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Extended Summary

The Dila map sheet (NB 37-6) at the scale of 1:250,000 is located in Southeastern Ethiopia
covering an area of 17,236 km?. The area is a part of the Oromia and Southern Nations, Nationality
and People (SNNPR) regional states, its population exceeds 5.5 million and it is moderately
cultivated.

Elevation in the study area copies its main geomorphological parts represented by the Rift
Valley, Eastern Highlands, Western Highlands and the gorges of Genale and Omo. Elevation
varies between 1,200 and 1,700 m a.s.l. on the rift valley floor, whereas along the escarpment
the elevation rises to about 2,600 m a.s.l., and the edge of the plateau is flanged by high volcanic
complexes with elevation from 2,970 to 3,270 m a.s.l. The area is part of the Omo-Gibe, Wabe
Shebele, Genale and Rift Valley Lakes basins. The rainy season is bimodal from April to May and
from September to October; the annual mean rainfall was adopted as being 1,200 mm/year for
the Dila area. There is also a bimodal wind direction distribution during the year in the area of
the Dila sheet. From November to March the winds blow from the northeast and east. April and
October are transitional months with highly variable wind directions and from May to September
the winds blow from the south and southwest. There are two principal permanent rivers (Bilate
and Genale) and a large lake (Abaya).

The area investigated is influenced by endogenous as well as exogenous hazardous geological
phenomena and processes. The endogenous geological hazards comprise seismic and volcanic
activity. The seismic activity is associated with the Main Ethiopian Rift manifested by a network of
normal faults. Unfortunately, there is a lack of data on the precise location of earthquakes reaching
a magnitude of up to 6. For this reason, seismically active faults cannot be identified within the
observed tectonic network. Earthquakes would cause damage to buildings constructed in areas with
thick accumulations of sediments or loose non-welded pyroclastic deposits. Large volumes of soft
rock amplify seismic effects. The volcanic activity is represented by composite (“central”) rhyolitic
volcanoes and a field of monogenetic basaltic volcanoes. The Chericha Volcano was not reached
and therefore its eruptive history remains unclear. The Korke Seluwa Volcano produced voluminous
lavas of crystal-rich obsidian associated with minor pumice fall. The Hamasa volcanic field comprises
numerous scoria cones and appears to still be an active zone. Individual eruptions affect a limited area
but these cones are scattered and widespread. A smaller volcanic field in the northern part of Lake
Chamo last erupted approximately 0.5 Ma and is now extinct. The main problem in assessing the
volcanic hazard remains the critical lack of historical or geochronological data on Holocene eruptions.

Tectonic activity creates dynamic morphology with steep scarps prone to debris flows and
landslides. Zones with frequent rock-fall features follow the scarps of the Main Ethiopian Rift.
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One of the most serious environmental problems of Ethiopia remains erosion and degradation
of soil. Areas with intense soil erosion were mapped and features triggering and enabling the
erosion identified. Light sandy soils developed upon Late Pleistocene rhyolitic ignimbrites are
extremely prone to erosion. Streams and creeks with high flow rates are frequently responsible
for gully erosion, namely during the rainy season. In addition, alluvial fans of larger streams and
rivers are characterized by rapid sedimentation in particular during the rainy season. Lowlands and
depressions frequently formed on tectonically subsided blocks lacking drainage may be affected
by inundation. Such areas can be found to the east of Lake Abaya.

High aggradation of sedimentary material in alluvial fans on the foothills of tectonic scarps leads
to river avulsion and represents a serious hazard to towns and villages on the western banks of
Lake Abaya.



