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ARSTRACT

This work is aboubt Lhe wuse of anrial photographs in
identifying and mapping land degradation in the Kubanni basin
of Zaria. Aerial photographs of the panchromatic (black and
white) ty[;c ak Lthe scales 1:40,000 to 1:15,000 were used,
including some Lopographic and geological maps of the <tudy
area. These photo series were those Ltaken between 1965 and
1980. Analysis of these photos were based on the techniques of
photogrammetry and photo-interpratation.

The aerial photographs wohyoe intorpreted by Lhe uze of
some photogrammetry tools which included pocket and mirror
stereoscapes, Parallax Bar, Levels, transperent papers,
pens and penciles, and rularcs. The map interpretation was done
in Lhe laboratory, whoere meveral pholtographs were analized and
compeared for verification one Lo Lhe other. A brief field
checks was carried out in order Lo update the interpretation
an o well as voerifyiong cocbain featdres ol the Lerrain. Tho
final maps (land degradabion and THMUS), were drawn from Lhe
photo-mosaics established from interpreted photo-=tereograms.
Analysis centred on =ome terrain mapping attributes, including
morphology, <lopes, drainage and surface cover characteris-
tics. These terrain attributes formed key elements influencing
processes of land degradation. Land dagradation types were
identified and mapped through Lheir photo characteristics such

as tone, pattern, texture, molbting, shape, size, shadow, sitle,
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and situation.

These land degradation were found to be of complex
erosion forms and including gullies, rills, sheet wash, debris
falls, slumps, erosional scarpz, and badland feabures. Tt ia
one’s view Lthat the origin of land degradation in the bacin
can be attributed to increased human activities such as
agricultural and construction work, not to overemphasise other

factorz that are hydroclimatical in nature.
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CHAPTER 1

BACKGROUND

1.1 INTRODUCTION

This xresearch is about the application of aerial
photographs in identifying and mapping the nature and types of
land degradation in the Kubanni basin Samaru-Zaria, Nigeria.

Nowadays there is the feeling that land is increasingly
being degraded. Conferences such as the 1992 Earth Summit at
Rio-de Jainairo (Brazil) and scholars have accumulated tons of
literature, centred on deforestation, soil erosion, flooding
and desertification (Sceter, 1833).

Land degradation is wused here to mean "the general
lowering of the surface of the land through erosive processes
by running water and wind. The removal of vegetation cover
through human socio-economic activities are seen as factors
that intensify land degradation {(Robert, et al, 1984). Thus,
the process is a combined function of man, animal, nature of
hydrological factors (1.e. the interactions  between
meteorological characteristics and ecologically unbalanced
human actions, Joachim, 1993). Land degradation develops in
various ways ranging from sudden to gradual removal of
vegetatioﬁ cover by man and animal 1life manifesting in
combined geomorphic processes, slope instability, dissection

by running water and exhaustion of the soil.
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There is hardly any region in the world where land is not
suffering from degradation. The degree and repercussions of
land deagradation may vary spatially. In order to make
consented efforts to combat its menace, the United Natien
Education, Scientific and Cultural Organization (UNESCO) and
the International Institute for Aerogpace Surveys and Earth
Sciences ({ITC - Netherlands) in 1993 embarked on a joint
programme which uses GCeo-Information Systems (GISs} for
environmentally Sound Management of natural resources first in
the Andean environment., Also, many agencies such ag the
Institute Geographic Augustine Codezzi IGAC-Bogota and
countries like Italy, Venezuela and Bangladesh have adopted
the programme strategies (the UNESCO-ITC programme of 1993)
for the study, mapping and documentation of land degradation
and envirconmental hazards moniteoring (Rangers and Robert,
1993). These are commendable first steps for redressing

environmental degradation.

1.2 STATEMENT QF THE PROBLEM

Literature is full of traditional methods of studying,
mapping and assessing various types and degree of land
degradation. Practically all of them involve being in contact
with the field, ourveying, mapping, levelling and measuring
using conventional survey instruments and cguipment. For
example, Ologe (1972); Bello (1973}, worked within the upper

Kubanni "bkasin identifying and mapping gully ercsion and
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erosional scarps using measuring equipments such as tapes,
Levels, ranging poles and others. Their studies are limited in
areal extent because (i) there is a limit to how much time can
be spent in covering every square meter of a basin if one is
working on a G-Scale lower than 8, (ii) it is laborious and
painstaking and (iii) the amount of financial resources and
manpower required are enormous. However, with Geo-information
gystems (GIS) and other advances in earth mapping technology,
such as the use of Landsat Imagery, it is possible to have
access to information on the nature of the areas that cannot
be reached easily. This is the focus of the present study,
that is the application of remote sensing(RS) in identifying

and mapping types of land degradation in the Kubanni basin.

1.3 AIM
The aim of the study is to apply aerial photographic
Remote Sensing technology to identify and map different types
of land degradation in the Kubanni basin.
1.4 QOBJECTIVES
The objectives of the study are to:

1. -identify and classify types of land degradation in

the Kubanni basin using aerial photographs;

2. prepare Terrain Mapping Units (TMUs) and describe
the evolutionary characteristics of the physical

terrain in the basin.
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3, prepare spatial distribution map of the types of
land degradation recognised in (1) above; including

-areag susceptible to degradation,

1.5 JUSTIFICATION FOR THE STUDY

Land degradation, especially by zrun-off and mass
movement, is a major threat to settlements, rcoads development
and agricultural land management and conservation in Nigeria,
particularly within the Kubannli basin of the Samaru-Zaria
region. The severe soil erosion and flowslides here is the
inevitable results of a combination of complex factors ranging
from nature of relicef especially slope characteristics, hydro-
metecorological to soil charactceristics (Ologe, 1972; Bellc,ﬂ
1973; Thorp, 1971)}. Changes in land use in the recent past
have certainly intensified processes of degradation that were
already set in motion (Smith, 1970}. Smith demonstrated that
man has exercised gtrong influence over Lhe vegetalkion cover
characteristics in the recent past in the Kubanni, through
deforestation, bush fires, over-grazing and fire-wood felling.
Indeed, recent changes in land use practices involving
increased mechanization and field sizes appear to have had
considerable impact in some areas more than in others
especially in the traditional forms of human subsistence
farming. The continuocus loss of crops during high flcod to
surface runoff in the rainy season (especially during the 1988

rainy season), and the increasing slope instability Jjustifies
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the need for further studies in the basin. In this study the
application of RS technigues is expected to provide detailed
and present state of features of the terrain, their spatial
digtribution and agssessments of the nature of land degradation
in the bagin. Aerial extent of most geomorphic proccsses are
better assessed on imagery than on field measurements alone,
hence the need for the application of RS technigues whenever
and wherever possible (Kyari, 1994).

Many goil conscervation projects need maps indicating
areas of different severity of s0il ercosion. Such maps will
help in determining areas for priority attention and/or
treatments of land or environmental degradation. This is what

the present study hopes to provide as already stated in

objective (3) above.

