS"E &0E 45°E S0°E

39°15°E 39"30°e 3P45E

S'N 10°NK 1S8°N

3'15'N

m

-4

3 4
0

]

b

13°N

12°45'N

12°30N

12°15'N

Elevation (m as.l)
<1000
Towns [--11000 - 1500

-2 [ 3300 - 2000
Orainage nelwork[: 2000 - 2500
Graben bottom I 2500 - 3000

; I 3000 - 3500
i PRV o

12°N

Figure 1: Location of the study area.

Characteristics of debris cones and their formation
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The majority of the debris cones in Raya graben are located at the eastern horst (98%) whereas
limited debris cones were found at the western mountain (2%). In Aba’ala graben, however, all
debris cones were found at the western escarpment. Also, the characteristics of debris cones
varied between Aba’ala and Raya grabens (Table 2). The Raya graben had a larger average area
of sediment cones (411 ha) than the Aba’ala (15 ha).

Table 2: Physical characteristics of debris cones (mean) in the Aba’ala and Raya grabens.

Morphometric Raya graben debris cones Aba’ala graben debris cones
parameter (n=32) (n=6)

M£SD Min Max MxSD Min Max
Slope (%) 13.1+5.3 5.0 26.0 14.8+6.7 8.0 26.0
Depth (m) 3.8+2.12 0.2 8.0 2.8+1.2 2.8 6.0
Area (ha) 12.842.5 0.2 92.9 2.49+1.8 0.8 5.6
Volume (million 0.75+£0.15  0.003 7.43 0.08+0.04 0.05 0.16
m3
Ele)vation (mas.l) 1462+59 1352 1602 1490+18 1465 1535

The characteristics of the upper catchment control the development of debris cones. The flow
length of the headwaters was the major predictor to the debris cone formation. The slope
gradient of the upper catchments is also a boundary condition for the response of debris cones
(Figure 2).
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Figure 2: The elevation and average slope of the upper catchment with and without debris
cones.

Expansion of debris cones affected the livelihoods of farmers

Excessive destruction of natural assets related to debris cones has a negative implication on the
lives of the farmers. In particular, the expansion of debris cones devastated 112 ha of farmland
(Figure 3). Also, the unexpected flash floods displaced 35 smallholders. Thus, an excess
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sediment export from the headwaters could risk the sustainable agriculture in the downstream
(Figure 4).
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Figure 3: Farmland size between 2008 and 2016 on the foot of the debris cones in the grabens.
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Figure 4: Illustration of the debris cone and their implications at the graben bottoms: A)
Enquyber debris cone that expands to crop fields, B) sediment deposition affecting new houses
in Aba’ala graben and C) flash floods deposited large debris volumes in Raya eastern horst.

Managed debris cones render the societal and environmental benefits to the farmers. In the rainy
season, rocky deposits retained floodwater from the headwaters. The alluvial sediments at the
loops of the debris cones are also fertile soils that could allow crop cultivation. Furthermore,
the debris cones are essential landscapes for spate irrigation. As a result, the gentle gradients of
the debris cones are desirable sites for the residential area.

Conclusion

Rocky deposits were formed at the juncture of steep hillslopes and the flatter graben bottoms,
agriculturally productive areas. As an indicator for soil erosion at the upper catchment, we
found large debris cones on the slopes. The expansion of debris cones affected the livelihoods
of the graben farmers. To conclude, debris cones have spatial heterogeneities with increasing
geohazards to the lives of the graben farmers. We suggest integrated headwater rehabilitation
could reduce the expansion of debris cones to the agricultural productive areas.
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Chapter 11: River sedimentation at bridges in the Raya graben
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Introduction

The Raya graben is a semi-closed marginal graben of the Ethiopian Rift Valley (with a total
area of 3,750 km? located between 12°-13°N and 39.5°-39.8°E) and a typical semi-arid
depositional area onto which several ephemeral rivers draining the graben shoulders transfer
large quantities of sediment through the main river stems and wide distributary systems. There
is a big concern of thick bridge sedimentation and consequently frequent excavation of
sediments under the bridges in Raya graben (Fig. 1). This study investigates the temporal
variability and effects of bio-climatic factors and bridges on local hydro-geomorphic conditions
that cause excess sedimentation and flood hazard in rivers of the Raya graben. Vegetation cover,
rainfall (Fig. 2), river channel geomorphology, and hydraulic conditions were taken into
account to understand the thick sediment deposition under the bridges.
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Figure 2. Average monthly rainfall
distribution in the study area.

Figure 1. Thick sediment deposition in
Gobu River at the small town of Waja.

Methodology

This study was conducted based on bio-physical and hydro-geomophologic analysis in the Raya
graben 16 rivers that extend from the southern to the northern part of the graben. In order to
understand the reason for a thick sediment deposition under the bridges in the rivers, vegetation
cover was analysed using NDVI, rainfall probability was analysed using the meteorological
data of Alamata, Korem and Maychew. Moreover, grain size data was collected from the river
beds from the bridges up t0100 m upstream of the bridges. The stream-bed gradient was
measured with a Leica Disto D8 distance meter. The local hydraulic process around the bridge
ridges were analysed.
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Channel/Bank erosion and deposition

Channel and bank erosion are frequent
phenomena in the rivers in Raya graben (Fig.
3). Sediment thickness was measured in 16
bridges that were built in 2002. In some
bridges, the sediment thickness reaches up
to 1-:6 m. From field observation and local
people key informants, we also learned that
in the last 15 years, the bridges experience
thick  sedimentation and  clogging
accompanied by excavations to protect the
nearby settlements and cropland from
flooding. Previous studies on the Raya
graben ephemeral streams and unsystematic
observations of specifically dug pits and
pits excavated for sand harvesting by local
people at bridges (Fig. 4) indicate that the
thickness of an individual flood layer
deposit ranges from 0-3 to 1-0 m (Figure 4).
Two or three consecutive intermediate to
high floods are therefore capable to lay
down a thick deposit and almost to close the
span of a bridge like that depicted in Figure
1. These bridge sediments are yearly

excavated before and at the middle of the Figure 4. Deposition by an individual flash
rainy season. flood, an example from Hara River.

Figure 3. Bank erosion in upstream reach
of Oda River. The flow direction is to the

right of the photo.

Channel geomorphology

The main geomorphic characteristics and the median grain size of the reaches upstream of the
study bridges were measured in the field, and the main data are reported in Table 1. The mean
width of the channel upstream of the bridge is almost double the average bridge span. For all
the bridges, the average Wp/W: ratio is 0-53. That is, the upstream channel has its width almost
halved as it approaches the bridge.

The stream-bed gradient at the bridges (mean values 1.65%) is commonly steeper than in the
upstream channel (mean value 1.24%) (Table 1).

Bed material is mainly sand and, subordinately, gravelly sand. The coarsest sediment is found
in the Etu River where the upstream channel median grain size (Dsoc) is 4-31 mm, whereas at
the bridge (Dsob), it is 5-:38 mm. The finer river reach is Gobu north with 0-34 and 0-37mm,
upstream and at the bridge, respectively. Similarly to stream-bed gradient, average Dso at
bridges is by 20% larger than in the upstream channel, and in only four rivers, Dsoc is coarser
than Dsob, Nnamely Boyru, Agagatulo, Burga, and Lalatera; it is worth noticing that three of these
rivers (Boyru, Burga, and Lalatera) have bridge spans larger than the upstream channel width.