Introduction

Background

Nature manifests its destructive power in many ways in Southern Ethiopia. There are not many regions
in the world where such a wide spectrum of natural hazards is present. The Main Ethiopian Rift-a zone
of active spreading associated with intense seismic and volcanic activity, crosscuts Ethiopia. The fault
scarps are prone to slope deformations and loose pyroclastic deposits are easily eroded. Ethiopia is
also endangered by sheet erosion and several areas within the rift lacking drainage, namely recently
developing tectonic grabens, are prone to inundation. The topography together with the increasing
population aggravates the environmental problems. It is therefore important to compile a map of
natural hazards to be able to propose and implement appropriate measures to protect inhabitants and
infrastructure. In this context a geohazard investigation was performed in the area of the Dila sheet,
which comprises most of the types of geological hazards, in 2012 - 2014 by the Geological Survey of
Ethiopia with the assistance of experts from the Czech Geological Survey. The work was conducted
in the framework of bilateral cooperation between the Czech and Ethiopian governments, where the
participation of the Czech experts was financed by the Czech Development Agency in the framework
of the Czech Republic Development Assistance Program and the participation of the Ethiopian
professionals was financed by the Ethiopian government. This report deals with the assessment of the
characteristics of engineering geology and geological hazards acquired during the desk and field work
and discussion between stakeholders and the joint Czech-Ethiopian team of professionals, supported
by the analytical work of experts from other European countries.

Objective and Scope

Geological hazards endanger most of Ethiopia’s population. To enable ongoing development of
the country better knowledge of geological hazards and the limits they represent for land-use and
construction is crucially needed. The main objectives of the study for geohazard mapping were to
identify individual types of geological hazards and to map the extents of zones influenced by these
hazardous processes. The work covers the interpretation of aerial photos and satellite images,
meteorological and geological data analysis, collection of representative rock and soil samples
for geological, structural and geochronological analyses, and evaluation of geohazard distribution
within the area. The geohazard investigation of the Dila map sheet is part of the project entitled
“Capacity building in Environmental Geology - Mapping of Geo-risks including Hydrogeological
Condition in Dila and Hosaina areas, Ethiopia” that was conducted between 2012 and 2014 to
reduce undesirable effects of geological processes on society and the environment.

In order to achieve the main objectives a number of tasks were undertaken at different levels
having unique specific objectives that led to the final compilation of the geohazard map and
completion of the explanatory notes. These specific objectives are as follows:
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¢ To identify young faults with the potential of ongoing seismic activity and thick accumulations of
sediments potentially amplifying seismic effects

¢ To identify links between the tectonic setting and evolution of fluvial systems including gully
erosion and rapid accumulation endangered areas

* To identify potentially hazardous volcanoes, areas endangered by these volcanoes, their eruptive
styles, eruption frequencies and the time since their last eruption

* To define zones prone to slope deformation

¢ To define areas endangered by sheet erosion and identify the principal features triggering the
degradation of soil

¢ To identify the source of fluorine in the groundwater

The desktop study and field work were carried out by mixed groups of Ethiopian and Czech
geologists. The geochronological analyses were carried out in Hungary and Great Britain. Final
assessment and publication of the map were carried out by a joint Czech-Ethiopian team of
professionals. The names of participating experts are shown in Tab. 1.1.

Tab. 1.1 Team members

Name

Institution

Participation field

Vladislav Rapprich

Czech Geological Survey

Volcanology, project leader, main editor

Leta Alemayehu

Geological Survey of Ethiopia

Project coordinator, Engineering geology

Petr Kycl

Czech Geological Survey

Engineering geology, landslides

Habtamu Eshetu

Geological Survey of Ethiopia

Engineering geology, compiler of the engi-

neering geology part

Tomas Hroch

Czech Geological Survey

Geomorphology, erosion and sedimentation

Krystof Verner

Czech Geological Survey

Structural geology

Jan Malik Czech Geological Survey Engineering geology
Institute of Rock Structure and
Jifi Malek Mechanics, Czech Academy of | Seismology

Sciences V.v.i.

Veronika Kopackovéa

Czech Geological Survey

Remote sensing

Jan MiSurec

Czech Geological Survey

Remote sensing

Petra Hejtmankova

Czech Geological Survey

GIS

Jiti Sima

AQUATEST a.s.

Hydrogeology

Craig Hampson

AQUATEST a.s.

