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1-1
CHAPTER 1

INTRODUCTION

1.7 GENERAL

This document i{s one of a series produced during the course 0f7the
FAO/UNDP/ETH/78/003 project, Assistance to Land Use Planning, in the
Land Use Planning and Regulatory Department (LUPRD) of the Ministry of
Agricu?ture (MOA), Ethiopia. One of the main objectives of the prajeét
has been the development of a wmaster Tand use plan (MLﬁPj for
agriculture in the country, based on the FAD agroecological zones
methodology for land suitability assessment (1978} deveioped for
continental Africa.

& fundamental requirement of the planning exercise'has been the
compilation of a comorehensive land resources inventory of physical land
resources of the country., Without this comprehensive land resources
data base, land suitability evaluation and development strategies
could not have been considered in terms of geographical realities.

A location map of Ethiopia is-shown in Figure 1 Tor reference.

1.2 METHCDS AND RESULTS

The report summarizes the methods employed and the results
obtained in generating a 1:1 000 000 scale Geomorphology and Soils
map of Ethiopia primerily in support of the reguirement for a land
resources data base referred toc above.

Geomorphoiogy and Soils data included in the map and Tegend and
in this report are derived from a geomorphic interpretation of 71
scenes of Landsat imagery, available surveys, field traverses,
topographic maps, Tand use data and agroctimatic information.
Landscape units approximating smell groups of land systems
(Christian and Stewart. 1953}, and individual land systems in some
cases, were identified in this way. Fach landscape unit identified

contains a unigue soil association.
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The Geomorphology and Soils map compiied in the manner described
is comprised of eight 1:1 000 000 scale map sheets and has an extended
matrix Tegend. Since the map and Tegend were intended to stand as
the most complete, independent data source on the geomorphology and scils
of Ethiopia at the time of their completion, in addition to providing
the neccessary thematic data on geomorphology and soils for the MLUP
exercise, both are considerably detailed. In its present form the
map represents an update, for the section covering Ethiopia, of the
only other comprehensive sail map of country, the 1:5 000 000 scale
FAG/UNESCO Soils Map of the World [1977).

To provide a comprehensive understanding of the nature and
distribution of the various map units identified and the methods
used to delineate them, the remainder of this report is structured
in such a way as 1o give a progressively move detailed pictyre of the
different components of each. Chapter 2 for exampie includes a general
summary of physical environment of the country with background on
ciimate, geology. geomovpholiogy, jand use and soils. Details of the
methods used to compite the map and Tegend are contained in Chapter
3, with particular reference to the influence of remote sensing and
image analysis in the derivation of the Tinal map. Chapter 4 provides
details characterization of the gecmorphology of the various map
units ddentified. {rosg-sections of each of the geomorphic units
identified and the 382 resultant landscape units, together with a
summary of the soil asscciations which characterize the geomorphic
delineations as particular landscape units, are included in this
chapter. In addition, plates are provided in the second half of
Chapter 4 to jllustrate the nature of the image signatures of many
of the geomorphic subdivisicns used in the coastruction of the Tegend.

Chapter 5 makes up the bulk of the report with details of soiis
occuring in Ethigpia, supported by considerable field and laboratory
data gieaned from numerous existing soils related reports and from
field and laboratory investigations carried out by the Assistance to

Land Use Planning Project.
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- A brief description of climate, geology, gemorphology, land
use and soils Ffollows.
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The intent of including information on climate, geology and

~F

use in this chapier is tc srovide a physical and geographic sefting fov
the geomorphic and soil patterns that are brief?y set out here in
overview form. Thus the information an climate, land usg and geology
is in no sense complete, while the expositions on g&amarphsiogy and
soils are very general but will be slaborated upan in subseguent
chapters.

At the end of this chapter, a 1ist of previous studies with
geomorpholiogy and/or soils emphasis, or with geomorphology and/or soiis

S a
as a significant component, is given,

its large extent of high altitudes and cool tropics. However great
3 1 N iy b ~ Py . s 4.
variations in c¢limate ccour across Ethiopia, and are to & large exts

n
responsible for the country’s widely varying soils, and o a lesser

o
extent, widely varying landforms. From the deserts of the Dan

the mountains of southwestern Ethiopia where precipitation reaches
over 2 500 mm annually, climate 95 guite faithfully reflected in gros:

patterns of scil development.

Circulation and Precipitation

Tropical ﬁ@nvergénc& Zone {E?CZ}& the Northeast

Southwest Monsoon. Precipitation is in turn strongly influenced by

the relative movement of these circuiation systems over the Ethicpic
: z 3 i = Avnrr AE it E A £ e TV

land mass. In Jdanuary for example, the scuthern position of the
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brings most of the country under the influence of the Northeast

Trade Winds, resulting in an nsive dry season {Hurni and Stdhii,

-

Horthwerd movemsnt of the ITCZ ovar Ethiopia in the period Maran

to June encourages the progressive movement from the southwest of moist
taden monsoonal air masses. By July, most of the country is unds

r
fluence of this Southwest Monsoon wnich brings about The onset of ¢
main rainy season {[krempl) over much of the Ethispian tand mass.

7

A small rainy season {belg) results from the movement of a
¢ system over the Arazbian Pennisula and from the southwest wino

pressur
over the Indian Ocean { Hurni and Stdhii, 1982). The belg precedes 4.
main rainy season in the south and southwestern highlands of Ethiopis.

Apart from the effects of major ¢irculation systems, the phys:io
graphic abrupiness with which the high altitude Ethiopian land mass
stands above the sarraﬁﬁdéwg Towlends is & major influence on

srecipitation througho otal ampunts of rainfa

- R I R T TV N v M - w4 £ o om - o
substantially hignher z, therefore, than Tov bord

Tow Tying countries,

EATY B LI R S 3 3 b e L PR S -~
Rainfall amounis vary widely throughout Ethio

[ o 4 ~ s sl B s o § ! I FaC [T g i
principally determined by 1) the diraction of moisture bearing seasan|

‘&

atr currents and 11} the elevation

f mean anpual rainfall is given in Figure 2.

The hi of mean annual rainfall occur in the south-
western hichlian

is 2 200 wm. I

. Yo " F - v 14 el © LYaTe W TPty P T £ o
m elevation receive betwsen 1 400 and 2 200 mm {Bamschuy, 1977, o
3

g, Heve nean aﬁﬂuai rainfai’
n the southwest of over |
=¥

much of the

o
&
L
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Rainfall decreasesa
the escarpments of the Rif

B

argins in sastern Welo and
northern Harerge. Mean annual t

1

ow 200 mm.  The rainfall ad?@rt is

he Danakidl Depression and
an the Red sea coast falls bel gy

much more gentle to the south, southeast and west. Mean annual rainfail

in the Ogaden only eventuai?y decreases to less than 200 mm, and in
the western lowlands of Ethiopia values generaily remain above 1 000 .

Seasonal distribution of rainfall is an important feature in
Ethiopia. Rainfall pattern recgions are shown in Figure 3. Marked wet
and dry seasons occuyr over most of the country, the excegt%sﬁs being
1} the extremely dry areas., as on the Red Sea coasi, where even durine
the "wet” season there is very 1ittle precipitation and 11) the extrems
wel areas, as in the southwestern highlands, where even during the "dry
season there is significant precipitation. The time of wear of occurencs

of wet and dry seasons, as well as their relative lenath, vary widely.

Temperature

)

Temperature is greatly influenced by the rapidly changing
altitudes <in Ethiopia. Lateral variations of relatively few kKilometers

nay result in vertical changes of 1 000 meters or more in some of the

ok
o
£
o+
<
42
A3
d
%

major canyons. on the siopes of high mountains, and &l
Vatley escarpments.

The high correlation between aliitude and m
éur€ﬁg the growing period {R=.7% for the southeaster:
he Qgaden and R=.95 for the vest of E
thermal zones based on contours This is shown i
annual ftemperatures tend to he 2- 3% 1,
indicated in the figure for each
pattarn of Ethiopia is clearly in
Extremes in temperafure vange from-the mean annua
of 34.5°C in the Danakil depression at 180 below ¥si to mountain slope:

aver 4 000 m above Msl where wminimum temperaturses fall below
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1 . RAINFALL PATTERH REGIONS OF ETHIOPIA
- LEGEND TO FIGURE 3

Summary Description

- One comparatively short rainy season in summer
ong rainy season; dry season in winte
Some stations with year rvound growing period
- One compavatively long rainy season with rainfall o
spring and autumn separated by a season with Jess but
considerable rainfall

- Long rainy season in winter and small rainfall peak in

summer
~ Main rains in summer preceded by a small rainfall pesl
spring or by a prolonged pericd of moderate vainfall

1
3

~ Twa short rainy seasons. Main vains in spring, smel

in auvtumn.

Spring, summer, autumn and winter refer to seasons of the year

according to common usage in the femperate northern hemisphere
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basement materials, limestones, Mesozoic and Upper Paleozoic sandsiones
as well as giacial deposits a &
been strongly affected by stru

Tastics., The area has

£
&
b
ol &
[
e
=
=
=
K
Lo
5

ctural movements and topography is
extremely rugged. Over a comparatively shorit dista ance, rainfall
decreases from a high of over 7 200 mm to less than 700 mm. Land use

it

is equally variable.much of the area has been intensiv aly cultivated
for hﬁﬁhfﬂés af years while in other paris dense bush and shrub vege-
tation ore nate.