91



Table 1. Main characteristics of the reaches upstream of the study river bridges

Bn | River (bridges) A We Wy Se Sb Dsoc Dsop
(km?)  (m) (m (% (%) (mm) (mm)
1 Gobu north 274 22.4 4.03 025 046 0.34 0.37
2 Gobu N of Waja 274 1835 8248 046 105 031 0.88
3 Gobu at Waja 274 728 5857 0.78 0.8 0.46 0.48
4 Gobu south 274 540 2728 018 069 0.55 0.55
5 Harosha north 138 725 3529 107 0.78 0.57 0.99
6 Harosha south 138 1426 2984 026 123 0.65 0.74
7 Haya 82 426 2898 048 0.74 0.85 2.30
8 Digala 72 60.7 2338 124 156 071 -
9 Boyru 69 106 1770 082 0.72 218 0.76
10 | Agagatulo 69 4.3 2.25 331 491 310 2.65
11 | Beri Teklay 69 3.5 2.53 3.53 5 262 2.60
12 | Dwealga 58 371 1650 1.02 045 1.68 3.19
13 | Burga 53 148 1940 070 118 246 1.28
14 | Tirge 41 116 1183 130 037 149 1.43
15 | Hara 39 96.0 80.00 124 184 174 2.79
16 | Etu 34 200 1900 136 285 461 5.38
17 | Oda 68 832 2311 117 053 0.51 0.54
18 | Lalatera 20 3.9 6.96 0.96 1.3 1.99 0.97
19 | Warsu 12 295 2331 158 256 184 3.60
20 | Hada Ayferah 4 5.7 2.50 3.03 4.01 133 3.45
mean 103 486 2575 124 165 150 1.84

Bn, bridge number; A, catchment area (km?); W, upstream channel width (m); Wb, bridge span
(m); Sc, stream-bed gradient of the upstream channel; Sy, stream-bed gradient at the bridge;
Dsoc, bed material median grain size of the upstream channel stream bed (mm); Dsop, median
grain size of bed material at the bridge (mm).

Hydrogeomorphologic processes and sediment deposition
Figures 5 and 6 show that the original stream-bed gradient and bed material grain size change
as the rivers approach the bridge, and the bridge narrowing has some effect on them. Hence, as
few researches suggest, it is important to analyze the local hydro-geomorphic processes and
their potential impact on river sedimentation.
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Figure 6. Plot diagram of bed material median grain size in the bridge reaches (Dsos) and in
the upstream channel (Dsoc).

Conclusions

— During the last two decades, many of the river bridges of the Raya graben experienced
high rates of sedimentation to such an extent that the bridge span was totally
obstructed

— The Raya graben ephemeral streams are very wide, in a few cases as much as 300 m,
upstream of the road bridges that, by contrast, are very narrow, typically 50%
narrower than the upstream channel.

— A simple hydraulic analysis demonstrates that the abrupt change in channel width as
the river approaches the bridge is the main cause of the thick deposition.

— Hence, it is recommended that the width of the bridges should be at least as wide as
the upstream channel reaches.

— For example, in the case of the town of Waja, instead of moving the town, making
wider bridges at a lower financial and social cost is recommended.
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Chapter 12: Temporal meandering rivers in the Raya graben bottom
Biadgilgn Demissie

Department of Geography and Environmental Studies, Mekelle University, Ethiopia; Department of
Geography, Ghent University, Belgium.

Introduction

Rivers draining arid and semi-arid floodplains have extremely variable flows in timing, duration
and extent. Their morphology is very sensitive to land use and land cover changes and changes
in flood discharges and sediment fluxes, and rapid morphologic changes may occur over a few
years. Common morphologic changes are stream narrowing or widening due to alternations in
discharge and sediment load. River pattern changes are also common. The Raya Graben is a
marginal graben of the Ethiopian Rift Valley located in North Ethiopia (12°-13°N and 39-5°—
39-8°E). The purpose of this study was to investigate the impacts of biophysical factors in the
headwater catchments on the morphology of rivers in the graben bottom (Fig. 1) over the period
between 1986 and 2010.

The escarpment
(upper catchments)

Figure 1. Flat-bedded
river channel. Upslope
view of Hara river
towards the escarpments
(upper catchment).

Methodology

In this study, 20 representative catchments on the escarpment were selected to analyse the
relationship between the morphology (length and area) of the ephemeral rivers in the graben
bottom and the biophysical controls in upper catchments (vegetation cover, extremely degraded
land, catchment area, compactness, and slope gradient in both the steep upper catchments and
the gentle graben bottom). Landsat imageries (captured in 1986, 2000, 2005, 2010) were used
to calculate the normalized difference vegetation index (NDVI), and to map vegetation cover
and the total length of the rivers (Fig., 2). Spot imagery available from Google Earth was used
to quantify the total area of the rivers in 2005. In total, 664 (out of which 342 for first-order,
277 for second-order and 45 for third-order reach) sample width measurements were taken in
20 rivers.
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Figure 2. Classification of
NDVI values from 1986 to
2010 (shown for part of
the study area as example)
based on the average
NDVI. Pixels with an
NDVI below the year’s
average NDVI are
classified as 0, and pixels
above the average NDVI
are classified as 1

2005 2010

Length of rivers in graben bottom and biophysical controls

In order to examine the relationship between length of rivers in graben bottom and biophysical
factors, multiple regression analysis was performed with six variables (area, compactness,
gradient, vegetation cover and extremely degraded land of upper catchments, and gradient of
graben bottom). In the multiple regression model, only the area of the upper catchments was
significantly correlated to length of rivers in the graben bottom. The positive regression weight
indicates that larger catchments have longer river lengths in the graben bottom (Fig. 3 and 4).
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Area occupied by rivers and biophysical factors

The relationship between area occupied by the rivers in the graben bottom (Fig. 5) on the one
hand and various predictor variables (average NDVI, area, compactness, gradient and extremely
degraded land of upper catchments, and gradient of graben bottom) was analysed using multiple
regression. In the regression analysis, area of upper catchments was significantly correlated;
larger catchments have larger area occupied by the rivers in the graben bottom (Fig. 6).
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Vegetation cover change

Vegetation cover in the whole upper catchments of the study area was analysed using NDVI
for the period between 1972 and 2010. The changes show that there is large increase of
vegetation cover from 2000 to 2005, also witnessed by the uniform recently regenerated tree
stands (Fig. 7A). For the rest of the years, the rate of increases is very low. The decreases in
vegetation cover are large for the periods from 1986 to 2000 and 2005 to 2010, which may be
related to Eucalyptus tree cutting (Fig. 7B). Overall, vegetation cover has shown an increasing
trend from1986 to 2010 (Fig. 7).

Figure 7. Vegetation cover changes in the upper catchments. (A) Regeneration of woody
vegetation cover as indicated by the uniform stands and (B) cutting of eucalyptus trees.

Relation between vegetation cover and length of rivers

The average NDV1 in the upper catchment indicates an increasing trend. A reverse trend is also
shown in the length of rivers in the graben bottom (Fig. 8). Even though there is no significant
relationship between NDVI and length of rivers, in recent years, the proportion of farmland in
the escarpment showed a trend (41% in 2000 and 34% in 2005) parallel to the length of the
rivers in which higher proportion of farmland in the escarpment tend to cause longer rivers in
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the graben bottom. The increase in the length of rivers with increase in vegetation cover in the

period 1986 — 2000 and the reversal in river length after 2000 seems to be also related to lag
time.
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Figure 8. Evolution of the average length of rivers per catchment in the graben bottom and
average NDVI of upper catchments.

Conclusions

— Catchment area determines 57% of the variance of the length of rivers and about 66% of
the variance of the areas occupied by the rivers in the Raya graben bottom.

— Vegetation cover in upper catchments is also an important controlling factor

— Measures geared towards reducing the impacts of river dynamics on agricultural activities
and thereby the livelihood of the society in dryland areas with ephemeral rivers needs to
focus on rehabilitation activities (soil and water conservation) in both the river reaches
and upper catchments.
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Chapter 13: The water of the Aba’ala graben
Hailemariam Meaza

Department of Geography, Ghent University, Belgium; Department of Geography and Environmental
Studies, Mekelle University, Ethiopia

Introduction

Balancing water for humans and nature remains a critical challenge of our time. The imbalance
of water availability and agricultural requirement poses a serious threat to the grabens that are
targeted for agricultural development. The hydrological processes of the grabens need to be
understood to improve agricultural development. With this knowledge gap in mind, we
investigated the water balance of the Aba’ala graben under the challenge of data scarcity.

Method and materials

The study area (553 km?; Figure 1) is part of the escarpment between the Danakil depression of
the Rift Valley and the Ethiopian plateau. The escarpment is the main water recharge zone
whereas the graben bottom is a flat area that receives sediments and water (Figure 2).
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Figure 1: Location of Aba’ala graben and its catchment in northern Ethiopia.