English editing

Yewubinesh Bekele

Geological Survey of Ethiopia

Engineering geology

Tsigehana Tesema

Geological Survey of Ethiopia

Geomorphology

Ermias Filfilu

Geological Survey of Ethiopia

Engineering geology

Firdawok Legesa

Geological Survey of Ethiopia

Geophysics

Habtamu Bewket

Geological Survey of Ethiopia

Structural geology

Ezra Tadesse

Geological Survey of Ethiopia

Geophysics

Tutan Negash

Geological Survey of Ethiopia

Engineering geology

Alula Demewez

Geological Survey of Ethiopia

Engineering geology

Ermiyas Filfilu

Geological Survey of Ethiopia

Engineering geology

Zoltan Pécskay

Hungarian Academy of Sciences

K-Ar geochronology

Heye Freymuth

University of Bristol, GB

U-Th series disequilibria




1. Basic Characteristics
of the Area

1.1 Location and Accessibility

The study area is located in Southern Ethiopia, in the part of the Main Ethiopian Rift and adjacent
eastern and western Ethiopian Plateau. Geographically, the study area is bounded from north to
south by latitudes 6°00° N and 7°00’ N, and from west to east by longitudes 37°30" E and 39°00° E.
The area covers approximately more than 17,236 km? of the topographic map sheet of Dila (NB
37-6) at a scale of 1:250,000. The location of the map is illustrated in Fig. 1.1. The sheet is bounded
by the Hosaina sheet to the north, the Dodola sheet to the east, Agere Mariam sheet to the south
and by the Dime sheet to the west.
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Fig. 1.1 Location map
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Fig. 1.2 Administrative zones and main roads:

1) Abaya; 2) Adola; 3) Bore; 4) Dima, 5) Dodola; 6) Gelana; 7) Girja; 8) Hambela Wamena, 9) Kofele; 10) Kokosa;
11) Nensebo; 12) Siraro; 60) Aleta Wondo; 61) Arba Minch Town; 62) Arbegona; 63) Arba Minch Zuriya; 64)
Aroresa; 65) Hawasa Zuriya; 66) Hawasa Town,; 67) Bensa; 68) Bolossa Sore; 69) Bona Zuriya; 70) Boreda, 71)
Boricha; 72) Bule; 73) Bursa; 74) Dale; 75) Damot Gale; 76) Damot Pulasa; 77) Damot Sore; 78) Damot Woyide;
79) Dara; 80) Deguna Fango,; 81) Dila Town; 82) Dila Zuriya; 83) Dita; 84) Gedeb; 85) Gorche; 86) Hula; 87)
Humbo; 88) Chencha; 89) Chire; 90) Chuko; 91) Kindo Koyisha; 92) Kochore; 93) Kucha; 94) Loko Abaya,; 95)
Malga,; 96) Mirab Abaya; 98) Ofa; 99) Shebedino; 100) Sodo Town; 101) Sodo Zuriya; 102) Wenago, 103) Wendo
Genet; 104) Wensho; 105) Yirgachefe; 110) Nech Sar National Park; 165) Uraga.

The area can be accessed by the road connecting the capital city of Addis Ababa with Butajira
- Hosaina - Sodo - Arba Minch and Mojo - Ziway - Shashemene - Hawasa - Dila and the main
Nazret - Asela - Shashemene asphalt roads. The all-weather gravel roads within the study area
are in good condition and the area is accessible for mapping work. Most of the central-eastern
part (both the rift floor and the escarpment) can be accessed via the all-weather gravel road that
branches off from the main Hawasa - Dila - Agere Mariam road and connects the towns of Daye,
Hager Salam in the eastern and Dimtu and Bedesa in the central part of the sheet. The western
part of the sheet can be accessed via the main Hosaina - Sodo - Arba Minch asphalt road and its
branch roads to Bele, Gesuba and Chencha.

The main accessible roads are shown in Fig. 1.2.