1.6 REMOTE SENSING(RS) AND GECGRAPHIC INFORMATION SYSTEMS

{(GISs) IN LAND DEGRADATION

This section describes in brief the link between Remote
Sensing and Geographic Informaticon S8Systems (GIS) and their
uses for land degradation studies.

Remote Sensing (RS) can be defined as the collection of
information about an object by a recording device that is not
in physical contact with it (Robert L. et al, 1984). The term
ig strictly used to mean methods that record reflected or
radiatcd —elcctromagnetic enerqay. The technique employs

devices such as cameras, infrared (IR) detectors, microwave
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frequency receivers, and radar systems. Any of these pieces
of equipment is able to code information about large areas and
store in a way that it can be retrieved later. Hence the
phase remote sensing. Imagery of cobjects can be decoded to
obtain various kinds of information that can be use to provide
maps of different subjects.

Among the different techniques of RS in use, aerial
photographs are preferred and employed in this study. Other
techniques such as Landsat, radar and SPOT imageries could
have been used for comparison purpose but are limited for this
present study. Detailed discussions of the advantages of
aerial photograph technique over others are given in chapter
4. It is suffice to say that it has high resolution and
geometric gualities for guantitative analysis in the study of
land degradation and mapping. There is also the added
advantage that aerial photography can be flown at any desired
scale to suit specific requirements, making them advantageous
in specific aubject matter. It should be noted that reliable
identification of cultural [ecatures as well as natural
phenomena, requires a ground resolution of 2 to 3 m per
pixel. If these features are to be derived from sensor data,
the pixel size should be in the order of 1 to 2m. Conversely,
this is what makes it impossible for many erosion features to
be identified from imagery of present day electro-optical
sensors, including SPOT (Naithani, 1990). Besides, where high-

performance cameras with (FMC) devices are used mapping of
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individual features and other details are enhanced because of
the use of lower gensitivity films.

Table 1.1 illustrates the minimum Ground Cell Resolution
of the different types of imageries produced by different
sensor devices. Indeed the aerial photography, especially
those of panchromatic (black/white) films, stands out as a
better alternative to any other. For example, for a Landsat
(MS58) imagery to be detected it requires a ground resolution
cell (GRC) of at lecast 320 meters. On TM Landsat the GRC
needed is at least 120m to detect an object. While SPOT (XS)
have GRC OF 80m; SPOT (Pan) will need a GRC of about 40m; but
on an aerial photo (AP) at the scale 1:100,000 only a GRS of
40m is needed.

G.1.S. can defined as any manual or computer-based
device(s) and procedures used to store, retrieve and
manipulate geographically referenced data (Aronoff, 1993).
The system involves large data input, management (storage and
retrieval), manipulation/analysis; and output in different
ways. However, a computer-based CIS is a powerful tool for
handling large volume of data in digital format that may not
otherwige be possible. Besides, it aids easy retrieval and
data may be analysed and manipulated for display in one piece
at greater speeds and lower cost than any other manually
operated geographic information. In this study it is not
possible to use computer-based GIS for lack of equipment and

limited finances. Surely application of computer based GIS in



land degradation mapping is enormous ranging from the
possibility of super-imposition of a set of factors maps on
others and to analyze them in combination with a type of land
degradation occurrence map. Also, the combination of maps
(map crossing) enables the earth scientist to evaluate the
spatial variability of the natural environment and to
extrapolate the critical combination of factors found in the
analytical phase. Complex computation techniques, necessary
in the map crossing of several factor maps and for table
calculations, are feasible by the use of a mathematical co-
processor. GIS cnables the rapid preparation of table
showing the area cof different factor combinations. Even where
most of the available parameter maps are not of the same
scale, information or maps to be overlaid can be matched
regardless of their original scale by simple manipulations.
However it may require statistical analysis of large
quantities of variable and algorithmic complexities.

In this study all procedure for data manipulation,
gstorage, and retrieval are done manually. Aerial photographs
would be analysed using simple tools such as stereoscopes,
parallax  bar, rulers, pencils and tracing papers.
Interpretations and mapping would be based on manual tracing

out of identified attributes/features of land.
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Table 1. 1: Table vith the minimum sizes of objscts to he detectad, recomized and identified €ar yaricus condition of contrast with
their background in varicus types of imagery. Values should only be used as an indication 0f the corder of magnmitude

i e O - A i e S i, W o e i e s i

Landsat Landsat Spot ¥8 Spot Pan AP.v) AP ») A.F. %) AP.%)
MSE ™ 1;100 000 L;50 000  1;2% 000 1;19 000
GROUND RESOLOUTION CELL SIZE aom i0m 20m 10m im 0.52 0.25m G.1m
HIGH CONTRAST Detsction 120 L20m som 40m in 2z ) 0.4x
Faature
Background Recognition So0m 2lom 140m Tom im 3.5m i1.8e ¢.1n
identification S00m 300m 200m 100m 10m m .50 in
LoM CONTRAST Detection 1800m H500m 400m 200m 20m i0m 5m »
Faature
Background Fecognition 2400m 900m sodm a0om 30s i5e 7.5m In
Identification 3100w 1200m 800w 400m a0m 20m 10m in

*} Hithout Forvard Movemsnt Correction.

{After Rangers ot al., 19%32)
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degradation. This is discussed in detail in chapter 5.
Suffice iE to say here, that stereo-pair photographs would be
interpreted on tracing papers and thereby photo-mosaics are
constructed and from which the final maps are drawn.

An attempt is made to perform a manual map crossing of
the land use types and deqradation types/Terrain Units (TMU).
This is achieved by first carrying out detailed
interpretation/mepping of the individual attribute maps on
tracing paper thereafter they are laid upon one another for

final mapping.

1.7 SOME DEFINITIONS

Some terms are used here with specific meanings,
different from the way they are conventionally used. Hence,
it is necessary to define them as used in this study.

1; Aerial photograph {air photo): A photograph of parts of
the earths’ surface taken from the air. It is usually
taken from a moving air-craft in a systematic pattern and
at a desired attitude. A mosaic of such air photos is
often made and used for mapping land divisions and
physical attributes e.g. geoleogy, soil, vegetation,
topography of the area;