1
. Acrisols, Luvis e=s§ vewfﬁsasﬁ Andosols, Hendzinas, Phaeozems,
56 s all cover substantial
aress, according to the p

articular conjunction of geology, climate,
topegraphy and land use at any given point. Generally, Mitoscls and

ted soiis p?ﬁéﬁmfﬁatﬁ novth of Lake Tana, VYertiscls predominate
stopes of the area along the Sudan border, and

occur over much of the rest of
the area with 1ts substantially drier climete. However this pattern

13 not consistant.

&

rae areas and alluvium of equally mixed Grigéﬂ iz
plains of the Genale. the Wabi Shebele and the Fafen

origin covers
found on the flood b
rivers. With rainfall rarely exceeding 400 wmm, evapotranspiration

hoand topography comparatively flat, parent material
fect on soil differentiation across the region.

On the vast plains in the area. gypsic and calcic Xerosols and
Yermosols occur. Petrogypsic end petrocalicic phases are commoh,
according to the parent material, particularly on coiluvial slopes.
Saline phases and Orthic Solonchaks freguently occur on evaporite
the eastern Ogaden Cambic

P

sugh the area  has so much windbiown material
5
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On the flatter landforms in the south, soils are Futric Cambisols.
They are very deep due to the nature of the parent materials., In
addition, large areas of Vertisols are found in numerous basins with
seasonal drainage deficiencies. As slopes exceed approximately 15%
the rhyolites give way to gneisses and gr nites. Lithic phase
Eutric Cambiscls and Lithosols occur on these materials.

With the increase in rainfall toward the north, Cambisols grade
to an association of Vertic Luvisols on the flatter landforms and
Chromic Luvisols and Eutric Cambisols on the stesper landforms. Orthic
Acrisols and Dystric Cambiscls become more common as rainfall increases.

The Southern Rift Valiey

This area inciudes the zone from Lake Chew Bahir on the Kenys
border to Ueke oka south of Addis Abeba. Geology is compiex. Parent
materials inciude Teriiary pyroclastics and Quaternary basalts. Much
of the area zround the numercus RIFE Yalley lakes is coversd by
lacustrine deposits of various origins. Evaporites cccur around Lake
Chew Bahir. Finally, much volcanic and granitic colluvium covers
extensive colluvial slopes and fans on the Rift margins, particulariy
in southern Sidamo and Gamo Gofa,

- Yitric aa@;&a%%éa Andoscls occur throughout, although the
largest areas ave concenirated to the novih of Lake Abaya. Andosols
have developed on ash and pumice Taid down both as serial and as
lacustrine Jenosits.  Sodic phases are common throuchout and saline
phases and Orthic Solonchaks oceur around Lake Shala. Where Quaternary
basaTts oubcrop, Lithosols and ax%&%s%v&'areas-ﬁf rock outcrop ocour,

The RiTt Valley narrows at Lake Abaya and the very steep topo-
graphic gradient has ?@SE?“ ad in extensive colluvial slopes and

3

fans. Whare solTuvium has originated in the fine textured soils of
1 g, Chromic Vertisols occur, as

the volcanics of the highland platem
they do on the fine textured fluvial and lacustrine deposits laia

down on the margins of Lake Abayz. Whers colluvium ariginates
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Elsewhers, Lithosols, 1ithic phase futric Regosols and extensive

rock outcrop ooour, the latter ofien as lava flows. There

gre occasional instancss of Lutric Regoscols on the flatiest landforms

and of ¥itric Andosols where volcanic a s are found,

2.4. 11 Hortheastern Welo, eastern Tigray
Northwestern Eritrea

he Eritrean cpast and

€,
w
oF

These areas are primarily desert. Parent maferials inciuds
Tertizry and Quaternary volcanics, colluvium from the highland plateau,
asolian deposits, marine deposits along the Evitrean ceast, felsic and
metamorphic Precambrian basement materials in northwestern Eritrea and
11 is less than 200 mm.

occasional inclugions of Timestone. Reinf es
Soils are not developed, but unconsclidated deposits do vcocur as sand
H

L

oy

dunes, colluvial and alluvial fans and beach sands, all more often
than not saline. Plavas, eviensive lava Tlows and occasional occurences
of Eutric Regosols and ¥itric Andosels are alse found. Rock outcrop

pradominates on stoping tandf

2.4.12  Areas of different soil types in Efhiopia

Table 2 indicates the areal extent in sg ks of the varicus soil types

mapped on the Geomorghology and Soils map of Ethiopia.

gy,
£
H

a he percentage
of the total arss of the Couniry caverad by esch is also indicated.






= LR S
e [t R
o) 0 & g T3
E v ™ - N
o 20 fom Rl - (s8] ﬂ/.WH
oW o iy 1w o ) &
T3 3 ey spm 3 [ iy o N
L w Lol I = D ]
1153 <03 o 33 f5ed o 1 @y
i K N M 3] fooR s R v
1w [l B e £ M
S o B e fead
it
Fon
Fiud
e

: a o
. S W i [ 0y
o) 2.3 1T o 6] L]
= 0 ’ o gt
V5 48] WO foad 3 17y
I3} b I e oo . % £
= T o B (R ) W
43 EAR LR T Ty W BT
s g ey, 40 [
L 34 Wy W €3 Ba e
o] Wy E e Lo A a3 -
s e a2 {5 TR R
] 43 I T T oW n
4ot £ » -~ £ He
Fum i . & ]S e P B S
[ WD . [] o L 1
24, e Y e o s ol - sy
3} 3 » s Sew ) 4, e B A
S povd [N foe ] [l
E B o wous
[ 1751 ot I o IS R o1
o0 [ I oF S i .
ot a0 agv pe £ F s oy
pon T 0 S 3 Lid )
£ ] S o ] [£8]
- S S s+ o LA
S oy S I & E e
o3 & & £ [
[y L.oam % T i
Tl fon R ¥ - Y i)
o 0y R £,
7 L el <M} LR e W
3 REETEE SR o W
j o w3 w5 b L.
g £ [ah] Gy 4l L.
% ) PR YRR ¢ F R e
U1 4w fa N
e I vl g s X9 i [ T o
Y I g v Qs g
7 v [l B o b
LI M g L P G D WD
P R S ) R g B e
@ & O o e
Ao s whiooo @ IS et
Wy Lo BT e ) @ . 3
s <3 £ ot NI Lt 2o
o} B R S~ RSN AT R o4
b whed BT e el e G) U3 e
u.:.e.u. S v g e B S £y o
Lif oo el o @ Lon B G T v
L TR w PR 1 I W O T+ B i . P I I v R
e wnd 3 L T I - @A e e

ahy number of

» B ™
e oy SLY e e A0 § S s
Uy e By ) o ‘ﬁw s »i.. [ F72)
173 ey i T [aad s e
L0 W @ T o o o o 2% %5
. . L e 5 BN (O
K L T 4} e L peen 7 w3 b = .G



3
¥
(5]
™

msenite)

3«50 370 iy @ ,,;;;g._mh d&&cv

ETHIOPIA | |

\ LOCATION OF EXISTING SO DATA

N 1 |
| L ekt
i { nnimd seps Belevevere
‘3 we s SOOI NEAR D (D08 e vawe
& Thgrny sorgl developargnt
Sy
S B Dt vivey baaly stady :
3 €49 wpllsy wheety
"«% ? Vi Shabide bowin afey

GBindas b whvgwr Sueadvs $ ey

\\ P
* Fa Hlae :
3
Yo .

st ey s

f?‘f !&\ BULF OF A DEN

e

;‘.“ %%ﬁn W%(ﬁ v p fm«v —

g

Ben 4




£ jeq o~
o] L2 B
e 32 U
£ ey A4 2 bud]
W s X BN cX NS o NS v ool foms
g2 L T SN o S (5 N R
13 Fooll B O - B < o
O R T - S S T
o] (A B ¥ fom 28]
fos oW w4 >
fw} » - e ESE I fral
e Doy W e e 0D ;
3 W : gnm [N R u
o e T I B o3 b
% 1= @ woow U £, iy
k] 3 et : o 174 e )
e e Lt 4 o <]
g ¢4 £ b ]
13 e e .
s 5]
£ e o~ e
o o N kie]
T B
[t [+
o b
S 43 o
B ol o
wye NU
153
oo
B faN
Pt R
£ 4D 43
y o an
s Qe &
Od g ey
i
Fon YO o iy
3 4ad
g L
i (%] )
= )
) R o)
[¥H] S
b £ P
ey ey b
g ooy 1t N
ml A T o
40 [} 1] 42 s s B O L 25 ]
a0 21w Dy e (5 I LU & ST v TR i B
ageeLbd £ u e LE2 syme { gaen gean T 0Ty »
L3 ] [ IR & £y T Eaaed Wi g & 751
o . g 19 P E AR L] e B Y PR S -]
47 o3 L TR G e b BT S T S o R s ST
[ s =3 B e ; G g e i P ¢ .
W e Lo L IS T N ] N D] e Re S R I3 B
K fon T E 4} O T T = B T R T I R O
W £ A e e T3 e S o TR WA 7 o3 LI e
=3 [ i B I N ) W fee] F5o S o B A e s B
[N frs T YO W o ad S5 E S F B 5 B < BT WA
LA 7 BB v B B L for e [ o T ST I
S 0 DR o R S v e R 4D S R < R = S o W s G
T 1 O TR T R v B B e P R - oA <SR~ B S I <
e [ WG B W R B & B D L = = 7 R+ [ N 7 I -~ O - S v R



hc e 7
i) L5 Tt
B YT e




G
4

%

&

-
L .
= 4 -
3 b %
& ; 2
2 45

& "