We established rain gauges, pressure transducers, and staff gauges to analyze the runoff
components of the Aba’ala graben (2015-2016). Moreover, weather data were obtained from
the National Meteorological Service Agency. A conceptual block diagram of the graben
assisted in analyzing the water balance components in the graben (Figure 2).
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Figure 2: Block diagram of Aba’ala graben and its water balance components.

Water balance components
Daily rainfall depths and rain events showed a marked variation between the escarpment and
the plain (Figure 3), where better rainfall depth was found on the escarpment.
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Figure 3: Daily distribution of average RF (rainfall), ETact (actual evapotranspiration) and
ET, (reference evapotranspiration) 2015-2016 in Aba’ala graben.
We explicitly reported that rainfall depths in 2016 were nearly three times the received amount
in 2015 owing to La Nifia/El Nifio. Moreover, the rainfall volume in the Aba’ala graben has an
erratic behavior, and led to a rapid flood runoff (up to 666 m? per second) of the major river
into the graben bottom (Table 1). Similar to the magnitude of rainfall, the flood discharges of
the storms in 2016 were 4.4 times larger than those in 2015. Furthermore, a much larger
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percentage of the inflow left the Aba’ala graben. For example, large discharge volumes (25.2
million m®) left the graben bottom via Megulel outlet during the rainy season (Figure 4).

Table 1: Compilation of maximum and minimum event discharges in Aba’ala graben

Discharge May Shugala May Aba’ala Megulel

(Q, md per sec) 2015 2016 2015 2016 2015 2016
Low Q 0.16 1.24 2.5 1.96 0.9 4.62
Peak Q 98.05 178.5 103 282.2 149.25 666

RD (mm) 0.52+0.1 2.72+0.86 0.84+0.4 1.91+0.4 0.571+0.05 1.41+.01
RC (%) 8.73 6.90 8.74 6.30 6.32 4.86

RD = daily runoff depth; RC = annual runoff coefficients

The actual evapotranspiration (312.6 million m®) as vertical water balance component affected
water availability in the graben system (Figure 2). In most of the year, the amount of available
green water in the soil was much lower than the rainfall due to water losses. Thus, the vertical
and horizontal water balance components exhibit a large spatio-temporal variability in the
graben.

Understanding water storage

The average annual water gains and losses varied in Aba’ala graben (Figure 4). For the first
time, the study indicates that about 15% (in 2015) and 36% (in 2016) of the inputs of the water
balance was either stored as groundwater or deeply percolated to the lower plain areas. We
assume that the graben faults influence the green and blue water storages in the subsurface. In
particular, the eastward dipping transversal faults could have facilitated the downward water
movement. As the graben is characterized by fractures faults and karstic conduits in the
limestone fault, the presence of thick sedimentary rocks could lead to fast water flow into very
deep the graben bottom towards the base level in the center of the Danakil depression. In this
context, the water table in the graben bottom is deeper than basalt grabens. Hence, the
irregularities of rainfall and runoff components affected the water balance in the graben system.
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Figure 4: The average annual water balance (volumes in million m®) of 4ba’ala graben in the
hydrological years 2015-2016. The thickness of the arrows is proportional to volumes.

Conclusion

The study shows that water inputs and outputs exhibit considerable spatio-temporal variability
in the graben. From hydrologic perspective, large quantities of flash floods have been left
unutilized while there is 10,052 ha of land suitable for agriculture development. The fast water
flows in the limestone fault lines and thick sediment deposits led to deeper groundwater level.
With the increasing water security risks, future work should focus on the construction of dams
in the gorges to trap water in the Aba’ala graben.
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Chapter 14: Changing landscapes in the Aba’ala graben bottom

Zbelo Tesfamariam

Department of Geography and Environmental Studies, Mekelle University, Ethiopia;
department of Geography, Ghent University, Belgium

Introduction

Human activities have also been playing a pivotal role in changing the earth surface in general,
the natural resources in particular through several land cover, and land use changes. As a result,
LULC dynamics have become common indicators of the impact of human activities on the earth
surface. Besides, land use and land cover changes, which are caused by several factors have
been considered as the indicators of global environmental dynamics. The dynamics of land use
and land cover also affects landscape pattern of a given area. We analysed the nature and
frequency of LULC changes in the Aba’ala graben bottom between 1984 and 2018 and the
impact of LULC changes on landscape structure of Aba’ala graben.

Methodology

We employed Landsat Thematic Mapper (TM) of the years 1984, Enhanced Thematic Mapper
Plus (ETM+) of 2001 and the Landsat Operational Land Imager of 2018 to analyze land use
and land cover dynamics of the Aba’ala graben bottom. Landscape metrics at class and
landscape level were used to examine the impact of land use and land cover changes on
landscape structures in the Aba’ala graben. In doing so, we analyzed the persistence (unchanged
or stable areas) of the LULC types.

Land use and land cover of Aba’ala graben bottom from 1984 to 2018

In 1984, shrubland covered the largest area (51%) of the total study area (Table 1). Bare land
accounted for 27% as the second of the total area of the graben. Farmland accounted for 18%
whereas settlement has the lowest areal fraction (3%) in 1984. Similar to 1984, shrubland was
the dominant (54%) land cover in 2001 in the Aba’ala graben. In 2001, the coverage of farmland,
settlement and bare land was 22%, 5% and 19%, respectively. This indicates that about 76% of
the total area of the graben was covered by shrubland and farmland. The remaining 24% of the
area of the graben was covered by bare land and settlement.

Land use and land cover change from 1984 to 2001

The findings of the change detection of 1984 and 2001 show that farmland increased by 6.7
km? due to high conversion of bare land to this class, which resulted in the decrease of bare
land. Shrubland also increased due to the conversion of bare land and farmland to this class.
From the total area of bare land in 2001, 18 km? was persistent. All the other areas changed into
farmland (17.6 km?), settlement (2.8 km?) and shrubland (10.9 km?). The total amount of
persistence area of farmland in 2001 was 10.9 km?. However, settlement showed an increment
by 3 km? from 1984 to 2001.
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Land use and land cover change between 2001 and 2018

The total amount of persistence of bare land 2001 to 2018 was 19 km?2. However, 11 km? of
bare land was converted into farmland, 3.5 km? into settlement and 2 km? into shrubland.
Similarly, while 17 km? of farmland was counted as persistence, the other areas were changed
into bare land (13 km?), settlement (5 km?) and shrubland (4 km?). Generally, from 2001 to
2018, shrubland showed a strong decrease (27 km?).
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Figure 1. LULC change map from 1984 to 2018

Mid-term land use and land cover change (from 1984 to 2018)

In 2018, 20 km? of the total area of bare land remained unchanged. But, the other areas are
changed to farmland (20 km?), settlement (5 km?) and shrubland (3 km?). From the total of area
of farmland in 2018, 14 km? was stable, while 19 km? was converted to bare land (9 km?),
settlement (5 km?) and shrubland (6 km?). Talking on the same year, 1.3 km? of settlement
remained unchanged while the remaining areas were changed into bare land (1.6 km?), farmland
(1.2 km?) and shrubland (1.8 km?). From the total area of shrubland in 2018, 60 km? remained
unchanged while 10 km?, 12.5 km? and 11 km? of land were changed to bare land, farmland
and settlement, respectively. Generally, shrubland has decreased by 22 km? between 1984 and
2018. Similarly, bare land has decreased by 9 km? between 1984 and 2018. Conversely,
farmland has increased between 1984 and 2018 due to the conversion of lare areas of shrubland
and bare land (Figure 1, Figure 2).
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Figure 2. The trend of shrubland and bare land

Land use and land cover change and landscape structure dynamics
At class level

The analysis of the landscape structure dynamics shows that the Number of patches (NP) of
shrubland, settlement and farmland increased continuously from the year 1984 to 2018, which
indicates the increase of fragmentation of the landscape in Aba’ala graben. Similarly, the
Interspersion and Juxtaposition index (1J1) of shrubland, settlement and farmland has been
continuously decreased throughout the study period (1984-2018). Less or decreasing trend of
1J1 of LULC types implies that the patch distribution of settlement, shrubland and farmland is
uneven.
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Table 1. Results of class metrics at class level within the graben landscape

Calculated metrics
Year LULC type NP (numbers) 131 (%)

Bare land 459 71.3
Farmland 1622 82.7
Settlement 957 93.5

% Shrubland 340 86.4
Bare land 2344 61
Farmland 2187 73
Settlement 2314 74.4

g Shrubland 794 761
Bare land 1640 75.8
Farmland 1089 67.6
Settlement 3262 76.4

% Shrubland 1108 67.4

NP = Number of patches; 1J1= interspersion and juxtaposition index

At landscape level

The total area of landscape of the study area is accounted for 181 kmz2. In this landscape, the
number of patch (NP) increased from 3378 in 1984 to 7653 in 2001; and decreased from 7653
in 2001 to 7113 in 2018. This shows that the landscape was highly fragmented from 1984 to
2001. However, the fragmentation slightly showed a decrement from 2001 to 2018. Similarly,
patch density (PD) also increased from 18.7 in 1984 to 42 in 2001; and decreased from 42 in
2001 to 39 in 2018. These results indicate that there is high fragmentation of landscape within
the study area. Overall, landscape fragmentation was greater in 2001 and lower in 2018 (Table
1). Moreover, the increase of the number of patches and patch density between 1984 and 2018
in the Aba’ala graben is an indicator of the decrease of landscape homogeneity.