2. Brightness and Contrast: Brightness (as applied to
remote sensing) refers to attribute of sensation by which
an observer is aware of differences of luminance; and

contrast refers to the ratio of two adjacent scene
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11
radiances expressed as a number equal to or greater than
one;
Contrast Ratio: On an image, the proportion of
reflectance of the brightness to darkest parts of the
images;
Digitization: Process of converting an analog display
into a digital display;
Digitizer: Device for scanning an analog image and
converting it into numerical format;
Digital Terrain Model (DTM): are data commonly provided
in a grid format in which an elevation value is stored
for each of a set of regularly spaced positions. Each
datum point represents the elevation of the grid cell in
which it is located;
Geographic Information System (GIS): are computer-based
systems that are used to store and manipulate and
retrieve geographic information;
Imagery: a visual representation of energy recorded by
remolle gsensing instrument;
Landsat: an unmanned earth-orbiting NASA satellite that
transmits multispectral images in the 0.4 to 1.1 um
region to the earth receiving staticns. It was formally
called Barth Resource Technology Satellite (ERTS);
Map Crossing: A process (mostly computer-based) for
overlaying two or more maps of different factors, in

order tec calculate or derive new values or units for some
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specific purposes;
Multispectral Scanner (MSS): an instrument (sensor) used
to obtain imagery from different portions of the
electromagnetic spectrum;
Panchromatic (f£ilm): black and white £film that is
senaitive to all visible wavelengths.
Pixel: A picture element having both spatial and
spectral aspects;
Resolution: the ability of a remote sensing system to
distinguish signals that are close to each other
spatially, temporally, or spectrally. It refers to the
pixel diameter (pixel diameter is the equivalent pixel
gize);
Sensor: device that receives electromagnetic radiation
and converts it into a signal that can be recorded and
displayed as either numerical data or an image;
Terrain: the character of a tract or region of the
earths surface.
Terrain Mapping Unit (TMU): unit of a tract or region
with similar characteristics such as slope, drainage and
geomorphic condition. They are defined as units of land
on the basis of geomorphologic origin and physiographic
characteristics, lithology, morphometry and soil that can
be verified on the ground (Meijerink, 1988). The TMU
approach allows the identification of wunits with

gimilar terrain conditions that result from the inter-
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relationships between geology, landform and soil with
unnlimited number of legends of conventional thematic map.
Quantitative, parametric or statistical description of
relief, drainage, and slopes are also incorporated. On
stereo aerial photographs TMU is differentiated on the
basis of the following: geomorphic origin (genesis and
process), spcecific origin within the main origin,
lithology: morphometry (internal relief, valley density,

slope foxms, length, stecpness); sub-units.

1.8 PHQTO-TERRAIN CHARACTERISTICS:

The following set of definitions relates to some special
characteristics of the terrain which a photo-interpreter would
need ta be familiar with on photographic images. These have
been used in chapter 5 and need to be emphasized. These photo
characteristics are tone, pattern, texture, mottling, shape,
size, shadow, (topographic) site, and situation (gecgraphic
site}). A systematic study of the these characteristics will

help the photo-interpreter in his classification.

1.8.1 TONE: Lthe black-to-white range of a panchromatic
photograph. pifferent prints of one photograph are not
necessary equal in tconal density. Several phenomena are

defined by their typical tone (e.g. a pinc forest is black, a
meadow medium grey, unvegetated dry sand deposit white, etc.).

Reflection of sun may cause a body of water to appear white on
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one photo, whereas on another photo-where there 1is no
reflection-it appears black. Within one photo, tonal
differences may occur because of random loss of light, hot-

spot effects, etc.

1.8.2. PATTERN: the spatial arrangement of the various
features in a repeated sequence and/or in a characteristic
order within the interpreted area. Trees in a cultivated
landscape may disgplay a pattern (e.g. a forest reserve
plantation in lines). The arrangement of wvegetation in a
natural landscape may indicate geomorphic conditions and
features. Pure geomorphic forms may also bc associated with
a pattern (e.g. a sand degert with longitudinal dunes). Also
drainage can be clasaified according to certain patterns (e.g.
dendritic, parallel, etc.). Man-made [eatures often display
a pattern (e.g. buildings are often rectangular and streets in
lines).

1.8.3. MOTTLING: a covering of spots which may be of darker
or lighter tone than the main surface; they appear in an
irregular pattern and are of irregular shape and size. Thin
eclian sand deposits frequently display a mottled photo image.
Sheetwash also may have a mottled appearance.

1.8.4. TEXTURE: the product of an aggregate of uniform
features which are too small to be c¢learly discerned
individually; texture is depicted as repetitions of tonal

changes. Large trees appear coarse. The photo-scale affects
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texture (e.g. small scales reveal finer texture). Texture
differences are often indicative of the vegetation and edaphic
differences which are the distinguishing attributes among

geomorphic units.

1.8.5. SHAPE: form or topographic expresgion as obgerved in
a two-dimensional photo-image. The photo-interpreter should
become accustomed to identifying features by their shapes in
an aerial photograph phencmena that he is already familiar
with in the field. Road types can be clagsified by width and
culturc. Shapes alone do nhot provide sufficicnt information
for the identification of all objects.

1.8.6. S8IZE: the volume dimension of an object as observed
in a threc-dimensional photo-image. Knowing the dimensions of
an object, alone, is not always enough for classification.
Comparison with other known objects enables the interpreter to
gauge or measurc volume. Also understanding photo-scale is
very important in size analysis. Note that near the edges of
air-photoy, displacements cauged by tilt, relief and lens
distortions may lead to an incorrect interpretation.

1.8.7 SHADOW: obscurity within the area or space from which

direct rays from a light source (normally the sun) are

excluded by an intevrposed opaque body; 1i.e. terrain
obstruction. Shadow can obscure important phenomena which
thus cannot be interpreted. Shadow facilitates three

dimensiocnal perceptioen. The becst slLereo view are obtained
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when the shadows fall towards the observer. When they are
not, the observer may have the impression of relief reversal.
Shadow makes it possible to analyze the height of an object.
The position of objects casting shadows in relation to the
principal point of an aerial photograph is an important
consideration. Because of radial displacement, the objects
themselves can obscure their own shadow.

1.8 8. SITE (TOPOGRAPHIC): the position of a place with
reference to the sgurrounding district or locality. In
practice, it is the smallest unit in a system of morphologic
regions influenced by a number of "site factors”. In
principle, the highest point of a given terrain receives more
precipitation and is colder than the surrounding area. Hence
height differences can result in differences in the morphcology
of the terrain, not only by causing differences in vegetation,
but also by producing differences in processes which are
reflected in different landform. It must be noted also that
differences in slope steepness influence (slope) processes as
well as land use. Slopes exposed to the prevailing winds are
different from those on the lee-ward side.

1.8.9. SITUATION (GEOGRAPHIC) : the place, position or
location of an arca or region in relation to its surroundings.
Zonal circumstances affect the geomorphologies not only
through forms and processes but also in intensity at which
these processes work. However, under the same climatic

conditions, a completely different morphology can be found
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where lithologic circumstances differ. Situation can be
characterized both by c¢limate and regional or 1local
topographic¢ and geologic circumstances. Similarly, there are
zonal (lcocal) circumstances. For example the presence of a
river can result in differences in geomorphic processes and
subsequent landform under the same climatic conditions.
Fluvial forms and processes in a purely desert environment
(where the water comes from a humid source area) demonstrate

such a situation.
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CHAPTER 2

THEORETICAL FRAMEWORK AND LITERATURE REVIEW

2.1 Theoretical Framework:

In many environmental management situations the most
useful contribution of the geomorphologist is the
provision of a terrain map. This is particularly true
where information is required on the distribution of landform
characteristics and soil types including operational surface
processes; such maps have been used to considerable advantage
for engineering, planning, and management procjects. While

the concept of making a terrain map is not a difficult one,
the task of actually making one makes it to so,

Landforms are varied and many on the earth surface
ranging from broad plains, plateaus, high hills and rugged
mountain ranges to valleys and warped basins. Landform
development ig due to both internal and external forces.
These forces are continually shaping the face of the earth.
Man’s influence on the development of landform can be seen
through his socio-economic activities which subjects the
earth’s surface to constant degradation.