[

A '

i 5

v g -

b i
k2







£ g o s g
SOmor ih

{

bad

s8]

i

300 00

1

<X

s

787002

7/

1

i

o

P

Lon

j§s1

e
P iy

it

&
)
.

s
H

OYanG

i,

(SN

Fas]

]

foun
L



o

Y% 3dA

HIANDD

s

: AR
C4VI G UCNALY w

SO |

- "
C e emee e )
Pooavis A s (iNY

s 340

4

Gy
/3560 ONY

-

CECTTT

B

LYSONTY
SN LN,

-

fem e

S

JPOSST -

Mm:,w

NOILY I98HCT aWil
73804V 40
Li 3RS TEYLS S

W»;m~maqu

¥3EY %
LDV

-

SNV
H1

40

ghw

ey

NI WO 3 -
HLYWILES Ony
ANy HAINGIS
NOLLY 3{d1iN 30!

Yivd dI3A00

Gy
HO!

7OSANY T A0
AHFOY
LVIFddHI LN

SLING

zo L-

b { zvmh

S [ — s e e
S S
. - P e o e+
[ o et e e S,
%,

TIMITAG
LYSaNYT 40
DHHAHOWO3ED

AM 3Oy

15

mwﬂm

T

OV o e VST |
0 NS S U OO - - [ o e

ANIWA0TIAZE FHL

d¥M STHOS mza ADOTTOHIMOKO
NI Q3ATOAN] 83

39 3ML 30

ALLDY QWY SLNGN! Nivw

iy

SR

AR £

v




s
)
faw
3

gnsive

axt

1 et

[

[t

rgsources

and

-
H

e
[ea}
]
33

<+
L

i

o]

1

4

2ra

en

e
o

)
[y

v
o
3}
e

S

Ha



Y N Sealn

- i E e @ 200 400 Q0
; N, ‘& s s e Hon,

N g'w . /»,:
[»2- 10 1‘;
{
. SUBL

o8 gy% . @n' ) o W
’ y» . o ) /”
%zywtimwm %% Qh % o / M[ 7
N | !
§' N

: H
PoomEmya
el s
mm B T

i

E:i ure } G

Landsat index map of Ethienia. Dots dndicate image centres. Marginal

‘:

o

numbers are path/row idertifiars.

5
H

Prior to commencement of geomorpholiogy and soils mapping, 1t was
apparent that 1:1 060 000 scote base maps of Ethiopia available at
that time were umg&;igfac%awy tor the pru)wib requirements, because
of the Timited topographic dztaii shown. At 1:7 000 000 scale the

71 Landsat scenes coveri troduced the possibility of

© weka
Pt

(B
vt
e
-t
o
s
j37
st

compiling a convenient vaséws%ze mosaic ideally suited to presentation
of the ltevel of geomorphnlogy and soi
was constructed in cooperation with the Ethiopian %agp‘ ¢ Agency {E“
and all geomorphoiogy and soils data were initiatly compiled on this
page. This was later transferved to & touo

'lﬂ

%aph@c base when it became
available.



4
£ @ " i
n 4 [ Ty € P Ly ke
PG R £ e 5 i (775 T - TVl
] [ S 7 T L FR LT e 4 Y pee e ] Py o
Ll R - R (R BN B Y e & oy v S W
Aol * B S ¥ N v B w o RS T L~ T L. L fi¢] e S o PR o SE=
L] s} Ly %X LA 7> B~ N o ) LTt S = o B~ B 1)
[0 T oG S s & T ¢ TS S 77 S-S~ S ¢} BT Ad T s n LA B N
o0 SR <& N il £ N e oo I ) B ™ S Jol U T3 154
o IR oo 1= T S ) BT R A Q) L. THowr o ByoW
L . I T WO oo BRI w . SRS S SRt S 1 B fis} LI R v}
o [ T v T ¥ S oY T oo e T e
4 e A R T S, SRV . 5. R T~
-SSR < o BT o £y T gem Ppwe  gee 93] L [y} A “5 4 ot &)
ST SR e o B < LI Vo ST W TE e D g W=
[ S < S SRt SR oS e e B S o [T S ] L = B
e S E R - s o B B < I Lo F I v 152}
e B B e s T P il ¢ £ Y LI [ B (X (o
o A eI Z I R s T o A D o) e
[ T o T L I R <1 ] PR <« - fo]
= T PO, S L R v BT N o N 3 e M e 3
< L] R - L It an D Aed T 4 S o SRS
5 g Eaie 2 I S 4 S w [ O 1] AZ W e “TE
[WI MRS AN S T TR <R - B < KIS B 76 B o W O W o
[ R B I R (e e 4 o o S 4.3 g W
3w BEOOY D e 9 D U D e w4 £
) B el [~ I R S e S v I % B el A SR Sy
LE O e @ W Dy e —— LY ot
Ko Yo B e e b R ES v I
B S R Lo I S SR > TR ;T & T oo B 4 SR B [ TR e R
Eon T o O T R R T T T R B SV s P F R
4. oW [SZ 2N B < s B ¥ [ L 4TS [V DR T o
Lo Y] o XL R I/ kN )W Sy
[ s O T T T B B S S ol AU B O
Lo T -3 I TV T A S IS I = T S <V B o
LT - B o R 6 S T A S 0 S B K < o e R
[ [ T o U B 4 9N
R V) B fu Lo B L L D e o O ¥ Ty
[ BT »o B ol < S 3 Ao (% B 3 S R T A L
S P S [ T % B} S e S W LD e
[¥y] V1 g W [ TS ol edS ~ol . BN 1) B 2 B v o WD ED g W
1 e L U TR o - SRS Y- I ol o B B S S B F [ T ol i
£y e [ ) [N g s B v BT S 1 [<8] o En B ) Y
o S 2 I o o S ¥ T U - (S R ) S (77 B S fond
o TR W I ;AN v SR § B oo B Fre B v ST MRS R W g e o Kow
e [7E IS R £ e et G v e O 4
£ (47 B o 1o e 0 3 Fros SR N S S €
e o O Y R 1 R T ol T el < * S e T A [ Y B ) it
L A LER [ B " : TR U B e 3 ooy ofy
€. U o D o= o 33 W mooww W o
Son £ e A L T % T % T o S e S ) ] £mo o
3 i R . v B O ) B o .,TM e i i ded IR I W e
& SRR O R o B o DR G- B ol oI B : B Yo L, G ?
fod] [ S 72 TS T o TR o T B TR [} 5] 0w [ B S - S s T it
) [ R o S SO o B/ AR <N . O B g e Qe EO - S P R w B
Lok B S [ R S 7 I, @) e e D O Q) W e » i
L S VN o S e I A Il T B = S 7' B« § NS NE R 1 Lo e b TS Y L.
L G Q) e e ZD e LU I3 = e b [ S L [
] R v s B T 4 [ R T ol 1 LI i ¥ D w7 = @ &L wre S
= W W e s a0 7S R L = B R R O L
L 7220 = A V) B S B i B ST TH e gt [ R e | o
e L2 T (v S B £ L R I - [XE R R w B R G N O O [¥h] [<H [
@ L I S I 4y i S ST = S v S-SR v
& =) [ L) o @ M B @ W O o TFOA W e L .
(&8 [ R A - NS S e TR + SR B S &1 Kol A L] [t oR- SN 4 S S A 1+ s
0 ACOU B c* TR < B T B ~ o SRR S e B« B T S S < F L e B S S Yo
I (2 B Y 1 w4 L S A v S T ] a S N @
@G I s B ol = S 7+ 3 e ar B o D fn e R el S N Wy
> BT D S I A S R R = M- S WS =S T v N I N A ™ o]
& [ T B B e T < T e F IR ol S I = S S ¢ B oS I 4 0 o =
fons} =] - B - O R T T <~ SRR V7 TS B o WY PR 7; S - T - 2= AR e o B et