1.2 Population, Settlements and Health Status

The Dila map sheet is located within the Oromia and SNNP regional states. Most of the dwellers
are Oromo people. Permanent settlement is concentrated along two old traditional roads, where



the biggest towns Leku, Yirga Alem, Wondo, Hagere Salam and Dila are located in the western and
Sodo, Humbo and Arba Minch in the eastern part of the sheet.

The southeastern part of the study area is inhabited by Oromo people. Population settlement
is mostly limited to the towns and villages. The northern and western parts of the study area are
inhabited by different ethnic groups of the southern peoples (Woleita, Sidama etc.). The Amhara
people are also found in the study area, mostly limited to the main towns.

There are 8 Zones and 59 Weredas within the mapped area (see Fig. 1.2); however, some of
them are not located entirely within the boundary of the map sheet. To calculate the total number
of people living in the mapped area the number of people living in the Weredas was assessed from
the total Wereda population and by the percentage of the area within the map sheets. Tab. 1.2
shows the population in the different Weredas within the mapped area.

Based on the data provided by the Central Statistics Authority, the total population is assumed
to be 5,550,108; however, this figure could in reality be several thousands higher. The urban
population comprises about 35 % (Dila and Sodo towns with 81 and 76 thousand inhabitant are
the biggest urban settlements of the sheet - Hawasa and Arba Minch are the biggest towns of the
southern region, but they are only partly extending on the sheet area) and the remaining 65 % of
the population lives in rural areas.

Tab. 1.2 Population in the study area

Wereda area in Assessed
Region | Zone Wereda the mapped area .;I)-?)tpal,:lation population in

[km?] [%] the mapped area
Oromia | Borena Abaya 1,189.5 100.0 104,374 104,374
Oromia | Borena Gelana 626.5 45.8 70,291 32,165
Oromia | Guiji Adola 307.8 25.3 136,672 34,556
Oromia | Guji Bore 1,236.0 96.3 210,078 202,248
Oromia | Guiji Dima 3228 100.0 64,214 64,214
Oromia | Guiji Girja 19.3 21 50,153 1,032
Oromia | Guiji Hambela 128.5 226 110,931 25,028

Wamena

Oromia | Guji Uraga 746.0 80.8 177,170 143,162
Oromia | West Arsi Dodola 284.3 17.2 194,817 33,457
Oromia | West Arsi Kofele 2234 33.8 179,608 60,682
Oromia | West Arsi Kokosa 629.4 99.2 144,505 143,310
Oromia | West Arsi Nensebo 66.9 4.2 114,524 4,800
Oromia | West Arsi Siraro 5.2 0.9 145,404 1,272
SNINP Awassa Town | Awassa Town 75.4 48.0 259,803 124,688
SNNP Gamo Gofa Arba Minch T. 321 97.3 74,843 72,858

)
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Tab. 1.2 Population in the study area (part 2)