Land degradation varies from one region to another in
accordance with the forces and processes including
hydrometeplogical factors and influence cof man and animal

life.
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The Kubanni basin is influenced by rapid urban sprawling,
poor agricultural and land management practices and hence
subjectcd Lo rapid degradation. As already stated
conventional field survey may be used to map the nature of and
assess the extent of the degradation. However, these
conventjonal methods can only be used in smaller areas (its
coverage is limilbed) and extrapolation is strenuous and may
result in over simplication. Thus, better techniques are
needed, hence the focus ¢f this study which is the use of air-
photo application of remote sensing (RS) technigues to
identify and map land degradation and their susceptibility in

the basin.

2.2 REVIEW OF SOME RELEVANT LITERATURE, .

Studies of land degradation in the Kubanni have been
investigated but using conventional field observations over a
limited area. These involved mecasurements of a few seclected
paramcters, i.c. gully length and morpholeogy (c.g. Ologe,
1972; Bello, 1973). However, similar studies elsewherxe have
been carriced out using mapping techniques that mwminimize
contact with the field or objects.

Smith (1970} wusing aerial photographs in the upper
Kubanni basin demonstrated the possibility of identifying land
degradation resulting from the influence of man on vegetation
cover characteristics 1in recent past through farming

activities, bush Fire, overgrazing, deforestation and fire-
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woed falling.

Ritchter (1978) carried out a research on soil erosion in
CGermany and Czechoslovakia and found that there are two types
of 8o0il erosion mapping (i) mapping of actual damages
concentrating on soil damage and visible soil erosion features
and (ii) mapping of potential soil erosion hazards. Ritchter
based his work on the traditional field measurements and so
was restricted only to areas that were accessible due to the
ruggedness’ of the terrain. The application of RS/GIS
techniques would have minimized such limitations.

Hosomura’s (1993) work in Thailand is on application of
remote sensing technigues {(using both air photos and Satellite
imageries) in assessing land cover changes. The result showed
that the .techniques proved quite effective as a tool
especially by the use of multi-temporal images.

Keech (1978) holds the view that remote sensing can
provide clear synoptic view of the distribution of factors
which influence land degradation and planning information.
The techaique ig advantaqgeous since vast tract of land can be
viewed at a glance using Satellite imagery on small scales
which means great expanse of land is represented with ease on
the imagery.

Damen (1991) observed that some features such as gullies,
are generally more visible than rills or sheet erosion (in
fact, the later may have no stereo). He further noted that

indications of the presence of rills on aerial photographs are
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the patterns {linear photo-tone) varying sizes (about 30cm
wide), and position on the terrain. This implies therefore
that such features can be mapped on air photos which is why
they arc preferred to satellite imagery.

Rendell (1982) working in Southern Italy measured and
discovered that over S0, 000km* of land was subjected to severe
land degradation (due to soil erosion by water and mass
movement especially sliding). The regult is considerable
damage to settlements and infrastructurc. Such vast expanse of
land would only be pogsibly covered using Remote Sensing data.

Chen, et al (19%4) working in the Agri-River Basin of
Basilicata, Italy, applied remote sensing and GIS techniques
in assessing landslides hazards. He noted that the application
of RS/GIS provide assessments of present rate of land
degradation and the features of the terrain and spatial
distribution of their hazards.

To demonglrate how earth mapping technology (EMT) has
edge over traditional field method, Sceters, et al., (1991)
confirmed that wmany ercsion fecatures arc better recognised
(using sterec pairs or triplets) on acerial photographs by
their sizes, pattern and photo tone than the traditional field
measurements especially in rugged topography and inaccessible
areas.

Carrara, ct al ({1278) were able to define the hazard
level of degradation in Southern Italy by using GIS together

with multivariate analysis of the data sets obtained in the
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field during the survey.

Examples of land degradation studies carried out in the
Kubanni basin are those of Ologe (1972), Dada (1972), Bello
{(1973), Chaga (1989), Ahmed (1989), Bello (1991), etc.

Ologe (1572) assessed gully headscarp recession in the
Kubanni basin. Gully headscarps recession were mapped in the
field and with the aid of topographic maps of different dates
calculated mean rates of recession of 3 gullies (i.e. 4.27
meters, 5.18m and 4.79m per annum) were obtained. He also
suggested that headscarp recession were dependent on storm
surface runoff. The efficiency with which material is removed
from the foot o©of the wall and the nature of the regolith
materials .such as their degree of compaction or induration
were also found to be important factors of the land
degradation in the basin.

Bello (1973) also worked within the same upper Kubanni
basin but employed direct field measurement and survey methods
for mappiqg erosional scarps along the main stream channel.
He identified erosional scarps as important land degradation
element. The erosional scarps were adduced to gradual
rejuvenation which made the Cabana river to cut into spurs and
carved bluffs, The study showed that the steep erosional
scarps were developed on thick weathered regolith. Other
features mapped were large and small residuals, micro-
pediments, large amphitheater-like embayments alternating with

long narrow strips of head-lands on the erosional scarps.
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However, all these occurred on a piece of land of not more
than 10km”.

Dada (1972} working within the upper Saye basin of Zaria
{a major tributary of the Galma River as the Kubanni also is)
found that deep gully incision of the river channel isg
associated with either drop in the base level or climatic
change which initiated rejuvenation and two-level terraces is
the ultimate result of this process. He revcealed further that
gullies occurrcd were on steep valley side slopes and on
interfluves with steep slopes and where vegetation is sparse.

Other studies include Ahmed (1989}, Belle 199%1) and
Makeri {1989) which showed that Dbecause of gignificant
increase in the intensity of land use, gully erosion density
and areal coverage also increased. Also the rapid urban
sprawling plus intense agricultural practices and poor
management of the land within the basin has been shown to

result in scvere soll erosion and deep gully incision.
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CHAPTER 3

THE STUDY AREA

3.1 Introduction:

This chapter presents the general physical background of
the Kubanni basin. Figure 3.1 shows the study arca. There are
several published and unpublished texts/literature on the
general geography of the study area egpecially regarding
geology and landform, relicf and drainage, soils, vegetation
and climate. The detail given in this c¢hapter include
information obtained from field observations, air-photo
interpretation, in addition to relevant information already
published. Figure 3.1 presents the sketch diagram of the study

area.,

3.2 Physgical Background

The study area (Samaru-Zaria, 11°3'N, 7°42°‘E) 1s located
on the high plains of the Hausa highlands. It is drained by
the Kubanni systems and covers c.l1l18 square kilometers. It is
bounded by the Institute of Agricultural Research (IAR) and
the Samaru Village to the north. On the West the limit is
Ungwan Barau and Ungwan Maigamc Village scttlements. Its
gouthern boundary is the Kufena Hills and Ungwan Zarumi. On
the east is the Ahmadu Bello University and the Nigerian
College of Aviation Technology (NCAT), Zaria (Figure 3.1).