3

3.2.7
;":1

—
i
e



it

5
(5]
L 3
Qe W
i P iy e
e % {0 S Ty al
g oo A i} iy o T
ar e E el < I o = w
() o . e 4 e 1%} wkaes
a8 F T T T O R d e
Wy G L T T 7 I S B il o]
e S on %3] o M A
. i AL [ s O A I
il s i £ T v TR o M
fare n . 4o W
= [ fownd a4y in
LI e LT <& B
) s}
gy e L 2
o [Co T}
13 He e Q)
= § ¥
W w
A e HE A0
L AR S
g2 (3 L7y je]
= [ pes
] 3
]
]
fis)
j]
oo -+
2
oo 3
i
3 53]
v L e
o PR
e iy 5y
& oo s
g sk =
e
W 441
[ I 5 o
o 4}
JE s L2 %
50 B S I et fos ™
" » [ I S~
" W e £ BE
RN Fnd W} [0 N 4
N Uy e = o
) wh w W 0 Sm . La
pas e P ol ] o M) [s¥) =
) L% . 4w e JEV ot o3 e g
5 TH O g o 2.3 I &
: A foed 4 Lo e
e £ wo Q) LI I B ] o Ty
[ el N w0 p p 2 Lo Y e [
[So T o B [ N R ¢ 4 F I« S P e e e
Yoo D @D Lt s B e B s v S o §ud e
oo o S N AT NS ¥ LT o v B B ¢ R A o] g e
L £ 3+ 1] S s s T ] 751 £ o] ] =
[ B g2 04 O o D W s ) S f T3
LS ] e P T o T T T = < V- o Rw B
B 0 @ B w2 oD oo O w £ Lt guon
W M G =R - S o S+ » S 1 S v B W O SR WY = oW
D 0O TR e B w2 Y4 o o e D= o



At 2]
e 4 fin]

G ¢ BN

s IR : ]

> Ser 43 e}

[<H] o om (= fond

j By [l ol

o =L [3] %] .
L3 3 wy 1 5] S
5 QW i~ ) g =
i o ) g w0 w3 g e L
=W o &= 3 e 2
P e e fee} de L - &
P e N X . o L

[ T W Av
o v ¢ e} ed vy 13
[0 S el « N =) a2 i e v
Mo X L L pea Yan ] g
L o o] w5y il

ot 4 A ad < f
L M i - W
W oay = 593 w e
e gE @ e - w
@« [Fa ¥4} W
b Wy eed g B+ B g
B e PR v N oo - g
A R L et [} .
X RN o S [ I e v o
JeE N VS N SR P
sy 4. e M g LA
o o) v &
s 4 [ I
f1s) [ L 9]
o} 1741
T ooy} Ay e o
[ fov Ll Lo tee e )
L D e e (1) gd
R I ] [ e T St @ LI
Llom Ewi Fin! 1 £, —
[ N Ao ot ] e R oo i
o A I &

g
s
o

B

1

1

Y

Ld

P B - B

&
mory
i
1
bs)
i

e -
ond oA ]

SUYTLIK

P . G
5 S R @ ) ©
3] o =z vl Ak ”
R TP to B v
° W POl SO Sull 3 @
@ e % O g
el I S AN &oE » - e R0
RN R @ O Py Q) L3
[ 5 oY Apme o on B R RS
[t det “ s i ol [on] —_ =
oo Y1 i 5] 43 g g [ ]
- W I E WA o T e i ¢

o]
»
PR

h
hown on
&y

€. [} » » M * » a
[ Rt e e B WY Wy e Lo O & L

H

brea
1

2
I
s




Fo

~

o T ow Mo 3 e i
L e D @ W o n o
fr T0Y agme & s N 1 a3
gad T m B (D Lt 2] b S G
EW I p— 33 e e TR S )
at oo oA e apn ded 3] on i h foes)
Pt o8 ) Ao W &
[ o O ) 8 L L S a
A s S A ged L¢3] [N o
. rpe = 43 Yo o] [ L e e
[ Qe B fr PR see e e o
LA gl o Ema P~ O L B 2
[ RIS L o ow 5] b [ g 2 - - L
g fn] @ [0 Bt i DHEES o P A 2
N e O =0 T e 43 L
Colad gy P w0 o e SO
[} 4 3 o Lo T e e cli S
) o 1751 7] [ po 371
& Wy e v wry 33
[ F R T W [T T o VN
3 W e 2 L 173
[ Tt o O
ke W I I S
T T Ao WD
1 £ T e
[ VIR < I £ e OR
AN T o {13 et
B ] pmen T e
et] [ ] E
e = [ v B S
oy e~ el [ 50 B e
o A o
e b o
2 G R R
R W v 4] Qw AN wiu S T B H P T s
s X [ANR
........ oed 73 oo Gy pe i1 oh 4
s fae AN PR prewwp e ot BV
Q) e e £ T, P ) o ]
(AN e B 2 I JEE S A
o o« ot foos E e b el
EXS LTS 25 Y D . [£%} Wi e s
Sa, e B LOVIRE SR ES R ] [l e
4 G e vl £ e Y L
LRI €D B ¥4 e Yt 3 £, L2 2] o
D e U - 3 15 i 7SI [ NS
oL W [+ I o) Lo €9 Lo T S . I R R vy
Sen e Ly [ o o [0 B L ) s hiagd
4y W O o F e R [ €3] e w3 fo &
g vl PR dflh 1) e St Y 4y W ) 8
[l Lo e O e e ) BT e A O ¥ T fou
= {43 JEL i W LIV ot [ T % [ wil ded )] L)
[ Aed U <o p S 7 e 1 A £ Ae  BH py) [
O W Dy 05 S ) o BT ¥4} ) n [ RN 4] ]
43 oW S 3oz 0 e T R T - ) o Qo ey £ £ ) S
pe o B A L e vt R et [ T o S0 e e o I v T+
A e e KT N TH e J a S ¢ TS - Lo} [N < < SN AR S A
e S e KDAD 8 4 a3 O v A e fiv] L p) A3 e [w)! 3 o - W e i 3 [ ]
KoV e v I B e 2 D B O ATy B [ T %) [P 1 < P L
o S o = ) e fo D e R D
LG T ] e S o Hv) oo & D 4 <13
1 3 3 i L. P < o g o] L= S W W S R ¥4 B o
ey e LT 0 byan A b LAl
B e EE N i A2 LR
e W2 o] o) e w
L3S s S B i - T
D R et = 0
-
o
a8}



“h

<
o

I
i
A&

o
&

e by
LHE

Using

4

123

a,
w5y

Symbols u

o
o
L2
5.3
P
P vl
L3
e
P ey
&

sk

W
£y e D3,
)

g

g




Was

o~ v
ol i Y
? Spee T3 TT A i §

: ] o 114]
43 < o & 5.
e L VR B & N v 5 Pl ‘
- e S - B A (o S ) e b "
oy 3 Rl - [ ] 1) 5
A [R. Iy D - & o, o -
O SO = W v i e o
e a3 e foo el W b Y W
e . ; ; O W i
b Yoo om LD o = @
fan ol s RV 1) T fo'y) = T

qual
O

red ai

1~deta

wWork fias been done by

<
i
a
I
4

Al
i A3
e i
g e opes @ W
b R oY e s ded @ S
[ B ] [SOg = [E I £ 4D 22 W
G i) o SRR ¢ ¥ b I LD P et i
oW [ I S ™o o] W3
£ = 4y - ol N (] o ) Yy
] - o« v B P5 B o i [l
= e 3 5] O 11 ED e
£ A @ L. A Ad D
f9od e = 2 5 B v 175 82 P ) 1
] R o I ¢ I e # ) = R
o £ 13 i W e wl
w3 s e 1 W CE LI i e . [] j) 4
A3 [ ] s £ et gt 1 o
3 115 [ T (] A e et o 43
L RO T = JR S ¢ ) 2 LD i iy
- WL o R o TS 1% B e K o 3 e o P
Fouli vy ay o mn D e 3 o 1
% o= o e M g DD e o s )
AN [ IS S R (¥ s e ot
e S EE R o4 Sl ST e B v &) (s}
2 [ B o= - T o B T SR o AR A N o B g3 W [
Sn o B o B <Ly 2 [ ] i, R pet (]
hoic (% ] L7 I o B W T & ) L7 T SR ] [
E 8T e B0 e ' [nd O B oo
SR v B s VA ey [V A
] G4 e IR ORI o B < sem )W 4
i @) Sam He w e o & WL A = £
[ Y] L = e« S0 wg ue o) o [ ]
T LD e D e LW hod N
EE I 4 ST = Bl w1 3 n L %3 [ S|
W 3 [l § S N sl o 3 oS- .
3 4} ML L ¢ ST [1¢] Tt ] WY @
g e [i¥] [ T w3 S g Lo
[ U & T < WY e o B S S LA~y £
s Cho 4 e a2 S e D W B
a4 W L P R <R e e
fime SO e B S  F R « KV Wy A
s KA I T po g2 (4w
o P I B RN W o S PR o
oo [ R R B ¢ ¥ (Ol V ] gt
e R O AR % S e RS =V S| [t Gt
4 See L) e g ) X [ o e oy
Doy e oW vy g b S L o AN )
El ) v LW e W s o 4w =
£ [ i © T U ¥, B - S S 7 S K | V1 G NG
3 ] W e T e o B o 1751 L 1)
G ke o O = R o B ¥ L B« B al ) o2
A ¢+ [ i -« T o TE T (- ] e
v [ oA T e = B ) o £wn
& [V = B N S T3 e w S w3 e}
P 5 L2 WA W W O = L, % [&] oy
o T B ¢ R I e =
4.2 [« spme a3 e b A ) 4 ) Fe
[ SR et & 3 L 2 e i PO e oy 8] g A+
T b e e ) €D e sem e e [ TS . il