Conclusions

The results of the study also depict that the area coverage of shrubland and bare land in Aba’ala
graben has decreased from 51% and 27% in 1984 to 39% and 22% in 2018. Conversely, the
study also found that the area coverage of settlement dramatically increased from 3.3% in 1984
to 12% in 2018. The study also found that farmland was the most dynamic land use and land
cover type, which experienced high exchange of coverage areas. This study documented a
dramatic land use and land cover change trajectories between 1984 and 2018, which are
associated with the rapidly growing population and transformation of the communities in the
Aba’ala graben.

References

105



Jacob, M., Romeyns, L., Frankl, A., Asfaha, T., Beeckman, H. & Nyssen, J. (2016). Land Use and Cover
Dynamics Since 1964 in the Afro-Alpine Vegetation Belt: Lib Amba Mountain in North Ethiopia. Land
Degradation & Development, 27, 641-653.

Nyssen, J., Poesen, J., Moeyersons, J., Deckers, J., Haile, M. & Lang, A. (2004). Human impact on the environment
in the Ethiopian and Eritrean highlands—a state of the art. Earth-Science Reviews, 64, 273-320.
Tesfamariam, Z., Nyssen, J., Poesen, J., Hishe, S., Amsalu, A., Demissie, B., Van Caenegem, A., Ghebreyohannes,
T., Tafere, K., Zenebe, A., Deckers, S., Van Eetvelde, V. (2019). Land use and land cover change and
landscapes structure dynamics in the arid and semi-arid marginal graben of Northern Ethiopia. In

preparation

Van Eetvelde, V., & Antrop, M. (2004). Analyzing structural and functional changes of traditional landscapes—
two examples from Southern France. Landscape and Urban Planning, 67(1-4), 79-95.

106



Chapter 15: Conflicts for water and grazing land in the Kalla graben
Zbelo Tesfamariam

Department of Geography and Environmental Studies, Mekelle University, Ethiopia; Department of
Geography, Ghent University, Belgium

Introduction

Transhumance, defined as the seasonal movement of livestock between two places in the search
for water and forage, has been a common farming system in several parts of the world.
Transhumance between the Afar lowlands and Tigray escarpments has also been a common
practice in northern Ethiopia. Transhumance is a livelihood strategy for many pastoralists and
agro-pastoralists in several parts of the world. However, transhumance is associated with
several problems, such as conflicts, which ultimately exert pressure on the landscape. We
examined the process of transhumance and the linkages between the social and biophysical
aspects of the landscapes in the grabens of northern Ethiopia.

Methodology

The study was carried out in the Kalla graben and its environs. Google Earth (2010-2016) and
Landsat Imageries (1995-2015) were used to analyse the spatio-temporal landscape changes.
Normalized Difference Vegetation Index (NDVI) was applied to measure the change in
vegetation cover. Interview and Focus Group Discussions were used to collect the perception
of communities on landscape change.

Transhumance in the study areas

Transhumance has been practiced between Kalla graben and the escarpments of Wejerat due to
three reasons: a problem with access to water, pasture, and mental land claim. The Afar
pastoralists in the Kalla graben practice transhumance during the dry season both to the Kalla
graben rangelands and to the Tigray escarpments to access pasture, which belongs to the Gonka
and Seneale villages (Figure 1). The Afar pastoralists go to the Tigray highlands during the dry
season because of the erratic rainfall in the graben.

Transhumance, conflict and displacements

Despite its advantage as a livelihood strategy, transhumance has been associated with an
occurrence of conflicts between communities. The conflicts are associated with mental
territorial claims of both communities. The absence of clearly demarcated boundaries within
the country in general and in the study area, in particular, has paved the way for various
territorial claiming disputes. The key informants underlined that the boundary confusion has
been compelling them to look for grazing land aggressively. “The area that is being used for
grazing instead of agriculture belongs to us” (quote of an elder in Seneale, Wejerat, Tigray).
The conflict between the two groups has resulted in loss of human lives and livestock. In
addition to the loss of human lives and livestock, the conflict has resulted in the displacement
of communities from their hamlet. For instance, the Afar pastoralists (who used to live in
Giraed) have been displaced due to the conflict. They currently reside in a small village called
Haygolo, located at the foot of an escarpment.
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Figure 1. Goats eating and walking to the escarpment for grazing (A), cattle of the highlanders
accessing water in the lowland (B), partial views of Kalla graben, transhumance area (C) and Gonka
village (D). The photos were taken in 2015.

Transhumance induced displacement and landscape change

The visual time series analysis of the Google Earth Imageries of the study areas revealed that
there has been a temporal change in the vegetation cover and settlements due to overgrazing
and displacement of communities. This is the case in Giraed. In the period of 2010, the
individual homesteads are clearly visible on the aerial image. A low vegetation cover and a low
tree density also characterise the area. In 2016, the settlement has been abandoned and the
individual homesteads could hardly be identified. In addition, the vegetation cover has
increased resulting in a denser pattern of scattered trees and shrubs. The reverse situation is
seen in Haygolo (Figure 2).
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Figure 2. Temporal changes of the settlements and vegetation cover in Haygolo, Kalla Graben, as an
example of a resettlement. The number of homesteads increased between 2011 and 2016 and the
vegetation cover became less dense. (Source: Google Earth). The photo at the bottom (A) shows
development of settlements in Haygolo in 2016.

Conclusion

The study has demonstrated that transhumance has resulted in conflicts between the pastoralists
and agro-pastoralists, which in turn has brought about the displacement of communities. The
study has also shown that the transhumance induced-displacements of communities have
caused an increase in the vegetation cover of the abandoned village. However, the vegetation
cover of the resettled village has mainly decreased by the cutting of trees for house construction
and overgrazing for the newly displaced communities.
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Chapter 16: The waters of the Raya graben

Hailemariam Meaza
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Introduction
Marginal grabens are productive agricultural areas. However, matching agricultural water
demand and supply in these grabens is a critical policy challenge. Graben farming systems

hasve

suffered from meteorological and hydrological droughts. As a result, agricultural

production is low during these drought years. Hence, we investigated the water balance (Figure
1) in the Raya (3507 km?) and the Ashenge (81 km?) basalt grabens to achieve reliable
agricultural development (Figure 2).
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Figure 1: Conceptual topographic model depicting the water fluxes in the grabens.

Methods and materials

The study area (Figure 2) is located at the western escarpment of northern Ethiopia.
Topographic, land cover, rainfall, river flow, water withdrawal, and evapotranspiration
parameters were collected (2015-2017) to address the study objective. We developed a
conceptual topographic model to understand the water fluxes in the marginal grabens (Figure

1),
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graben escarpment (A) and the bottom (B).