The basin has an average altitude of C.680m a.s.l. with the
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Kufena Hills towering up to a height of c¢.820m a.s.1.

3.2.1

Geology and Landform:

Samaru-Zaria and its environs is underlain by three

qroups of rocks, all belonging to the Precambrian Basement

Complex of Nigeria (Jeje, 1978; Wright, 1971). These

are summarized below:

(1)

{i3)

Gneiss of variable composition including granitic,
pegmatitic or schistose thoroughly weathered to varying
depths and covered with superficial materials called
drift;

Quartz Schists and quartzite form a narrow belt of low,

rounded, hill and valley topography;

(iii) Gneisose porphyritic granites characterized inselberges

of drift shapes and sizes. These are often referred to
as the older Granites to distinguish them from the
Jurasgsic Younger Granites. They cover a small area with
the largest ocut-crop forming the Kufena groups of

Inselberges.

The overlying superficial drifts are found on the uplands and

valley side slopes. Likewise alluvial and colluvial deposits

are found on valley bottom lands and bordering terraces. QOloge

(1971) has observed that solid rock ocutcrop occur only over a

amall

proportion of the landscape around Zaria. Thus the

landscape is developed on regolith materials of variable depth
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and composition, which strongly reflects the recent
geomorphological processes (Higgins 1965).

The importance of the solid and surficail geolcgic
arrangement plus the nature of the regolith is seen in the
undermining tendency of gully headscarps retreating on to
steep valley sides slopes. The drift also tends to become
stripped on peoorly compacted bedrock materials.

Distinctly banded sands, silts, and clays along stream
channels are cut to form bluffs which Higgins (1965) described
as having a very typical eolian drift appearance, being
vertical and of a stable nature.

{b) Relief and Drainage: By virtue of its location on the
High Plains of Hausaland (elevation is between 620 and 690m
a.s.l.) just south of the primary watershed separating the
Chad inland drainage system from the Nigeria drainage system.
Samaru Zaria has a subdued relief characterized by monotonous
undulating landscape broken only by the occurrence of grouped
or scattered single inselberges, the largest being the Kufena
groups.

The study area is drained by a sixth-order stream, river
Kubanni which is a tributary of the Galma River i.e. Shika,
Kubanni and the Saye tributaries. The Kubanni and Saye flow
roughly West-East to join the Galma river but the Shika, like
the Galma itself, flows a circuitous course, first flowing
north-wards and then curving round toc join the Galma just

north of Zaria (Mortimore 1971).
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The river system is cphemeral and assumes a dendritic
pattern. The streams have severely and deeply incised their
beds causing dissection by numerous and large axial gullies

(Bello 1973; Thorp 1971).

3202 Seoils: Although a considerable variation exists in

the soif types, it is however generally described as the
(leached) tropical ferruginecus type. Topographical factors
appears to play vital role in determining their detailed
characteristics. For instance, around the Kufena Hills is the
young coarse or weakly developed scils (regosols). The soils
in the valley bottom lands (Fadama) belong to the intra-zonal
group especially hydromorphic soils or vertisols (Klinkenberg
1970) due mainly to accumulation of both organic matter and
fine alluvium.

Extensive wide valley bottom lands is a typical feature
of the Zaria arca. The soils here arce mostly dark-grey clays
(vertisols), poorly drained. Most of these soils have been
formed in alluvial material and some variation in textures can
therefore be expected. The 'fadama’ are of special
importanc¢e. They are fairly rich in nutrients and have a gococd
to ample water supply, which persists far into the dry season.

Generally, the character of the soils is such that as
soon as rainfall starts, infiltration could be quite high but
the pores scon get sealed up with fines and further

infiltration is impeded resulting in coverland flow, sheet flow
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and channel initial (Makeri, 1989).

323 Climate and Vegetation: Samaru-Zaria possesses a

Lropical continental elimabe congiasting of pronounced long dry
season alternating with a distinct but short rainy secason.
Temperatures are high. Daily maximum temperature rises
generally from allow of 13°C in January to its peak 35°C in
April/May. A secondary high is often encountered in Octocber.
Also, the mean minimum temperature rises from is lowest value
in December/January (28°-30°C) to its highest (35°-40°C) in
July/August. Thus, the area is appropriately described as a
tropical savanna (AW climate). The rainy season occurs in the
high-sun period (May-September) with an average annual total
rainfall of a c.110cm (Jeje, 1978). The dry season begins 1in
October and is very hot but cool and dusty during the
January/February months (the Harmattan).

This seasonal characteristics of rainfall makes its mark
on the vegetation of the area which assumes various shades of
green in the wet secason and turns brown, pale or yellow in the
dry secason. The vegetation of Samaru-Zaria region 1is
described as the Northern Guinea Savanna type. The term
connotes a wood-land vegetation type characterized by the
presence of Isocberlinia doka and other genera of Isoberlinia
plua grasscs,

This vegetation patterns shows that a pattern cwes its

existence largely to land use management practices over a very
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long period cf time (Ologe, 1971). Thus though the area lies
within the Guinea Savanna zone, there is very little natural
or climax vegetation and the area has become derived savanna
characterized by sparse shrubs/trecs in grass and tuff cover
and clusters of treecs along water courses. Near major
settlements efforts are being made to plant cover trees in

order to protect the land/scil resources.

3.3 Human Geography

3.3.1 Land Use: The major activities over the area are
intensive but scattered cultivation during the rainy season
and grazing with some construction works. Market gardening
takes place on the terraces along the stream channels.
"Fadama" cultivation which is the type of farming activities
en the marshy land, is very common in the valley bottom lands
after the ceasation of the rains. This type of cultivation
can last .throughout the dry seascon periocd. This land use
encourages rapid changes in the morphology of the channel and
probably area.

Virtually all cultivated land within geveral square
kilometers was under cultivation or short fallow (Ologe, 1971)
in the past. The entire basin is today subjected to intense
cultivation, and rapid urban sprawl due to increase in
population. The land no longer enjoys bush fallowing which
was the common practice in the past. These fallow lands were

known to carry a vegetation of open shrub woodland; however,
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these shrubs have little chance of achieving climax status as
they are regularly grubbed for firewood, grazed and, sometimes
burnt over the dry season (Bello, 1994). Trees of economic
value were allowed to stand on farms or fallow lands and they
provide a certain amount of shade from the sun and rain.
These trees include Parkia, Clappertoniana, Vitex, Doniana,
Afezelia, Afucana, Dabueka, Oliveri, Mangifera, Indiana, and
Tamarindus Indica (Ologe, 1971).