™ E
o —
P & [y A
w5 i Wy e Dyt
T R | a3 W e i
W g b e 32 g k. kA -
- I TR s e 2y e
Vi e BT o= = oL &
3R e w0 W oy »pa LD
& = wm o g 4 g . B
8 B 4l ) £ g0 ey S b @
B T S i £ @
fo D B =y [ <
LT o M o PRy Fion &y 5 g P
i N » O W vy S bed
b W D He 1A e o 5
42y £ @ # =
ORI T el g fw
2l A o e L @
B R o, W o) Ll
e C T B S S P ) i
[ SR <+ B - SR o S o i3
[ B v £ T
5. £ fa w0 Fo
FOJE TR Y SO = B -
T oW 43 o@D g
o JZr o el
Wy @ @ ae ]
3 oWw THh Mmoo
Gy owg Th i~ I ) Sy
e g RN VI ) .
0 = Sm 0
w5y w13 3
) ow i k% ) A2
foo 01 Qe A e
a - BT ) ot
o s - 2 =
W TE e
[t 3 s k)

i
i
T

£y

N

o
5

H
&
et
ol
A

[+4] 53] o A3 €3
Gy fa. 4 3
L) - fua fend v
e Lty ] [ T o
e 3 eoowm s
o LR . pr
) 3 02 i
& [ 3 o Y R Lo
o a3 1% poc TS | e
£ Yoy L)
& Wy 193 4 & oay e
[ b da? You kol
[T Ey [ 3 K
LT W ot S RS N e
I B &£ oo o= 7
[ s R o W 1
ool v ER- a1 e
Fo I B & fw s BT ] -
[ ) PR et wgem 1 W e
B e o g e & @ oW
I QoG om oW 12 B
LE @ w viooE oo i &
[ IR P I R - I tee o)
L T A = B LR < S S X =3 3B
Lo - G S W S S 14 52 wooaW
3D E2 oo wed R e ] R
WAL e gy g 4
g S 3 1 ) 3] I 5n 5.
» WO e D g2 A LT
Ld BN @ D R A 42 i Yoo







o

o g
WY




and use

%
H
H

.
s
5,

parameters

nd/or
emark

Gecmorphology

R

i

17

ament

s

manag

e
Yygeon

2

o

®
Py
i
L7

3

¥
é

is

»

91

b

general

%

e

{v i)“

1
1

£ Y% ey
o

=
&
e

NygY
FUE

sione
st}

wo



The various combinations of these factors repeat themselves across
significant Tand facets of different landscape units. This fact,
coupled with the need to simplify land evaluation inputs on Tandform
and soils to make the task of manual suitability matching more
manageable, ted to the identification of SMU's.
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CHAPTER 4

DETAILED GEOMORPHOLOGY AND ASSOCIATED SOILS OF LANDSCAPE UNITS

4.1 INTRODUCTION

The following chapter illustrates the detailed nature of the
various geomorphic subdivisions included in the legend of the
Geomorphology and Soils map of Ethiopia, together with a summary of
soil associatations which characterize them as particular ?andscapé
units.

The chapter is divided inte two main parts. In the first
section cross~sections of the varicus geomorphic units are given,
followed by landform and soil summaries by significant land facet.
The cross-sections are arranged in alphabetical order for Qasy
reference, for each of Zhe main landform genesis types which include
alluvial, residual, structural and volcanic landform types. Cross-
sections are only intended to indicate the general form of the Tandscape
units and are not drawn to either a strict vertical or horizontal scale,
but to approximate secles.

Plates used to illustrate the imege signatures of gecmorphic
types on Landsat provide detaiis of a selection of landscape units
for comparison, and are included to provide a more complete under-
standing of the characteristics used to separate the various geomorphic
types during the image analysis stage and in the construction of the
Geomorphology and Soils mep legend.



Ab - Basins and depressions with seasonal drainage deficiencies
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Ac - Altuvial/colluvial siopes and outwash fans

m
500 ¢
me&“
-
Mﬁm‘
1200 b At A St

NUMBER
FACET
RRES (%
SLOPE

SGIL
i

)
2)

{4
Ac
¢
b
Ac

v

3
4

Ac

|
n.a.
100

g-8

Chromic Yertisols
Futric Fluvisols

Futric Fluvisols

falcic Yerosols
saline phase)




Ad ~ Dettas

NUMBER
FACET
AREA £4)
SLOPE (%)
SOTL

Ad!

4

Ad©

£l
Segsonal
fm}‘?er i
‘ 2 I
U T SR

Chromic Yertisols Futric Fluvisols
Eutric Fluvise™ Futric Fluvisnls
(saline phase} {saline phasze)

3
peymanent
20
0.2

=
[2X

s o
[
]

SwWaip



AT ~ Alluvial fans and bajadas
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ﬁxﬁ - Lomplexes of eroded residual Tand forms of Tow to moderate relief and

interspersed fan deposits.
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Ak - Coastal marcin plains
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Al - Lacustrine and fluvic - lacustrine plains
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Fin ~ Heander belts of major rivers

]
H20 ¢
1
i
i ! 3 3 !
N TS
805 F R NI HE S w o e
T T
»ﬂ;L_,-k - - —a— - - S s
NUMBER i zZ 3
FACET fiood plains and marshy deprassions levess

fow terraces
ARER (%} &0 20 20

SLOPE (%} g7 (-2 0-2
SGIL

‘g - ’ ’ * P . » E
A Eutric Fluvisols : A, Eutric Fluvisels
A Eutric Fluvisols o EButeic Fluvisels Eutric Fiuvisols

Calcaric Fluvisols’
{sa:%re rhase )

Futric Fluvisols
Am” Calearic Fiuvisals

{sa ine phase}
A tutric Fluvisels




An - Dry river channels of gentle slope with seasonal flow in most years
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Ap - Alluvial plains
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As - Seasonal swamps and marshes
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Av - Yolcano-lacustrine plains
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fw - Permanent fresh water swamps and marshes
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Ay - Small ciosed basing and depressions of the Afar triangle

filled with

aliuvium, colluvium and evaporite deposits
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Da - Sand dunes and salt encrusted sand deposits
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Ec - Evaporite pediments with associited alluvium
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£1 - Brackish playa lakes and marshes situated 1n enclosed basins or at the

inland termination of blind sireams
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Ep - Playas and salinas
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Ra ~ Hilly plains comprised of undulating niains and Jow plateaux with

a substantial nroportion of moderate to high relief nills
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Bb ~ Dissected jowland plains and low plateaux
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{1ithic phase) {lithic phase)
Re ' Lithosols Eutric Cambisols Futric Cambisols Lithosols

u
{Yithic phase) {stony phase)
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Re - Uplifted reefs
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Rd - Undulating to rolling lowland plains and low plateaux
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Eutric Nitosols Chromic tuvisols Caromic Luvisois Lithosols
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ol L . s N
" Caloic Xerosols Calcic Xerosois tithosols
- {1ithic phase}
ei? - N . . . ot
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Kerosols
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Chromic Cambisols Chromic Cambisols  Lithosols
Chromic Luvisels Chromic Luvisgls Chromic Cambisols
Gypsic Yermasols Gypsic Yarmosols Lithosols

{saline phase)} {saline phase)

futric Cambisols Lithosols
[stony phasa)

Eutric Cambisols Eutric Regosols Lithosois
{1ithic phase)

Chromic Luvisols Eutric Cambisals L 50is
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Hf - Undulating sidesiopes and piedaont
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getric Cambisols
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Orthic Seignchaks
{petrogypsic phase)
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{petrogypsic phase}

Chromic Yertisols
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Lithosals

Dystric Nitosols

Chiromic Luvisols

19 o

Caleic Cambisols
{lithic phase)

Caleic fambisals
at

{petrocaicic phase)

Camnis Argnosels
{1itnic phase;)

Lithosols

Eutric Mitesols

i"t"i(} G1a

futric Cambisols
{Iithic piasL,

S but retaining




Ay
¥
™2
A

R, - Major river gorges. canyons and escarpments
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AREA (%) 3¢ 30 20 10 ig
SLOPES [48) 30-50+ 8-1% 16-30 2-R 50+
SGIL
Ry Lithosols Futric Ca Eutric Cambisols Futric Canbisals Rock surfacs
! {stony Pith {stony phase}
fn Lithosol futric Lanbisols Eutric Cambisols Rovk surface
- fstony phase) (stony phase
Rg. Lithosols Pendzinas Eutric Cambisnie
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T%ﬁ Lithosols Futric Cambisols Futric Cambisols Eutric Cambis@ﬁs Rock surface
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+ InRyg, very steep sideslopes make up 40 percent and plateau

terraces occupy 20 percent of the unit
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Ri - High relief hilis and mountains with a suostantial gr@pariion ot
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L PRRATY SN

NUMBER 3 2 3 4
FACET hign relief hills foolslopes valleys hicb

and mountains and
ARER (%) 50 240 20 10

SLOPE (%) 30-50+ a-16 0-8 16-30

SOIL
Ri, Lithosols Eutric Reuosols
(1ithic ghase)