Water budget components
Rainfall depths showed temporal variations in the grabens (Figure 3). The rainfall depth of 2016
(746 mm) was higher than what was received in 2015 (454 mm). The study also showed that
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the annual rainfall depths of the western escarpment (806 mm) was higher than the graben
bottom (508 mm). In addition, the rainfall quantities were higher towards the southern direction.
Rainstorms at the western escarpments produce floods up to 732 m?3 per second (Figure 4). Also,
24% of the water entering the graben bottoms comes from the runoff from the adjacent slopes.
Up to 40% of these runoff discharges reaching the Raya graben bottom flushed out at its outlets.
Approximately 80% of the annual rainfall of the graben bottom returned to the atmosphere via
actual evapotranspiration. Generally, the studied graben bottoms experienced a period with
inadequate surface water resources.

B C

Figure 4: lllustration of some flash flood events: A) Golina River (13/8/2017), B) Merkehora
outlet (14/8/2017) and C) Ashenge inlet (20/8/2017).
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Figure 5: Water balance components in the basalt grabens.

Annual groundwater recharges

Figure 5 portrays the water balance components in the basalt grabens. In the Raya graben, the
mean annual recharge of the graben escarpment and bottom amounted to 7% and 25% of their
annual inflows, respectively. Besides, the average annual water recharge of Raya graben bottom
was 258 million m® per year. As a response to the aquifer properties, the groundwater is
shallower than Aba’ala limestone graben. It is reported that the groundwater potential of Raya
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graben bottom is about 9791 million m®. With this terrestrial water storage, graben bottom is
overlooked for irrigation development. Therefore, basalt aquifers the capacity to store large
volumes of water that could be sustainably used to improve the food security of the graben
farmers.

Conclusions

The rainfall depth variations in the grabens governed the spatiotemporal magnitude of flash
floods, baseflows and actual evapotranspiration. The study highlights that the annual
groundwater recharge of the graben bottoms larger than the escarpments. The groundwater
stored is largely underutilized in the graben bottom. As food insecurity is related to water
shortage, increasing water availability to the graben farmers is indispensable in eradicating food
insecurity from the grabens.
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Introduction

Land cover change remains a priority research need as it translates various aspects of human
activities and earth surface processes, for example, reflecting increasing or decreasing cropland
size. Rivers are important elements of a landscape and they modify land at various scales. The
purpose of this study was to investigate the link between stream distributary systems and land
cover changes in a graben bottom of a dryland area for the last five decades. The study focuses
on the changes that happen in land use/cover in the graben bottom due to the dynamics in the
distributary system of a river and the implication to land management and livelihood (Fig. 1).

Figure 1. Land cover changes along a river distributary system: at left, farmlands taken by the
river and turned into alluvial deposits (the farmer ploughs and struggles to recover it); at right,
vegetation regeneration on ancient alluvial deposits.

Methodology

The study site, Warsu catchment (12°11-12°13'N and 39°33'-39°38'E) is found in the Kobo
basin, in the Raya graben along the Ethiopian Rift VValley margin. Aerial photographs of 1965
and 1986 with an approximate scale of 1:50,000 were collected from the Ethiopian Mapping
Authority. SPOT satellite images of 2007 and 2014 with spatial resolution of 2.5 m were
consulted on Google Earth. Moreover, two 1:50,000 topographical maps of the study area
(Alamata and Kobo) were used. To extract features, subsequent screen digitizing of user-
defined land units was performed on the aerial photographs and the satellite images in ArcGIS.
To analyze land cover changes over time, post-classification comparison change detection
technique was used.

Land unit distribution

The distribution of land-unit types over the last five decades (Fig. 2) shows that within the given
influence areas of the distributary system of the Warsu River, farmland had the highest
proportion for all study periods (84% in 1965, 78% in 1986, 76% in 2007, and 81% in 2014).
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Figure 2. Landscape map of the Warsu River in 1965, 1986, 2007, and 2014. Active channel
(AC), Farmland (FA). Alluvial deposit (AD), Shrubland (SH), Settlement (Se), Grassland (G),

Forest (FO), Bushland (BU).

Land unit transitions

Over the last five decades (1965-2014) (Fig. 3), both shrubland and farmland have experienced
losses of 6.6 and 9.9%, and gains of 7.2 and 8.7% of the entire landscape, respectively.
Remarkably, shrublands in 1965 were systematically replaced by farmlands by 2014, following
transitions from alluvial deposits to settlement and active channel.
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Acronyms in in Fig. 2

Cyclic transition

This study confirms that farmlands inundated by the river in earlier periods (1965-2007) and
converted to shrubland and grassland were later transformed to farmland in the period between
2007 and 2014. These transitions have a cyclic pattern; i.e. after time, the land reverts to the
original land use (Fig. 4). While the period between 1965 and 1986 was a period of river
distributary system expansion, the period between 1986 and 2007 was a period of natural
vegetation succession. The period between 2007 and 2014 was a period of reclamation when
farmers claimed back farmlands that had been taken and later abandoned by the river
distributary system.
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Figure 4. Cyclic major land cover changes (indicated by red arrows) over the last five decades in the
Raya graben bottom. Circles are proportional to the size of the land units in the landscape (averaged),
whereas thickness of the arrows indicates the magnitude of transition/persistence among land units from
one time step to the next. Acronyms as in Fig. 2.

Implication to livelihood and land management
Overall, it is conceptualized that the expansion of rivers, particularly toward farmlands,
adversely affects the livelihood of the farmer households by reducing the size of cultivable plots
and destroying crops, and settlements (Figure 5). Hence, an increase in management
interventions that keep the natural processes of the river distributary systems and improving
river water use in the graben bottom could ensure a better livelihood in the study area.

—_—— —

Figure 5. Land management practices in the graben bottom related to rivers: (A) traditional land
management practices; (B) gabion structures for protection from flooding; (C) gabion dykes to protect
Waja town; and (D) the Gubena village, covered with metres-thick sediment of Gobu River. Note the
roof of a house emerging above the sediment; the people moved to the new house behind it.
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Conclusions

— Acyclic land transition pattern is clearly observed in the graben bottom due to mainly
dynamics of river distributary system.

— Land cover changes are not only related to a distributary river system but also that human
intervention and natural vegetation regeneration are important.

— Land management interventions should consider the behaviour and impact of river

systems.
— Allowing rivers to follow their natural bed can make rivers easily manageable
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Chapter 18: Salinity conditions in the Raya graben
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Introduction

Rising salinity is a severe problem of land degradation that affected agricultural production.
With an increasing irrigation momentum in productive grabens, understanding salinization
helps to seek sustainable options. Hence, the objective of this study is to understand the
spatiotemporal patterns of water salinity in marginal grabens and their implication for
downstream water availability.

Methods and materials

The study area (Figure 1) consists of four representative graben basins along the Ethiopian Rift
Valley. We measured the electrical conductivity (EC) of flash floods, baseflows, springs, wells,
and lakes. A total of 1168 samples was collected from 177 water points (2016 - 2017) for this
study. Electrical conductivity is expressed in micro-siemens per cm (uS cm™) and is strongly
correlated to water salinity.
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Figure 1: Location of the four graben basins: Aba’ala, Mehoni-Alamata, Kobo and Ashenge.
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The water salinity distribution

The water EC values of the graben basins varied between 2016 and 2017. There was a
significant difference in the water EC values of the river baseflow between rainy (14031425 uS
cm™) and dry seasons (2261+258 uS cm™). The EC values decreased when the river discharges
increased in the rainy seasons. In contrast, the EC values of river discharges grew in the dry
seasons due to less water residuals. Water EC of the river discharges during the rainy season
doubled as compared to the dry season due to the rainwater.
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Figure 2: The spatial distribution of the EC values in the Mohoni-Alamata basin (2016).

Based on the origins of solutes, the water EC values of the studied water points varied in space
(Figure 2 & 3). The water EC values increased from the western escarpment (<750 uS cm™)
towards the basin outlets (3278 puS cm™) in Raya graben. At the Afrera Lake, the EC of springs
was 50-100 times larger than the studied graben basin due to the restricted water flushing
(Figure 4). The EC values of water resources increased downstream due to the
evapotranspiration while water was traveling to the outlets (Figure 3). Also, the average value
of the water EC was higher in Aba’ala limestone area than in Raya basalt grabens (Figure 1).
In the tectonic depressions, the excess salinity can decrease available plant water and cause
plant stress.
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Figure 3: Relation between the altitude and EC value of springs in the Aba’ala graben basin.