Wereda area in

Assessed

Region | Zone Wereda the mapped area :z:)atjlation population in

[km?] [%] the mapped area
SNNP Gamo Gofa Arba Minch Z. 192.5 19.9 165,680 32,964
SNNP Gamo Gofa Boreda 464.1 100.0 67,947 67,947
SNNP Gamo Gofa Dita 51.1 18.0 83,953 15,136
SNNP Gamo Gofa Chencha 3374 90.3 111,680 100,876
SNNP Gamo Gofa Kucha 176.5 12.7 149,835 19,000
SNNP Gamo Gofa Mirab Abaya 617.4 100.0 74,901 74,901
SNNP Gamo Gofa Nech Sar NP 47.4 17.3 (0] 0
SNNP Gedeo Bule 274.0 100.0 105,921 105,921
SNNP Gedeo Dila Town 18.0 100.0 81,644 81,644
SNNP Gedeo Dila Zuria 122.3 100.0 97,327 97,327
SNNP Gedeo Gedeb 80.9 25.3 146,732 37,117
SNNP Gedeo Kochore 1471 68.3 131,418 89,809
SNNP Gedeo Wenago 142.7 100.0 117,630 117,630
SNNP Gedeo Yirgachefe 268.5 100.0 199,077 199,077
SNNP Sidama Aleta Wondo 230.5 100.0 188,932 188,932
SNNP Sidama Arbegona 336.5 100.0 144,300 144,300
SNNP Sidama Aroresa 373.5 54.8 170,143 93,221
SNNP Sidama Awasa Zuryia 66.2 21.7 139,891 30,336
SNNP Sidama Bensa 547.5 100.0 251,070 251,070
SNNP Sidama Bona Zuriya 229.9 100.0 128,462 128,462
SNNP Sidama Boricha 588.4 99.4 236,341 234,916
SNNP Sidama Bursa 222.0 100.0 100,642 100,642
SNNP Sidama Dale 276.9 100.0 215,693 215,693
SNNP Sidama Dara 250.0 100.0 157,866 157,866
SNNP Sidama Gorche 212.3 100.0 139,780 139,780
SNNP Sidama Hula 287.3 100.0 130,433 130,433
SNNP Sidama Chire 108.2 29.6 114,413 33,823




Tab. 1.2 Population in the study area (Part 3)

Wereda area in Assessed
Region | Zone Wereda the mapped area -;I)-z:)alilation population in

[km?] [%] the mapped area
SNNP Sidama Chuko 308.1 100.0 171,667 171,667
SNNP Sidama Loko Abaya 874.7 100.0 99,216 99,216
SNNP Sidama Malga 201.3 97.4 114,030 111,065
SNNP Sidama Shebedino 1971 100.0 189,835 189,835
SNNP Sidama Wendo Genet 49.8 22.0 153,283 33,698
SNNP Sidama Wensho 179.5 100.0 120,655 120,655
SNNP Wolayita Bolossa Sore 8.8 2.9 196,607 5,731
SNNP Wolayita Damot Gale 168.7 66.0 154,610 102,081
SNNP Wolayita Damot Pulasa 20.5 12.4 108,083 13,404
SNNP Wolayita Damot Sore 163.3 90.3 106,180 95,871
SNNP Wolayita Damot Woyide 352.0 100.0 96,299 96,299
SNINP Wolayita Deguna Fanigo 318.7 79.4 96,472 76,580
SNNP Wolayita Humbo 854.8 100.0 125,286 125,286
SNNP Wolayita Kindo Koyisha 261.5 49.7 109,176 54,256
SNNP Wolayita Ofa 285.5 741 104,276 77,244
SNNP Wolayita Sodo Town 25.6 100.0 76,780 76,780
SNNP Wolayita Sodo Zuriya 404.3 100.0 163,771 163,771
TOTAL 5,650,108

Source: Population by Zone, Central Statistics Authority Statistical Abstract (2012)

The majority of the rural population of the region practices crop production which is in some
areas highly developed, and commercial plantations are common. The agriculture in the SNNPR
is small scale subsistence farming, producing products mostly for family consumption. The
contribution of industry as well services has increased over the last decade indicating the structural
transformation of the economy from agriculture towards industry and services. Oromia made the
largest industrial contribution to Ethiopia’s economy, with an estimated 60 % of foreign exchange
earnings. The largest proportion of Ethiopia’s export commodities originates in Oromia, including
the following products: coffee, oilseeds, leather products, fruits and vegetables, flowers, gold, etc.