Rj - Minor river gorges and ravines
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FACET very steep gside siopes escarpmants goree’s bottom
AREA (%) 50 40 He
SLOPE (%) 30-50 50+ 2~8
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ij Lithoscols Rock surface Eubric Fluvisois
#3 Lithosols Rock surface Eutric Fluvisols
L I + %
9 {stony phase}
ch Lithosols Rock surface Calcaric Fiuvisols
{stony phase}
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NUMBER 1 2
FACET undulating plateaux  moderate relief hills seasonal marshe
AREA (%) 50 30 20

SLOPE (%) 2-8 1531 0-2

Rk Dystric Nitosols Dvstric Nitosols Dystric Gieysols
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Ric Chromic Luvisols Lhromic Luvisols Chromic Vertisol
{stony phase) {staony phase)



Low 5 moderate relief nil
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- Maderste to bigh relief hills
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{stony phase} {stony phase)
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{stony phase)
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‘Hithic phase) {stony phase} {1ithic phase}

{lithic
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Chromic Luvisois Yertic Luvisals Chromic Luvisols
{stony phase}
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{iithic {stony phase}
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: {stony phase)

Lithosols Lith=salg Haulic Xerosols Orthic Solonchaks
{tithic phase)

Lithosois Lithosols Chromic Cacbisols Chromic Cambisals
{iithic phasel
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tithosols Lithosols
Lithosols Futric Cambisgls
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proportion of low to moderate relief hills
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undulating plains
and Tow plateaun
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2-8

Eutric Hitosol

s

Oystric Hitosols
Eutric Nitosols
Eutric Cambisols
{stony phase)

tutric Regosols
{1ithic phase}

Hapiic Xerosols
Dystric Nitesols
Chromic Cambisels

futric Hitosols
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atcic feroscls

Euiric Cambisols
Haplic Phasozems
Cambic Arenosols

futyic Mitospis

Chromic Luvisgls

Hapiic Xergsols
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retling plains ang Jouw 1o moderate
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20 20
B-15 16-30
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Rp - Undulating fo rolling high plateaux
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NUMBER 1 2
FACET undulating plateaux  rolling plateaux
AREA (%) 60 30
SLOPE (%)} 2-8 8-16
SOIL
1 . . . ..
va Eutric Nitosols Futric Nitosois
>
Rp; Dystric Nitosols Dystric Nitosols
R Eutric Nitosols Chromic Luvisols
g
Rpc Vertic Cambisois Futric Cambisois
{stony phase) {Tithic phase}
Rp Chromic Cambisols Eutric Cambisols
Fm
{Tithic phase)

3
depressions with seasonai
drainage deficiencies
10

0-2

Chromic Veriisols
Dystric Gleyscis
VYertic Luvisols

Chromic Vertiscls

Chromic Vertisaols
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Rp, - Undulating plateaux
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FACET
AREA (%)
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1 2
undulating plateaux ilat plateaux
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28 G-7

Chromic Vertisols
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Rr - Gently sloping rises and low piateaux
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Rs - Severely dissected sidesiopes and piedmont zones
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SLOPE (%} 3050+ 8-18 16-3G 0-2
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%s; Lithosols Chrowic Luvisols Chromic Yertisols
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Lithosals Bystric Nitosols
{1ithic phase)
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tc phase)
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2 v
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{7 {tithic phase}
5.3 I . “ . . . -
Ril Lithosols Calct Caicic Cambisols Gribic Solenchaks
{pa {Vithic phase}
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* Deeply incised velleve and valley bottoms are generally paratlel to slope,

thus 4o nat show up on cross-section 1.
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Chrowic Cambisols Chromic Canbisols
Haplic ¥erosols Haplic ¥erosols
Dystric Nitosols Uystric Mitosols
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Chromic Cambisals Chromic Cambiscls
falecic Herosols Calcic ferosois
Chromic Vertisols Chromic Vertisols
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Caleic ¥erosols Caloin derosols
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Chromic Luvisols Chromic Yertisols



Rw - Rolling to hilly plateaux
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Ry~ Severely dissected plateaux with moderate rveiief hills
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AREA (%) 50 ' 40
SLape (%4} 30-50 78
SOIL

R, Chromic Cambis
¥ ¢

{1ithic phase

is Chyomic Luvisols
[stony phase)

L s ]

Rxc Lithesols PBandzinas
R
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Ry - Undulating high plateaux with a substantial proportion
of hills interspersed throughout

W

2400 ¢ : >

2200t
. Rg
+ 2000 F

p

1800 € U POV Uy O P e e
15 Km
NUMBER 1 ?
FACET undulating moderate relief hills
AREA (%) 60 a4
SLOPE (%) Z-8 16-30
SOIL
Ryi Dvstric Nitosols Dystric Nitosols
9 - - 3 7
Ry; Futric Cambisols Eutric Regosols
{stony phase) {(1ithic phase)
Ryi Chromic Luvisols Chromic Luvisols
) {stony phase} {stony phase)
A
Ry Eutric Cambisols Lithosols
‘ {stony phase)
Ryi Eutric WNitosols Chromic Luvisels
Ry Vertic Luvisols Chromic Luvisols
v/is
Ry Eutric Cambisols Lithosols
9 {stony phase)
Rym Chromic Luvisols Futric Cambisols

{Tithic phase)

+ 1In Ryi volcanic plugs instead of moderate relief hills
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Sg - Structural river gorges

HUMBER
FACEY

AREA (%)
SLOPE (%)
S0IL

bgc

Q
=9

il
2400 3

1806 -

+

' 4 kP \ a 5 /
o0 P e
j
1
} -
L Pt
20 b
i 2 3

steep sideslopes yary steepl sidesiones
aud fault scarps
50 24

16-30 30-50+

Litiwsols Lithosols

Tutric Cambisols Lithosols

{lithic phass)

moderate sidesiopes

0

g-16
Futric Cambisols
{Tithic phasa}
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Sk~ Hill and valley landforms of low to moderate relief

4-48

resulting from fold structures

19500 b - - e
Km
NUMBER 1 4
FACET Tow paralie? broad undulating
rolling hilis valieys
AREA (%) 50 40
SLOPE {%) 8-16 -8

SOIL

bkc

Eutric Cambisnis
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51 - tow to moderate relief parallel ridue and valley tonagraphe

with extensive fault sets.

NUMEER i 2 3 4

FACET sideslcopes smail péraiTe§ vatleys steep sidesliopss plateay terraces and
gentle sidesiopes

AREA [E3 50 23 10 10

SLOPE (%} §-16 (-8 16-30 2-8

30

§3 Eutric Regosols Eutric Cawbisols Lithosols Eutric Cambisols

1800

[

700 |

V0D fomm e s e

{1ithic phase)

Dystric Nitosolis

{stony phase}

bDysteic MNitosels

Helm S0

Jrihic Acrisols

{stony phase)

Oystric Hitesels

- Lithosols Orehsc Selenchaks Lithesols Orthic Solenchaks
=
ot d . : PN : . N .

510 Eutric Cambisols Eutric Cambisols Lithosols Eutric Cambisols
B {1ithic phass} {stony phase} {stony phase)
i?c Rendzinas Eutric Cambisols Rendzinas Eutric Cambisals

{Vithic phase) {stony phase} {tYithic phase}

futric Witosols

Eutric Cambisols
{1ithic phase}

Chromic Yertisols

Sutric Cambisols

Chromic Luvisols’

Eutric Cambisols
{lithic phase]

Futric Hitosols

Grihic Luvisols



Sm -~ Moderate to high relief parallel ridge and wvalley topography

associated with extensive fault sets

Eutric Cambisols
{1ithic phase} .

Lithosols
Lithosais
Orthic Acriscls
{stony phase)
Lithosels

Lithosols

titnosols

Lithosols

Lithesols

2
4

steep sidesiopes
20
16-30
Orthic Luvisols
{stony phase)

Eutric Regosclis
{Vithic phase}

Lithosols
Orthic Acrisels

Eutric Lambisols
{1ithic phase}

tithosols
Lithosols

Eutric Cambisols
{lithic phase}

Lithosols

futric Cambiscls
{}ithic phase)

Lithosols

Hapiic Xerose
8

ystric Bitosols

Eutriz Cembisols

h
(1ithic phase}

Eubtric Cambisols
{Hithic phase}

{1ithic phas

Haplic Yerosols
{1ithic phasa}

Cambisols

small paratlel valleys

-8
Eutric Hitosols
{stony phase}

Futric Cambiuols
{stony phase)}

Orthic Sonlonchaks
{stony phase}

Dystric Nitosols

Vertic Cambisols

Eutric Fiuvisols
{stony phase)

Calearic Fiuvisols
{steny phase:

Futric Gambiscls

Haplic Merosols
{stony phase]
Eutric Cambisels

Haplic Xerosols
{ctony phase)

el

plateav tery
gentle sidest

Futrie Car
{(iithic pha

!
se}
Eutric Regoseis
{1ithic phase)

Dystric Nitosois

Eutric Cambisols

Haplic Xeres
{stony phase

Orihic tuviscls

Haplic Rerosois
{stony phase
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i Km
NUMBER 1 z 3
FACET plateaux fault scarps horst crests
AREA (%) 70/50 20730 10/20
SLOPE {%) 2~8 5O+ 2-8
SOIL
i .o . - . A .
Spy Yertic Cambiscls Rock surface tutric Cambi
{stony phas
o
Fl . N - - e~ - N i
Spy Yertic Cambisols Rock Surface Eutric Cambi
{stony phase) {stony phas