From the cultivated areas orchard bush gives way to open
canopy savanna woodland and recently, the Forest Reserves.
Even then -there is evidence of frequent cutting for firewood
as well as burning and grazing. Taking Zaria area as a whole,
Olege (1971), summarized the vegetation and land use of the

area into the following:

(i) half the total area was under permanent or semi-
permanent cultivation;

(11) Fallow land covers perhaps just over a quarter of total
area and is used for grazing;

(iid) Open savanna woodland with a good cover of grasses,
covers the belt of schist and quartzite ridges and
valleys, within which there was very little
cultivation.

Thus, land uge in the study area has probably changed
since 1963 when the air photos were taken. Table 3.1 shows the

estimates of the categories of land uses in the basin.
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Certainly the changes would have influenced or intensified
geomorphic processes and consequently land degradation (Chaga,

1989, Shenyin, 1989).

Table 3:1 Land Use in the Kubanni Basin *(1971)

Land Use Category % of Basin Area
Open Savanna Woodland 07
Shrub regrowth 17
Cultivation and recent fallow land 46
Gully area 12
Rock outcrops 03
Built-up areas 12

Total 97

* Estimated from 1:40,000 aerial photos, taken in 1962 (After
Ologe, 1971).

3.3.2 Other Economic Activities

Kubanni basin is occupied by some major settlements such
as the Samaru, Shika, Palladan, ungwan Maigamo, ungwan
Kubanni, ungwan Lumbayi, ungwan Rafin Magaji, Kudingi, Tukur-
Tukur, ungwan Barau, ungwan Zarumai, the Universilty, the
Nigerian College o©f Aviation Technology, and other
hamlets.

Although farming activities seem dominant, not withstanding,
there are other economic activities for which recent urban
sprawl has brought along. Previous studies shows that while
the rural land use declined from 93.24% in 1965 to 62.22% in

1995, the urban land use rose from 06.74% to 37.28% during the
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same pericd, respectively (Chaga, 1289 and field
investigation, 1995). Going by such a rapid urban development
within the basin, economic activities which often goes with
human regources are found. Econcmic develcpment are
concentrated along the north and north-eastern axis of the
basin. Most commen of such economic development are some
commercial activities as the Samaru market, automcbiles,
banking institutions, educational institutions at all levels,
construction works, @sand and stone gquarrying for the
construction industry.

It is not probable that such urban pressure upon rural
land would leave its imprints in the basin. Increasing
economic activities in recent years by way of grzing has

resulted in intensity of gullying (Ahmed, 1989).

3.3.3 INFRASTRUCTURAL DEVELOPMENT

The bagin has witnessed a dramatic change in
infrastructural development over the years. Interpretation of
air photos of 1965 revealed that very few infrastructural
facilities were in existence. However, the present day
situation is quite different. Recent changes in urban land use
includes roads, networks, recreation facilities, electricity
and development of water resources in the basin. Also
construction of residential building for staff in several
institutions located in the basin. These structures demands

that there should be provision of road network. It also means
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changes in land uses. Some roads have been renovated or re-
constructed recently. The Kaduna-Kano road is now (1990) a
dual carriage road. More recreation facilities both private
and public have been developed. Indeed the recreation of a new
local government (Sabon Gari) has served as an impetus towards

establishment of new infrastructures in the basin.

3.3.4 POPULATION AND DEMOGRAPHIC CHARACTERISTICS

Population constitutes a wvital component of the
potentials for land use and impact on the terrain in the
basin. Most relevant elements of the population are its size,
rate of growth and spatial distribution.

There are no accepted population figures as yet. However,
estimate cf the population in the basin can be put at about
80,000 people. The rate of growth (10.4% per annum) follows a
similar trend to that of the state during the 1991 census.
Populal i O;l concenktration in  the basin ig not even.
Reconnaisance surveys showed concentration in major settlement
along the major roads in north and eastern parts of the basin.
Most urban development are concentrated also along the same
axis. Farther away from the road we have scattered or isolated
small settlements of between a few tens and 150 people mainly
fulani herdsmen and sedentary farmers/fishermen.

The rural areas are consists of agricultural population
living on the other valley side slopes. It is probably due to

to the activities of the people that have caused severe
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erosion being felt along these areas. There literacy level is
low. Health and social welfare services are available. The
main health service centre being the University Sick Bay with

several other private ones.
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CHAPTER 4

MATERIALS AND METHODS

4.1 Introduction

The nature of the field work, data collection and
analysis are described in this chapter. Section 4.2 explains
the organization of field work. In section 4.3 the selection
and collection of data together with the criteria for choice
of sampléd areas and reference points are described and
explained. Section 4.4 discusses the choice of scale and maps
for the study.

Geomorphological mapping is an important tool for
recording information concerning the nature of surface forms,
materials. (soll and rock), surface processes, and geomorphic
history. The maps provide useful basis for terrain assessment
and for monitoring environmental problems, Usually the
approach to such mapping combines field inspection with air
photo interpretation (Socters, et al, 1993).

Deterioration of wvegetation condition is usually the
stage indications of land degradation. When it occurs it 1is
usually a reflection of deteriorating soil condition and/or
erosion hazards. Hence deterioration in vegetation conditions
constitutes the core clement used in this study for detection
of land degradatiocn on air photos. Land degradation mapping
also involves delineating types of mass movement as seen on

air photos and thege that are occurring or may occur in the
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future.

An alternative method to 1land degradation mapping
involves the use of computers which employs the use of
Digitizers for map compilation and production, and several
other aided machines such as printers. This method has the
advantage of rapid map-crossing. By using the Digital Terrain
Model (DTM), all forms of morphometric data can be presented
in digital forms and stored and reproduced on maps for
subsequent. use. It also has the capacity of converting data
stored in the "Raster” module into "vector" module and vice
versa (Aronoff, 1993). In this study it was not possible to
use the computer based method because of lack of funds and
equipment.

4.2 MATERIALS AND GENERAL STUDY ORGANIZATION

This section presents the working procedure for the study
and is summarized in a schematic diagram Figure 4.1.
A. The first phase involes the gathering of relevant
information from maps and texts. Preliminary air photo
interpretation was made at thisg stage to be used as a tool for
a general guide.
B. The second phase of the working procedure involves brief
field inspection of the sampled areas. The inspection is meant
to verify the relationships of landform, relief lithology, and
note the processes in operation observed earlier on the air
photos. It is also meant to up-date, make adjustments, and

extrapolate the terrain unit boundaries.
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C. Mapping and reporting forms the third and final stage of
the research in which land degradation types, susceptibility
map and the TMUs map are produced on a scale of 1:15,000.
Using the elements of photo-interpretation (i.e. topography,
drainage, pattern and texture, erosion, photo tone, vegetation
and land use), different terrain conditions were identified
and the boundaries between them determined. Also information
obtained from secondary sources about geclogic origin and
formation, soil and bedrock characteristics, land uses, and
those obtained from £field inspection were also used. The
characterization of the terrain mapping units (TMUs) is done
using the 1:15,000 photographs via stereogram and mosaics
which were not geometrically corrected. Detailed hazard
analysis were also carried out using the 1:15,000 photographs

as well. These provided the degradation hazard maps.
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4.2.1 SELECTION OF MATERIALS (MAPS AND AIR-PHOTCGRAPHS)

The materials selected for this study comprises

information coded on aerial photographs, topographic and
geclogic maps and from previous research work on the Kubanni
River basin, parts of Sabon Gari and its environs. To obtain
information the photograph series were acquired from both the
Department of Surveying, A.B.U., Zaria and Kaduna Polytechnic.
The air photo geries covered the main Kubanni river channel
and its tributaries. A few air photos and maps were alsc
obtained from the Geography Department (ABU). These air photos
were arranged into series of stereo-triplets to form a mosaic
to cover the study area (appendix A). In view of the large
area to be covered representative sample areas were selected
for use bearing in mind major topographic/terrain
characteristics. The selection was also based on:

(i) . location and type of land use: For instance
considerations were given to differences between rural land
use types. The nature of land degradation reflects the nature
of land use gsystem. Proper farm land management system checks
sheet wash or riling menace. Conversely, over grazing and
bush burning of copen fields or farm lands often result in
different forms of degradation hazards.