Considering the trends in population growth in Oromia (2.6 %) and SNNPR (2.8 %), access to
water will become worse by 2015 in urban areas and 2025 in rural areas, respectively. People in
the area of map sheet could face water scarcity i.e. less than 1,000 m®/year, and/or even water
stress i.e. availability of less than 500 m®/year (Tesfay Tafese, 2001). The life expectancy at birth
is 49 years for males and 51 years for females (WHO, 2006).
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Access to safe drinking water is limited and some statistics suggest that only 15 % of rural
inhabitants have access to safe drinking water. The WHO (2006) statistics show that 31 % of
the rural population has sustainable access to improved drinking water sources (96 % of the
urban population). This low number is alarming because 70 % of contagious diseases are caused
by contaminated water. This is a serious problem for Ethiopia in the effort to establish a strong
agricultural community that will be able to safeguard the supply of food for the whole country.
The main source of water supply is groundwater accessed through dug wells, from alluvial and
other sedimentary and loose pyroclastic deposits and from fractured or weathered volcanic and
basement rocks through deep wells. Embankment dams are also sources of water for domestic
animals and livestock. Surface water like the Bilate River and water of lakes is used for domestic,
livestock and irrigation purposes in nearby settlements. The supply of safe water is not equal in all
of the Weredas of the region.

1.3 Land Use and Land Cover

Poor land use practices, improper management systems and lack of appropriate soil conservation
measures have played a major role in causing land degradation problems in the country. Because of
the rugged terrain, the rates of soil erosion and land degradation in Ethiopia are high. Setegn (2010)
mentions the soil depth of more than 34 % of the Ethiopian territory is already less than 35 cm, indicating
that Ethiopia loses a large volume of fertile soil every year and the degradation of land through soil
erosion is increasing at a high rate. The highlands and some parts of the Rift Valley floor are now so
seriously eroded that they will no longer be economically productive in the foreseeable future.

Theland and water resources are in danger due to the rapid growth of the population, deforestation
and overgrazing, soil erosion, sediment deposition, storage capacity reduction, drainage and water
logging, flooding, and pollutant transport. In recent years there has been an increased concern
over climate change caused by increasing concentrations of CO, and other trace gases in the
atmosphere. A major effect of climate change is alterations in the hydrologic cycles and changes
in water availability. Increased evaporation combined with changes in precipitation characteristics
has the potential to affect runoff, frequency and intensity of floods and droughts, soil moisture, and
water supplies for irrigation and generation of hydroelectric power.

Human interference in the physical environment is great due to the high population growth
rate and migration of people resulted in people searching for additional farmlands by clearing the
existing small patches of vegetation cover. Sheet and gully types of soil erosion are mainly observed.
Cultivation and deforestation have considerably changed the natural vegetation cover over much of
the area, aggravating the rates of weathering and erosion; farming is also practiced on slopes, which
can add to the erosion rate. Large areas have been totally devastated by sheet erosion of soil. Some
areas to the north of Lake Abaya (Fig. 1.3) are protected to enable the soil to recover.

Land cover includes cultivated land (large scale farms and family farms with different intensity
of cultivation), vegetation (shrub lands and natural forest, grassland riparian vegetation, swamp),
manmade features (urban or built-up areas), rocky outcrops, bare sand/soil, and water bodies.
Land cover is shown in Fig. 1.4. The land use is characterized according to FAO-UNESCO (2000) by
the arrangements, activities and inputs people undertake in a certain land cover type to produce
change or maintain it.

Land use information is derived from land cover maps and provides land use classes. It shows
that only a part of the Dila area is not cultivated. The floor of the Rift Valley is used for irrigation
to plant different types of vegetation and fruit. This land use classified as “Intensive Annual Crop
Production” describes areas where annual crops (cereals, pulses, oilseeds and vegetables) are
cultivated. “Intensive Perennial and Annual Crop Production” describes areas of mixed agriculture
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Fig. 1.3 Recovering of devastated landscape to the north of Lake Abaya

where both perennial (enset, coffee, chat, fruit trees, bananas, etc) and annual crops are the main
sources of income. “Pastoral-Grazing and Browsing with some fuel wood production” is extensive
throughout the area and ranges from afro-alpine vegetation in Sidama in the east to woodland,
shrub land, wooded grassland and even bare land with some vegetation in the center of the area.

Vegetation

Vegetation cover helps to minimize water loss and soil degradation. The type of vegetation and
its distribution in the area varies mainly based on temperature, al