S¢ - Linear ridges with wide intervening parailei v
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2200+ 3 3
1800
MUMBER 1
FACET ridge sidesiopes
ARER (%) 50
SLOPE (%) 1630

SOIL

-
qu

Chromic Luvisols

[

broad parailel valleys

")

3
S

crests
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3 - Step feulted plain and low plateasu compleses of the Ethiopianp rifl with
numberous fault scarps, sags and associated venis, craters and other velcanic remnants
2 2 ;
3 3 E
4 A
PO wmmm e ¢ o e e i - . . e e . - s
1% Km
N - - s - 7 oS
HUMBER } z 3 & &
FACET undulating plains calders rims and fault scarps permanent marsh ratiin
and caldera floors yoicanic cones and piugs aud yevy steep
sidesiopes
ARER{Z) 30 30 20 10
SLOPE {3} Z2-8 16-30 3(G-50+ -2 -
S0IL

Ss Heilic BAndosols fturic Cambisols Lithosols n.a Potiic Aanag
¥ {Tithic phase]
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34~ Intensively faulted lava platforms of the Afar lawlands

~

L '

15 KM
HUMBER i ? 3 E
FACET benches and valley moderate siopes steep siopes very stgep siopes
bottoms and Tault scarps

AREA {%} 40 24 20 20
SLOPE (%) 2-8 §-16 16-30 30-50+¢
SOIL
Sué Eutric Cambispis Eutric faabisols Lithosols kock outerop

{stony phase) {1ithic phase} Lithosols Rock outcrop
e L

Suy, Orthic¢ Selonchaks Lithpsols



Sx =~ Severely dissected rift mergins and fault
m
2100+
.2 2 5
nﬂ«,o. - ‘ .
19001 gt — {./-\f “'“““z |
s
FOO%— \\\f')
|
i
H
L [T - . -
20 Hm
NUMBER 1 2
FACET steep cut stream channels plateau remnants

AREA (%)
SLOPE(%)
SOIL

SX
2Ry

and escarpments
60
50+

Lithosols

Eutric Cambisois

gwqu

| P
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Sy - Intensively faulted lava fields and platforms of the Afar lTowlands.
characterized by long linear fault scarps numberous plateaux horsts

and associated grabens Tilied with alluvium. colluvium and evaporite

deposits.
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HUMBER 1

FACET tava platforms and
horst crestis

AREA (%) 50

SLOPE (% 2-8

SOIL

Syv Lithosols

D K

z

grabens

g
~8

[N

Orthic Selonchaks

3

fault scarps

G e

{petrogypsic phase)

0
0

e
¥

Rock autcrop
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-
Ya - Afro-alpine plateau summits associated with extinct central

volcanoes of dramatic mountainous relief

m
4iGO ¢
2 3 2 r 5 g
o fm——— o e e T gt T
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3300 F
800 b o -
7TOKm
NUMBER 1 d 3
FACET rolling siopes unauiating sliopes alpine begs
ARER (%) 50 40 10
SLOPE (%) 8-186 2-8 4-2

S07L
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Futric Cambisols

Oystric Histosols
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YERMOSOLS

FAG classification

Yermosols are soils ccer an aridic moisture regime;
having a very wesk ochri horizon and one oy more of the
v o

following: & ¢ ie 3rbillic B horizon, a

gypsle horizon; lacking nostlc charvacteristics which
are diagnostic for Vertiscls, lmck‘wg high salinity:; lacking
permafrost within 200 ; surface.

Haplic Yermosols are Yermosols having no disgnostic hovizons
other than a very weak 4 horizon and a cambic B horizon; lacki
takyric features.

Calcic Yermosols are Yermosols having a caleic horizon within
125 cm of the surface {the depth reguiremsnt veries with the
welghted = rerage of the textural class):; lacking an argilliiec B
horizon overlying the calci~ horizon; lsacking takyric feslures

Gypsic Yermosols are ing & gypeic horizon within
125 cm of the surfao requirement variss with the
Welghtﬂd average of lass): lacking en argililic B
horizon overlving the gvpsic horvizon: lacking takyric features

uvie Yermosols ergillic B horizon; &
caleic or a gvp t if underliying the B

horizon, lacking

Takyric Yermosols are Yermosols showing taekyric festures.

General environment

Yermosols cover approximately 3% of Ethiopia, and ave
thought to occur almost exclusively on the evaporite landforms
of southern Harerge and southern Bale. They occur on the

a
flatter iand, giving way to Lithesols as slope angles increase.

y a more extreme version of

ermnSoLs AFe essentia

%

Xerosols and should occcur in

arid and

semi-arid enviy
very weak ochr

& norizon of




iand use and natu

A wvery weak ochric &
mather with z weights
in the surfaece 40 cm
this depth is 1 or 1
if the weighted zand

3

i
sand/clay ratio is 13 or mors; for inﬁe;ne

auu,ulgy rsﬁias
the organic matter content is intermediate. Waen hard rock, a
petrocaleic horizon, a pebtrogypsic horizon or a duripan occur
between 18 and B0 cm, the contents of organic mabter mentioned
above are respectively less Tthan 1.2 &1& .6 percent in the
surface 18 cm of the soil

~

2

o

A weak ochric A horizon has a conbant of organic matter which
is intermediate ietWee that Y horison
=3 i £

e
i the very weak ochric &
.;

nd that reguire

gcauss accurate laboratory data 15 reouired to make this
distinction and because such is not available for the arid areas
o

£ P dafe S RE o ot g o E g oy o 4o - - A S
of Eihio Yormosc s and Xerosols on the

Geomorphology and Soils Map of Ethiopis is rather arbé%rawyﬂ With
3

mes of under

%
b3
cnbe
o
mdy
iy
s
treed
4 f.x

gvidence that on the flatier
i

200 mm oannuatly organic matier contents of the A Mﬁfvz«r can reach

b A Y W oo 5% J— ~TF e papmwee A o R .
1,57 (see section 5.15.2) Yermosols were assigned to those Tandforms
and geclogical envivonments within very Tow rainfall regimes where

.3':
argely due to salinity.

Characteristics

w5 b o+ P s o, 0 conT e b PP AP 1 o g o
51 tar to Xerosols, Yermosols have medium fo coarse tex ture,
.4;,

weak structure, high pH, low organic matier and accumulations of

i

ety
iaCﬁ, nd CaS, . As Yermotols occur %awg&%y o1 eva&ori%&ag they
re }LSJ chemical

very freguently saline.

of

Y ey bl g B o b L 3o e e f prg i g o P Ty & od s 2 gt e s g
TEYMOS0s in LIhopia are almost exciusively under scattered

- ,L : P Y TP S [T - S B T [ g
natural vegetation and used for aomadic livestock grazing.
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Ry

Management

PO, S ——

Q)

Yermosols suifer the potential Timits to agriculture of
Xeroseis, howsver these Timits tend fo occur wmore frequently
movre extreme. Peirooypsic horizons, sha
coarse textures and/or ve

ot

v low organic matier conients are almost

universal in Yermosols in Ethiopia.

Jccurence

OFf the five types of Yermosols defined above, it is not
impossible that all occur in Ethiopia. However, Gypsic Yermosols.
very frequently with saline, 1ithic and petrogypsic phases, are the

most comman.

Profile descriptions

Gypsic Yermosol {saline pnase}, lower Wabi Shebele

0y

This soil oocurs in associat

ﬁ,?
e pes)
Cx
oo
&
£
z
ot
G
c
&

in section 5.3. 5.7 and in association with the

two, neither as shallow

as the Lithosols of the sieeper siopes nor as saline as the Solonchaks

5
af the flattest land.

Not only Tow rainfall, but also surface satinily which
reduces vegetative cover to a minimum is responsible for the very

weak ochric A horizon.

Source: WABI SHEBELE

derived

"
}.»
5
o

Tithic Scils with 4iffuse calceium sulphate on shallow

Pl bl ke et +

from the main gypsum formation.
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Characteristics

Nitosols are cla
an argillic B horizon, without
The soils are deep, have a stab u
blocky structure, shiny ped surfaces and are very DOrous.
They have a high moisiure storage capaci

t
voiume. The clay is mainly kaolinitic, but there are still

@

some weatherable minerals in the soil.

Oystric and Humic Mitosols have & low base sa
the Tatter having a high organic matter content in The A

and/or B horjzon, Eutric Nitosols have a high base saturation.

Y o - Bete s o -, E o P o P70 B P ~
Nitosois are intensely cultivated for annual as well as for
;’}e}ne:ﬁni"? P ara¥ e T e LT, and 1 the Choyrkbor %«-& e Yol

L f ai Creps., COUNT Jima and in one Lnegriner aignignas

these soils

forest, tree savanna ov open savanna, depending on

of precipitation and human influence.

Management

Physically they zre porous, well drained, have a stabie
structure and a high walter storage capacity. Workabiiity
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Chemically these soils have a rather low CEC for their

clay content and available phosphorus are very low,

<

Dystric and Humic Nitosols are excellent coffee growing

soils, although fertilizers have to be applied.