Status of the graben basins’ closure
Water salinization is linked to the process of river basin closure. During the last few decades,
low-lying areas had a water shortage due to the rising water demand and rainfall variabilities.
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Figure 4: A topographic cross-section of NW Ethiopia from the west to the east (Billi, 2015)

with a representative observation in the dry season (2016) on similar locations along the study
area.

Aba’ala and Mehoni-Alamata sub-grabens were closing (Table 1). However, downstream
grabens such as Afrera basins were closed, and these grabens lack water to meet the local
demands and downstream environmental requirements. In contrast, the Kobo and Ashenge
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basins were classified as open as there exited available water that supports the graben farmers
and ecosystem functions.

Table 1: Closure status of the graben river basins based on the river discharge and maximum
EC measured at the basin outlets.

Study site River discharge Max EC (uS per | Basin closure status
cm)
Aba’ala basin Flow for 2-3 months 2,500 | Closing
Mehoni-Alamata basin | No flow for two weeks 2,500 | Closing
Kobo basin Flow >0.02 m? per sec. 1,270 | Open
Ashenge basin Flow >0.02 m? per sec. 2,000 | Open
Afrera basin No flow 127,000 | Closed

Water scarcity hotspots travel downstream due to the human interventions to fulfill the water
demands. The overexploitation of waters during the dry season exacerbated the degree of the
river basin closure and salinization. Overall, most of the graben basins are at the state of closing
and closed basins. In the wider study area, the river basin closures are prevalent in the graben
basins.

Conclusions

The runoff regulated the water salinity in grabens. The results show that the average water EC
value of the dry seasons was double what was recorded in the rainy seasons. Moreover, water
salinity hotspots increased downstream areas due to rapid abstractions. With growing irrigation,
water degradation could further threaten the agricultural sustainability in the agricultural
grabens.
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Introduction

Ethiopian government has recently given much emphasis to agricultural mechanization to meet
the growing demand of the society for landscape services. Consequently, agricultural
investments have been highly increasing in the country in general and in the marginal grabnes
of north Ethiopia in particular. Nevertheless, agricultural investments, which highly focus on
intensification and extensifications, lead to landscape changes. Expansion and growth of
agricultural investments are associated with land use and land cover changes, considered as
indicators of landscape changes. We investigated the rate of land use and land cover change in
relation to agricultural investment in the Raya graben.

Methodology

The study was conducted in the Raya graben, north Ethiopia. Google Earth Images of 2005,
2007, 2009, 2014, 2016 and 2017 were used to detect the changes in the land use and land cover
due to the expansion of agricultural investments. Household survey, interviews, and focus
group discussions were used to collect data about the pulling factors for investment, impact of
agricultural investments on land use and land cover change.

Land use and land cover change and agricultural investment

Land use and land cover changes due to the agricultural investment activities have been found
in the graben through transferring land to private investors and expropriation of communal
landholding rights. Land use and land cover changes occur due to the reason that investors start
their business first by clearing the existing natural resources (e.g., forests, shrubs and bushes)
and change to irrigated land.

Land use and cover before and after agricultural investment in the investment areas of
the Kobo basin

The expansion of agricultural investment has brought about land use and land cover changes in
Kobo sub-basin between 2014 and 2017. Accordingly, from the total area 796.4 ha of the
investment sites studied in this study, the coverage of forest decreased from 77.6% between
2007 and 2014 to 15.2% between 2016 and 2017, which indicates that forest cover area has
decreased by 62.4% after investment (between 2016 and 2017). There were no irrigable lands
between 2007 and 2014, but recently 582.5 ha of land is irrigable due to the introduction of
agricultural investment between 2016 and 2017 (Table 1). Besides, the expansion of agricultural
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investment has led to the expansion of irrigation in the Kobo sub-basin. Consequently, several
land use and land cover classes were converted to irrigable land.

For example, 241.9 ha of land, which was covered by forest in 2007 has been converted to
irrigable land in 2017. Besides, 70.4 ha of farmland is converted to irrigable land. Similarly,
184 ha of forest area has been converted to irrigable land between 2007 and 2016. Out of the
116.1 ha of forest in 2014, only 62 ha was persistent while the remaining 54.1 ha was converted
into irrigable land. Generally, irrigable land in the studied investment sites of Kobo sub-basin
gained 582.6 ha between 2016 and 2017. Conversely, forest lost 496.6 ha (Table 1).

Table 1. Land use and cover before and after agricultural investment in Kobo sub-basin

Before Investment (2007- After investment

2014) (2016-2017) change| Change
LULC Area (ha) % Area (ha) |[% (ha) (%)
Bushland 87.4 11.0 87.8 11.0
Grassland 6.4 0.8 3.3 0.4 -3.1 -0.4
Forest 617.7 77.6 120.7 15.2 -497 -62.4
Farmland 70.4 8.8 0 0.0 -70.4 -8.8
Irrigable land 0 0 582.5 73.1| 5825 73.1
Bare land 145 1.8 0 0.0 -14.5 -1.8
Nursery site 0 0 1 0.1 1 0.1
Water reservoir 0 0 1.1 0.1 1.1 0.1
Total 796.4 100.0 796.4 100.0

Land use and cover before agricultural investment and after it, in the investment areas of
the Mehoni sub-basin

Agricultural investment activities in Mehoni sub-basin affected the situation of several land and
land cover classes. Consequently, shrubland cover in Mehoni decreased from 85.9% in 2014 to
26.4% in 2017. Similarly, bare land and settlement have been abandoned in 2017. Conversely,
the irrigable land increased from 0% in 2014 and 73.6%, suggesting that irrigable land has
become the dominant LULC type in the selected sites of Mehoni sub-basin. Besides, the LULC
change analysis of Mehoni between 2014 and 2017 reveals that 705 ha of shrubland was
changed into (lost) irrigable land while 308.8 ha of shrubland was persistent. Similarly, 140.8
ha of farm and has been changed into irrigable land. Besides, 17.8 ha of bare land and 3.9 ha of
settlement were changed into irrigable land in 2017. The total loss of bare land between 2014
and 2017 accounted for 17.8 ha. Conversely, the total gain of irrigable land between 2014 and
2017 accounted for 867.5 ha. This is due to the conversion of large areas of shrubland, farmland
and bare land to this class, irrigable land (Table 2).
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Table 2. Land use and cover before and after agricultural investment in Mehoni sub-basin

Before Investment (2014) | After investment (2017)
change

LULC Area (ha) % Area (ha) % (ha) | Change (%)
Shrubland 1013.8| 85.9 311.8 26.4| -702 -59.5
Bare land 185 1.6 0 0.0] -185 -1.6
Settlement 55| 05 0 0.0 -5.5 -0.5
Farmland 142.1| 12.0 0 0.0 -142.1 -12.0
Irrigable land 0| 0.0 867.5 73.6| 867.5 73.6
Total 1179.9|100.0 1179.3| 100.0

Land use and cover before agricultural investment and after it, in the investment areas of
the Alamata sub-basin

Like Kobo and Mehoni, Alamata basin is also one of the development corridors identified for
agricultural investments in Ethiopia. As a result, irrigation activities have been expanded after
the start of investment activities in the area, but to a lesser extent than in the other districts. In
the 45.3 ha of selected agricultural investment sites, after 2005, 13.6 ha has been irrigated and
31.7 ha remained rainfed cropland.

Conclusion

The study found that the expansion of agricultural investment has resulted in land use and land
cover changes in Raya graben. Forest coverage in the investment areas of Kobo sub-basin
decreased by 62.4%. In Mehoni sub-basin, shrubland in the selected investment areas decreased
by 59.5%. Besides, settlements in the investment sites of Mehoni have been demolished.
Conversely, the findings also indicate that irrigable land in Kobo sub-basin has increased by
73.6% and it also increased by 73.1% in Mehoni sub-basin. The study also found that the
agricultural induced land use and land cover changes in Raya graben have affected the
landscape services of the graben. Particularly, the allocation of more than 6 km? of remnant
forests to commercial agriculture is striking.
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Chapter 20: Landscape dynamics and major drivers in the Raya graben
bottom
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Introduction

The aim of this study was to investigate landscape dynamics along the Raya graben bottom.
This study area is a semi-closed marginal graben found along the Ethiopian Rift VValley system.
It is located between 12°-13°N and 39.5°-39.8°E, the graben bottom. The elevation of the study
area is between 1300 m above sea level at the foot of the eastern horsts and 1600 m at the foot
of the western escarpment. The graben bottom is invaded by ephemeral rivers that deposit large
sediment volumes washed out from the escarpment. The area has a diversified land use and land
cover. Agricultural land and shrubland are the most dominant ones.