(11} . IAdicationm of geomorphic process such as gullying,
sheet wash, riling, obuscrvable and identified on air photos.
Observable differences from area to area were used in

selecting reference points.
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(iii) . availability of air photograph series that covers the
study area including sample area and the reference points.
Details of the air photo coverage and the stereograms of
sample areas are given in figures 4.2 and 4.3a-g series
respectively.

Sample arca and reference points are given in Appendix A.
Each reference point covers an average radius of 60 meters and
all observations made within the circle are used for both TMUs
up—dating.and land degradation hazard susceptibility analysis.
The appendix shows the air photo series from which the
reference points were carefully chosen based on the
availability of aerial photos coverage. Alsc some selected
localities were considered for sampling e.g. headscarps, or
areas of intense geomorphic processes as seen on the photos
and since such areas represent land degradation type(s).
However, a few reference points had to change during the brief
field inspection because they no longer exist following the
congtruction of the Kubanni Dam.

The use of the terms ’‘sample points’ and ’'reference
points’ are synonymous. They are simply points ’‘pricked’ on
air-photos to mark locations on the ground which helps the
observer to orient the photos during field inspections. They

are also sometimes referred to as ’'base points’.
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4.2.2 AIR _PHOTO SCALES

The cheoice of the scale of maps of land degradation to be
produced is as 1important as the photo types that may be
available. For instance, large scalce maps have more details
and, at such, yield more information than medium and small
scale maps.

In this study, however, because of difficulties in
obtaining air photos covering the area under study at the same
scale and for the same period, different air photo scales had
to be used and they range from 1:40,000 to 1:15,000.

For preliminary air-photo interpretations the scale
1:40,000 das the choice used to help in reconnaissance surveys
and analysis. The air photos at such a scale cover greater
land space with more detail and can be viewed at a glance for
the purpose of establishing TMU outline. Also the air photos
at a scale of 1:40,000 were considered good enough because
they are nearer the scales of the available topographical and
geological maps which were both at 1:50,000.

The detail and final interpretation and production of
maps were done on the 1:15,000 scale. The reason for this is
that certain features of erosion such as rills, slope wash
cannot be seen on medium scale air photos say 1:25,000 or
less. Also the final maps were produced from photo mosaics of
the interpreted stercogram. Similar scales for the final TMUs
and susceptibility have been used in order to facilitate

easier use of both maps and the possibility for map-crossing
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later in the study.

The land use and susceptibility maps were produced from
stercogram of photos on the 1:15,000 scale. This is because
at such scales greater perception of details can be viewed and
their land. use pattern appreciated with ecase.

4.2.3 STEREOGRAM PHOTO SERIES

Air photo series of sterco-triplets and pairs used for
the study area and the sampled area are presented below and
can be seen in appendixes A and B respectively.

The photo series used for the entire study area are those of
1965, 1970, 1974, and 1980. The 1965 series are in two
categories: (i) 65109-38 to 56 covers the Forest Reserves at
Tukur-Tukur, Ungwan Lanbayi, the A.B.U. Kubanni Dam, and parts
of the southern half of the basgin area; and

(11) 65113-11 to 28 covers the IAR, Samaru Village, ABU (Main
Campus), Ungwan Mallam Tsofo, Civil Aviation Quarters, Hanwa
Village. Both categories are panchromatic at the scale of
1:15, 000 taken during dry season.

Photo series B of 1970 are coded 70705: 1-24 at a scale
cof ¢.1:15,000. The runs of this series overlap most areas
covered by the 1965 series indicated above excluding parts of
Tudun Wada. However, unlike the 1965 series 1970 series were
taken during the wet season.

The 1974 Series are coded 74194 - 143/146; with at a
scale of ©.1:24,000. Again, this series were taken during the

wet season and cover the Hanwa Village Southwards enclosing
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Tudun Wada; Zaria City, Tudun Jukun, Sabon-Gari.

1980 Series, coded 052-058, at a scale of ¢.1:40,000
cover the Kubanni Village, Civil Aviation Air-Strip, Hanwa
Village, Sabon Gari, Tudun Wada, Zaria City, Kufena Hills, and
Ungwan Rafin Magaji.

Appendices A and B present the areal coverage of the
stereo-triplets of the study area and the sampled area,
respectively. The reasons for their choices have been
explained in section 4.2.2. Figure 4.4 presents a sketched map
of the sampled area (after the appendix), indicating all the
sample points and their air-photo series coverage as recorded
in appendix A.

All the photographs which cover the sampled areas are
presented in stereogram and illustrated in Figures 4.3 (a-g).

The choice of sampled areas were necessary as stated
already (section 4.2.2). Altogether 7 paired (stereo triplets)
photos were selected which cover the sampled areas. From
photo series of 1965 stereo-striplets numbers 48,49,50 cover
Lhe sampled arca south of Ungwan Dan Mako, Kubanni, and the
Kudingi Gully. Stereo-triplets 50/51/52 within the same photo
series cover south of IAR; west of the Kudingi Gully and parts
of the headwaters of Kubanni. Thus the sampled areas in this
photo series cover approximately 25 square kilometers.

Three sets of stereo-triplets from photo series B of 1970
series (3/4/5; 5/6/7; and 22/23/24) were selected and covered

about 38 square kilometers of Ungwan Mallam Tsofo; the Air
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strip and surrounding A.B,U. Dam (main campus); Samaru
Village, College of Agriculture; Area BZ (A.B.U.); Veterinary
Medicine Department (A.B.U.), Ribadu Hall {(A.B.U.); etc.

From photo series D of 1974 (144-146) stereo triplets
were chosen and cover the sampled areas of Tukur-Tukur
Village, Wusasa, parts of Tudun Wada and Sabon Gari; Hanwa
Village; GRA Quarters and Layin Zomo Village. The sample
areas 1is the largest and cover approximately 32 square
kilometers. Finally from the 19580 photo series stereo
triplets (052/054/056/058) covering c.42km* were used as
sampled area. These areas included the Kufena Hill, the
Forest Reserves {(near Tukur-Tukur), Zaria City, Ungwan Rafin
Mallam, Lumbayi and Wusasa Village. It should be noted however
that all the photo series described here overlapped one

another at various locations.
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4.3 METHODS {(Air Photo Interpretation)

in this section the techniques of photo interpretation
and procedures are descriped.