Occurence

the azbove mentioned Nitosols occur in Ethiopia.
3

mainiy occur in the central and eastern

highlands: Dystric and Humic Nitcols occur in areas with
high precipitation, the Tatter mainly under natural vegetation

e descrpticns

aimost classify as Humic Acrisels. Due te this rather light
texture, these soils are very eyodable; also land preparation

can cause compaction of the topsoil.

Source: LUPRD

Trofile no:
Ciasasificatior
Authors:
Locaticon:
Zlevation
Prysicgripalic
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Surrounding country:
Microtopography:
Slope:

Vegetation:

Irformation on the soil:
Parent material: basalt
U

Bun of'f: medium
Permeability: moderate
Internsl drainage: medium
Depth of ground watsr: {

Moisture condition:
Stoniness and rock-
Suterop: nene
Profile description:
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5.18.3 Characteristics
Acrisols have a distinct argililic B horizon and a

base saturation of less than 50 percent. They have a reddish
brown to red colour and a well developed structure. pH is low.
Acrisols are very porous.

5.18.4 Land use and natural vegetation

Acrisols are moderately suited for agriculture Partly
they are cultivated, partly they are left under natural
vegetation for grazing purposes.

5.18.5 Management
Acrisols have good physical characteristics. They
have a well developed siructure and are porous. When they
have a light textured topsoil, problems due to cultivation

may arise as compaction and erosion increase under intensive use.

Chemicatly Acrisols are poor soils. CEC is low, base
saturation is low, pH is Tow and available phosphorus contents
are very low. Humic Acrisals, mainly occuring in the high-
tands, have a spomewhat better chemical behaviour.

5.18.6 Occurence
Humic Acriscis are dominantly found in the highlands,
Orthic Acrisols occur elsewhere. Ferric, Plinthic and
Gleyic Acrisols are not rveported to occcur in Ethiopia.

5.18.7 Profile description

5.18.7.1 Humic Acrisol, Anno

This profiie is taken from the western highlands,
Although the topsoil is not very light in téxture and the

area not very sioping, gullies are develioping.
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B Laboratory data
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LUVISOLS

-AU classification

Luvisols are soils having an argillic horizon which has

5 base saburation of S0 percent or wmore (by Xeram} gt least
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Orthic Luvisols are Luvisols having an argillic B horizon
which 18 not strong hrown to red: lacking an slbic T horizon;
lacking a caleic howizon, a gypsie horizon and concentrations
of soft powdery lime within 125 em  of the surface; lacking
ferric and vertic proper ries: lacking olinthite within 125 em
of the surface; lacking hydromorphic properties within S0 cm
of the surface.
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AY Iy ¥ bt T T amia W S er e i ;
é%ﬁggwggyiggi: are Luvisols having an albic E horizon;
lacking plintrite within 123 cm of the surface; lacking
hydromorphic properties within SO om of the surface.

Pllﬂthl? uuvz)ols are Luvisols having plinthite within
S5

Cleyic Luvisols Luvisols having hydromorphic properties
T TS = e - . o .7 -
within 50 cm of surface: lacking plinthite within 125 om

of the surface.

General envivonment

Luvisols occur throughout the country where climatic
conditions are favourable for clay movement, without having
strong leaching characteristics. These conditions are met in
areas with a pronounced wet and a pronounced dry season.

Luvisels do nol occur in the arid and desert areas of
northern Eritres,
gceur in the wet are the west and in the areas with higher

rainfall in Gonder a

In the central and eastern highlands Luvisols are
associated with Eutric Nitosols: the latter occuring on the
retatively flat areas, the Luvisols on the steeper slopes. In

11y the northern hichlands and in the

the drier areas, especially
southern lowlands, Luvisols are associated with Cambisols: the

e

Luvisols occuring on the flatter land.

Characteristics

Luvisels are soils having a distinct argiliic € horizon
and a base saturation of 50 pey it
4

soils have good chemical conditi

riancgle and the Ocgaden. Nor do they
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—

S8

(9

and they have weatherable minerals. Physically, these soils
vary widely. In soils with a heavy textured B horizon,
permeability may be restricted and root development impedad.
VYertic Luvisols tend to behave Tike Vertisols

In the central and esastern highlands, Luvisels occur on
steep slopes and are often stony.

Land use and natural vegetation

Luvisols are almost axasusive?; sively cultivated.
Only on the very steep slopes in are
population, the stony Luvisolis are u

razing, while the flatier land ig being
g

the fiat areas, often in depressicns, with water Togging condit-
ions during the rainy season, are dominantly used for grazing.

Management

Luvisals are pest agricultural &nd i the

ropics.  Limiting factors for agriculture can be stoniness

ol bt

and steep siopes. atter case, these soilis need
terracing to prevent severe erosion. Permeability, drainage

and workability can be & problem in the heavy textursd Luvisols

Docurence

Plinthic, Albic and Ferric Luvisols are not reported in
B

Ethiopia. Calcic Luvicsols can occur in the semi-arid regions.

%

Orthic Luvisols mostly occur arcund Lake Tanma, they have stony
o

phases. Chromic, VYertic and Gleyic Luvisols occur ‘n the
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northern-, central - and eastern highlands and in the soutern
Towtands, the Vertic and especially the Gleyic Luvisols mainiy

occuring an flat land.

Profile descriptions

Chromic Luvisel, Humers

This profile was kilometers east-northeast

of Adabai. It is typical for the somewhat high, isolated

14

convex arzas in the Vertisol plain. The soils are developed

in granite material.

v 570 ot 650 mm which nearly

et

The annual rainfall ranges

14 3

ail falls from May throuoh Sentember,
' o) I

Source: HUMERA
Tabeldi series - Deep, dark reddish brown solils with an argillic

Tabeldl scils occur on level Lo somevwhat convex positions
{pediments) in vesidual deposits. They are deep and have a dark
reddish brown color Their B horizon is charscterized by clay
secumuiatlion. Seils are neubtral to slightly scid and non~
calearenus The surface horizon is hard and massive when dry.

Profile no:
Soil name:
Classification:
Location:

Flevation:
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94-130 em. C

130-200 em. R

Moist colars of the
browa to dark red.
& horizon
A horizon
typlcally

are sandy 1

Characteristic B2
may
quite warisble

nay range Irom neutrs

Laboratory data

Texture (%, mn)
2-3.2
0.2-0.5
0.5-0.02
C.02-0.00z

pH {(Hy0,1:5)

Caﬁo,2

BC (Awhos/cm,sat.ex)

Excheangeable cations
{me/100z)
Ca
Mg
K
e
sy
CEC {me/100
Base saturation {
Soluble cations
(me /100 g, 1:5)
Ca,
Mg
K
Ka
sum

53,

)

are below {
mand
massive and aard or very hard when dry.

that cemented hori

arge angular g
¥ weathered.

.
-
“

zon of small
anite gravel,

Strongly weathered granite bedrock.

percent

4 PN I
TO B5L180

ks

“

&

Yt

B 0 O O L) O

&

VAR S R I

o
[

OOOoO
-l 00D Y\) Lo

¢

3

saady

cclors are dark redd
range from saruy clay to Vdndv

. Dominant
ciay loam,

2 At

horizon mgy range from dark reddish
> matbter content values of the
Jexturec of

the
Structure 1s

iah brown, the texture
clay lcam. The C horizon is
and depth. Soil reasction
ltly acid.
Depth {cm)
16-30 30-45 L5-94
ok L9 13
23 45 12
22 L2 iz
25 34 13
7Lk 7,3 7.5
T 0,01 0.0k
0.1 0.1 0.3
10.3 12.4 17.2
5.1 5.0 7.5
0.1 0.2 5.2
0.1 0.1 0.1
15.5 8.1 2L.9
~y < ol
17.4 20.7 20.3
8o 87 95
0.3 G2 0.2
(DI ] C.1 0.1
tr tr Ty
G.1 0.2 g.1
0.2 0.5 0.5
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sand to sandy loam texbure. Resistant cores of dolerite or
basalt are common. Solid rock occeurs at below 100 cm. The
s0ils are non-calcarecus, and porcus, especially in the
surface, where the roots are concentrated. Some roots
penetrate the weathered subsoil.
Analytical Charscteristics: The soils are slightly aeiﬁ %o
slightly alksiine, with 'ary nigh base saturation. FExchangeable
caleiuwm is high to very high, and magnesium medium to very
high., Sodium is somevimes mediuwn in the topsoll. Soluble

N 5 a1

Land Capability stivs: Romanat soils usually occur
s t ich Suii’ﬁ +o cultivation with
some sites ave too steep
retained under profectiv

e

generally moderately deep

Sh0u¢d provide & reascnable
raotzng mediuvm. apidl
pwobablﬂ due to d t
special cultivat
that maximum ral
soils are suited
I or II1).

Associsbed Soils: The Romanat soils occcur on the upper

plateaux in dolerite areas and slso locally oun the lower pediment
in association scils, which lack the fine textured B horizon snd
probably represent s Lruncated version of Romanat Series. On
adjacent steep slopes are soils which are very shallow Lithosols
over solid dolerites.

Informstion on the site:
Profile no.:
Soil nanpe:

Author: ¥.J. ¥
Location: 15 xwm NW Mekele, Tigray
sel e-Hagere Belsm 0ld4 Road
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