Methodology

This study examined landscape composition and configuration in the 2379 km? wide Raya
graben bottom over a period of three decades. Landsat satellite images captured in 1986, 2000,
2010 and 2017 were used to analyze land cover and changes in landscape in the study area. The
FRAGSTAT programme was used to analyze fragmentation and composition of the landscape.
Field measurements, in-depth interview, and focus group discussion were carried out. The field
visits were conducted to observe real landscape features and to collect ground control points
along transects from the foot of the western escarpment to the foot of the eastern horsts in the
study area. During classification, the maximum likelihood classifier (MLC) was applied. In
order to understand the disintegration of a class of land, the number of patches (discrete areas
of relatively homogeneous environmental conditions) was analysed. Similarly, quantifying
spatial diversity was essential to clarify spatial patterns of patches in the landscape. Hence, the
Shannon Diversity Index (SHDI) was used to quantify the distribution (regular or irregular) of
patches in the study area.

Dynamics of landscape metrics at class level

Farmland is the predominant landscape element in the study area. It has shown increase in size
in the last three decades (Fig. 1). The number of farmland patches increased from 1584 in 1986
to 166,748 in 2017. This indicates that there is a very important fragmentation within farmland.
At shrubland class metrics, the number of patches has increased (2168 to 254,428), and the
proportion of shrubland in the landscape has decreased. This indicates high fragmentation of
shrubland. Shrubland in Mehoni is characterized by cactus (locally called beles). Forest cover
decreased progressively throughout the study period. The number of forest patches did not
increase significantly between 1986 and 2017. For villages both the mean patch size and
number of patches have increased significantly, hence a progressive increase in villages over
the three decades. Built-up patches are consolidated around the cultivated land, shrubland, and
at the edge of forests. River bed patches are concentrated around the edge of the escarpment
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and expand into farmlands in a scattered way in the graben bottom around their distributary
systems.

1986 2000

0.3%

® Farmland m Forest = Farmland m Forest
® Water body = Shrubland = Water body ® Shrubland
m Village m Village
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2.1% 0.4% 20

1.7%
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Figure 1. Land cover distribution in the Raya graben bottom from 1986 to 2017.

Dynamics of landscape metrics at landscape level

In the study area landscape, the number of patches (NP) has increased across the study period
from 1986 to 2017 (Fig. 2). In 1986, the number of patches within the landscape was 8147 and
in 2017 it increased to 886,893. This indicates that there is high fragmentation of landscape
within the study area. The distribution of patches in the landscape of the study area was regular
in 1986 and it became irregular towards 2017 (Fig. 3).

127



1000 NE SHDI
600 1.16
800 1.14
700 L112
= 600 =
2 500 > 1.1
= 400 g1.08
Z * 4
300 “ 06
200
100 - 1.04
0 : 1.02
1986 2000 2010 2017 1986 2000 2010 2017
Figure 2. The distribution of number of Figure 3. The distribution of Shannon
patches (NP) over the years between 1986 Diversity Index over the years between
and 2017. 1986 and 2017.

Major causes of landscape change

In the study area, changes are commonly human driven due to an increasing demand for food
and settlement, directly related to increase in population size. There was an increase in the size
of farmland and villages (Fig. 3), and at the same time a decrease in shrubland and forest cover.
For example, in Kobo basin (near to Golina river), shrubland in 1986 was changed to farmland
in 2017. The unplanned development of villages and encroachment of farmlands towards
shrubland and forests might have contributed to the strong increase in the number of patches in
different landscape elements. In contrast, there was contraction of villages due to pooling up of
scattered villages by the government to enhance access to facilities and infrastructures; whereas
the people cut trees for constructing their houses. In addition to increase in population size and
infrastructural development, larger scale agricultural investments are strong causes of landscape
changes in the study area, particularly in the graben bottom (Fig. 4).

Figure 3. Expansion
of villages in 2017 in
Kobo, most villages
are characterized by
an iron roof. Photo by
Alemewerk
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Figure 4. Expansion
of commercial
agriculture in the
study area. Photo by
Alemewerk

Conclusion

— The study indicates that there is fragmentation of land units in to smaller sizes over the last
three decades.

— Shrubland and forest have small number of patches and are gradually converted into
farmland and villages.

— The number of patches of farmland and village increased through time.

— The diversity of land cover of the landscape of the study area increased over the last three
decades.

— The main drivers of landscape change in this study area were agricultural intensification,
development of commercial agriculture, rural settlement expansion, infrastructural
expansion, rural and urban linkage and land distribution for youth people.
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Chapter 21: The fertiliser excess crisis in the Raya graben and beyond
(2012-2016)
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Introduction

Low mineral fertiliser use received much attention in Africa over the last decades. As fertiliser
sales have exponentially grown in Ethiopia, and evidence exists of a supply that was beyond
the demand in the drier northern parts of the country, we investigated the inorganic fertiliser
sales and its black-market resale prices in north Ethiopia.

Fertiliser black markets with prices below the official rate set by the government may have
various causes such as smuggling of highly subsidised fertiliser from Nigeria to Niger, and
massive reselling below officially imposed rate in Mexico in the framework of the “Green
Revolution” programme of the 1950s-1960s. There, inorganic fertiliser was resold to the black
market, immediately upon delivery at the cooperatives, which led to their indebtedness. The
term “black market” usually refers to those transactions which take place illegally at prices
higher than a legal maximum. Essentially the same phenomenon is observed when the illegal
transactions take place at prices below a legal minimum. In the latter case, a black market will
develop if the official price is above the hypothetical free market price, so that at the legal price
less fertiliser is demanded than will be supplied. That is on the condition that some buyers and
sellers can be found who are willing to buy and sell at prices lower than the official price despite
possible penalties involved.

Fig. 1. Study area in the Raya graben and its main physiographic units (in black).
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Methods

The research was conducted in 2016 in 34 districts located in Tigray, as well as in the adjacent
Kobo district (part of Amhara region). The latter was included in order to conduct a detailed
analysis in the three adjacent districts that form the Raya graben, where the environment is very
contrasted along a topographical zonation that cuts across the three districts (Fig. 1).
Quantitative data on fertiliser provision, official prices and black-market prices in 2016 were
obtained from official statistics and from key informants in each of the 35 studied districts and
in all municipalities of the Raya area.

To understand the importance of environmental conditions, the three districts of the Raya
graben were surveyed in detail. For each of the municipalities in the Raya-Azebo, Alamata and
Kobo districts, areas of rain-fed and irrigated cropland as well as quantities of DAP/NPS and
urea formally sold were obtained from district authorities, whereas narrative interviews were
carried out to obtain the monthly fertiliser price on the black market, which was the same for
the two main fertilisers. Every municipality was also classified according to its location in
physiographic units (1) the elongated marginal graben bottom with main road and towns, (2)
the western escarpment that forms an extensive zone between the graben bottom and the edge
of the Ethiopian plateau (including for instance Tekulesh), or (3) the eastern horst, a ridge
between the graben bottom and the main Rift Valley, including places such as Chercher and
Zobel (Fig. 1). Some municipalities extend over two different physiographic units; they were
classified under the unit where most of its farmlands are located.

How was fertiliser distributed in 20167

To promote inorganic fertiliser, agricultural experts used incentives, and also bartered the
purchase of fertiliser by a farmer against food aid or other advantages from the authorities. The
high application rate that was aimed at (2 Qt per hectare) contrasts with the dominance of less-
responsive soils in large parts of the study area, for which inorganic fertiliser application does
not result in higher crop yields, or even leads to root burn. The quantitative analysis shows that
40,700 tonnes of fertiliser were officially sold in the study area in 2016 at high price, which
corresponds to 0.5 Qt per hectare. This is notably different from the application rate, as reselling
widely occurred, at 50% of the official price for diammonium phosphate (DAP) and 54% for
urea, mostly to users outside the community. In 2016, the average official price at which the
fertiliser was sold to the farmers was 1407 Birr per Qt, with variations for type of fertiliser and
distance to Addis Ababa. The average price on the black market in the whole study area was
731 Birr per Qt, but only 463 Birr per Qt in the three graben woredas.
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Why did the farmers resell fertiliser?

The first reason given by farmers who resold their fertiliser was that they did not need it. They
particularly feared that, in case of a dry spell in the onset of the rainy season, the plant root
system will be insufficiently developed to transfer soil moisture to the lush vegetative growth
that is induced by inorganic fertiliser. Farmers frequently reported that excessive application of
inorganic fertiliser on rain-fed crops results in decreased yields: in addition to the problems
induced by drought, in case of good rains after excessive fertiliser application, “the crop doesn't
give good yields but only vegetative growth which will be useful as straw only”. In the Raya
graben, only farmers with dry season irrigation state that they need fertiliser, others will sell it
off. Here, most of the irrigation farming is done by large and middle level investors rather than
small farmers, who preferred to sell their fertiliser to such customers. On irrigated land, fertiliser
is only used for vegetables and not for tef, sorghum or maize (which are the main crops in the
area). The farmers claimed that first of all the graben is a very hot area with moisture deficit
(late start, early end, and erratic rainfall), and secondly the land is fertile, in relation to the yearly
deposition of a thin layer of alluvium (containing organic matter and inorganic fertiliser)
originating from the escarpment (Fig. 2). We anticipate that the large volumes of water involved
in spate irrigation would also leach part of the applied fertiliser.

Fig. 2. Spate irrigation in the Raya graben bottom (August 2016): at left a main intake canal
where the flood is diverted towards croplands (Photo J. Poesen), and at right the ultimate
distributary canals leading the sediment-laden floods into the cropland (Photo W. D ’Hoore).
The entire irrigation scheme is operated through a traditional management system that has its
own byelaws. In both photographs, the flow direction is away from the reader.

Who was buying fertiliser and what were the black-market rates?

Most of the inorganic fertiliser on the black market was purchased by external users, with the

help of local merchants or relatives who act as brokers. A merchant who was rounding villages

in the Raya graben with a light Isuzu lorry in order to purchase inorganic fertiliser told that he
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intended to sell it to agricultural companies near regional towns and to smallholders in central
Tigray. According to him, the business opportunity started in 2012. Reportedly, fertiliser was
often transported by light lorries to the sesame producing areas in W Ethiopia and to central
Ethiopia. The volume of inorganic fertiliser which was actually sold through the black market
was difficult to measure, as it was often transferred from farm to farm or taken by small lorries
that travelled in different directions. In the Kobo and Raya-Azebo graben bottom it was even
claimed that almost all farmers without access to formal irrigation resold all fertiliser they
bought, because they feared for drought in relation to high temperatures in the area. Hence, the
price in the black market was cheapest in the three districts of the Raya graben.

The variable fertiliser black market in the Raya graben

When considering the 72 municipalities of the Raya graben, there were striking contrasts
between the graben bottom and both escarpments, with regard to fertiliser purchase, black
market rates, and price variation throughout 2016 (Table 1). Similar relatively low quantities
of fertiliser were sold in municipalities of the escarpment and in the graben bottom (15 and 17
kg per hectare), against even less in the often remote and dry horst municipalities (6 kg per
hectare). The black-market rate for inorganic fertiliser is relatively high in the western
escarpment (52%) but less in the graben bottom and horst (33-38%). In the latter physiographic
unit, not only little quantities were purchased formally, but even large parts of these little
quantities were sold off, as indicated by the low black-market rate.

Table 1. Number of tabias/kebeles in the Raya graben by main physiographic units and
corresponding average fertiliser price and sale in 2016.

Number of Average price of Volume of
kebeles or fertilisers in the black  fertiliser that was
tabias market (Birr per Qt) sold (kg per ha)
Graben bottom 33 483 15
Western escarpment 28 666 17
Eastern escarpment and horst 11 420 6

Note: six tabias or kebeles with insufficient data were not considered.
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Fig. 3. Monthly fertiliser price on the black market in the Raya graben in 2016, as average of
all municipalities per physiographic unit.

Detailed recording of black-market fertiliser prices in all municipalities of the Raya graben
showed contrasts between physiographic regions throughout the year 2016 (Fig. 3). Prices were
higher in the main rainy season. Some marketing took also place in September-October and in
January in relation to irrigation activities.

Discussion: excess fertiliser in all places with spate irrigation

In contrast, in the four districts with spate irrigation, black market prices for inorganic fertiliser
are low (35% of the official rate) and small quantities are sold officially (32 kg per hectare).
This corresponds to the farmers’ saying that there “nobody needs inorganic fertiliser since the
spate irrigation adds organic and inorganic nutrients yearly”. Indeed, on the maps of the soil
fertility atlas for Tigray, the soils of the graben bottoms in Raya-Azebo and Alamata districts
show high organic matter content, and optimum total Nitrogen, Phosphorus and Potassium.
Similarly, in Eritrea, the annual sediment deposition on farmlands with spate irrigation enabled
the farmers to harvest crops without application of fertilisers since the last 100 years. More to
the South, in 2012-2016, merchants travelled from Gojjam and Gondar to the grabens around
Weldiya and Kombolcha in order to purchase fertiliser at a rate that was 30% below the official
price, because also in those areas with spate irrigation there was selling of excess fertiliser.
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Fig. 4. Conceptual model, according to Tittonell and Giller, representing the variability in crop
response to inorganic fertiliser in North Ethiopia in relation to fertility status. (A) fertile land
where inorganic fertiliser application will not lead to substantial crop yield increase (example:
the graben bottoms); (B) responsive fields for fertiliser application; (C) responsive fields
affected by dry spell leading, in case of fertiliser application, to premature growth and/or “root
burn’ or “fertiliser injury”; (D) less fertile land, due to excessive soil erosion, that first needs
long-term additions of organic matter.

Towards a voluntary fertiliser policy based on real needs

By accepting to sell excess fertiliser to agricultural companies and traders, smallholders saved
themselves from greater losses. In the four districts with spate irrigation, black market prices
for inorganic fertiliser were low (35% of the official rate) and small quantities were sold
officially (32 kg per hectare). This corresponds to the farmers’ saying that there “nobody needs
inorganic fertiliser since the spate irrigation adds organic and inorganic nutrients yearly”. We
found similarities to what happened during the ‘Green Revolution’ in Mexico in the years 1970:
the forced delivery of high-cost fertiliser, and the reselling at half price in the black market.

Inorganic fertilisers are one of the elements that have allowed to boost agricultural production
in Ethiopia, but in our study area, the fertiliser policy needs to be much more fine-tuned so that
it is led by agronomic needs, rather than by statistics of sold volumes of inorganic fertiliser.
The availability of the soil nutrient atlas of Tigray as well as our conceptual model (Fig. 4) must
allow correctly trained experts to recommend suitable application rates of the appropriate blend,

135



taking into account that pressurising smallholder farmers to purchase fertiliser against their will
is a bad service to agricultural development.
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Scientific and vernacular names of woody plant species

In this book, sometimes scientific names (in Latin language, italic letters) are used. We have
chosen to keep the scientific names, and to translate them here.

Scientific name English ATICE TICE
Acacia asak Acacia A% 2881 hpi ANP
Acacia sp. Acacia VC o)
Aloe sp. Aloe hét oc.
Becium grandiflorum Cat’s whiskers am(b mA
Cadia purpurea Cadia any AR
Carissa edulis Num-num hoo° ao9°
Dodonaea angustifolia Sand olive hthr Aahan
Erica arborea Giant heath ha0, A0, oG | AP
Eucalyptus Eucalyptus OhC HE (chC HE
Euclea racemosa Guarrie L nAs
Euphorbia Euphorbia ROARN #0%a
Helichrysum Everlasting flower

Juniperus procera Ethiopian cedar T Bch8.
Lobelia rhynchopetalum Giant lobelia rac

Olea europaea Olive tree 0L(- A\
Opuntia ficus-indica Prickly pear AOP BARA (An
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