1.3.1 TOOQLS OF PHOTO INTERPRETATION

Lhe Lypeoe and rcange ol Loola and ingtiruments used have
already been mentioned. This section describes the ways and
manner in which cach teoel or instrument was used with

particular relerence to:

{i) - Oricntation of a Stercoscoplic pair of photos;
(11} Determination of Photo Scale;
(iii) Helght Measurements using a Parallax Bar;
{iv) Linear Measurements.

4.3.2 Crientation of Sterecscopic Pair ¢f dir-Photoz:

The instruments uscd here were the pocket and mirror
stereoscopes, sterec-pairs photos, ruler, wax pencil, masking
tape and gelor tapes, transparent paper, robring pengs, and
pencils.

Good stereo vision using pocket stereoscope was obtained
by making the principal points on both photos to form one line
with the Ltwo corresponding transferred principal points. Next
the distance between the principal points were measured along
the Stereoscope base; this was larger than the distance
between the two transferred principal Jjoints. Also,
corresponding images were separated by a distance equal to or

slightly smaller than the Stereoscope base. Lastly, the
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shadows visible in the photos are falling towards the
observer’y gide of the flight line.

For Mirror stereoscope, first two air photos were
pozitioncd in such a way that the shadows vigible on Lhem fall
toward the cbhsorver.

Secondly, one photegraph was supcrimposed on the other
such that it covers the area they have in common to create
zone of overlap. The next step was separation of the
photographs properly and putting them under the transparent
material in such a way that (1) the lines drawn on each photo
(flight lines) coincide with the line through A and B, (2)
images of the same point in cach photo are at a distance AB
apart. Then the photos were [ixed securely in position with
masking take over the corners and the transparent sheet
removed. Lastly the mirrorxr stereoscope was placed over the
photo pair with its base parallel to the flight lines to view
the three dinengional modal of fcatures witlioul eye strain,

4,.3.3 Determination of Air Photos Scales

Photo scale for aerial photographs can be determined in
two ways. Once of the methods involves the use ¢f the data
strip of the aerial photographs and a given elecvation of the
terrain. The other requires the aid of a topo-map. To
determine photo scale (average along the flight line) of
aerial photographs the following procedure was used:

First, the principal points were marked on three

consecutive aerial photographs (h',, h",, h"’;). These points



55
were transferred to the adjacent photos and label accordingly.
Sccond, the principal pointgs on Lthe tepo map would be
identified and marked as H,, H,, H;. Then the segmented line
in between H,, H,, and H, are measured to get the total

distance on the map: d,.

Third, the flight line segment is measured and the average

length of the flight line on the overlap 4, is calculated.
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The final stage is calculation of the photo scale.

Mp = 1:Mp usging the ratio.
d, = m,
- m, teseaesessv-ss (Egn. 1)

However, some aerial photos have the scale written on them.

4.3.4 Height Measurements using a Parallax Bar

Some elevations were measured in order to determine
agpects such as internal yelief, depth of gullies and rills,
etc. The procedure followed is described here.

The first step is to orient and fix the photographs
correctly on a drawing table. Then the cbjects to be measured

were identified and where necessary holes are pricked and
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grease pencil circles of 0.lcm diameter were drawn around
them. Using a long ruler the distance between the foot of the
object (a’) in the left-hand photography and the foot of the
object (a") in the right-hand photo (a‘a") was measured. Also
measure the distance between the two principal points (h*', and
h",} of the photos (h', h",). The difference between these two
distances is the Stereoscopic parallax (Pa) of point "a".
Next, you place the bar and land the floating mark on the foot
of the object (a) dnd note down the parallax bar reading (Ma).
Also land the floating mark on the top of the object (b) and
note down the parallax bar reading (Mb). Subtract the reading
Ma from the Mb reading to determine the differential parallax
(p) between the top (b) and the foot (a) of the object.
p =a’'" - b’b" = Ma - Mb
Next is to determine the flying height (Za) over the ground
surface of the point "a*
Z4a = Zo - hm

where Zo = flying height over sea level. This is read from
altitude or data strip on the photegraph; hm - height of
terrain with respect to sea level.

The height difference ( h) is then computed between the

top (b) and the foot (a) of the object is meters using

equation 2,

h= --====- x 2Za =Xmetres, SaeeaeRy @ ¥ VECGR s 2)
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Linear Measurements

Two different types were involved, i.e. linear
measufements in flat areas and, those on hilly areas.
On flat areas, the procedure followed are described
below. The tools needed are the mirror Stercoscope, pair
of Stereo photos, parallax bar, ruler, needle and drawing
materials. First, the photo scale (mp) was determined as
described carlier, Seceond, measure the distance between
the selected points a-b in millimeters. Third, is to
multiply the measured distance (a-b) between the selected
points by the photo scale number (mp), which gives the
distance of the points in the field; a-b:

therefore: ab = mp ---
ab

On a hilly area the following procedure was used. Using

the same instruments listed above:

- determine the height differences of the selected
points, this gives the values h,, etc: in
meters;

- next, use the slope between the selected points,
this gives the values, d_,, etc.;

- calculate the slope length in the field (ab, etc.)

. using the results of the first two steps. i.e.



1.4 MAPPING

4.4.1 Introduction: This section describes the principles
that guided mapping of terrain attributes and various types of
land degradation from air-photcos. Terrain mapping attributes
considered include morphology, lithology, drainage, surface
cover characteristics, and genetic origin. Land degradtion
attributes used include gully, rills, sheet wash, slumps,

debris falls, block falls and ‘badland’ phenomena.

4.4.2 Mapping Terrain Attributes

First, the entire air-photo mosaics of the study area w a s
divided up into segments based on uniform charactexr of the
landscape; seccond, each segment was carefully studied and
specific land attributes mentioned above were used to
determine areas of similarities and/or differences. The
terrain attributes used are those that were identified on the
air photos during the preliminary laboratory cxamination of
the materials (Section 4.1).

The terrain atributes mentioned above have been chosen
because they form the key elements influencing processes of
land degradation (Meijerink, 1988). These terrain attributes
are preferred in this study for the following reasons.

Lithology has a strong relationship with landform. For
instance various main rock types are associated with certain
lithologies (ie. sedimentary rocks are associated with heavy

clay, unconsolidated sand, gravel, pebble, silt; ect.). So
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knowledge of the lithology of a terrain unit facilitates to a
great extent the ease to determine likely geomorphic processes
that operate on the various units. Also, morphology of the
area gives a clear idea of the size, types and associated
features and the terrain slopes. These, and the nature of the
slope (length and steepness) play important role in
determining rate and magnitude of land degradation. For
instance; in principles, convex part of the terrain are
susceptible to scil wash and rills, consequently the thickness
of the weathering zones is diminished. Similarly, drainage
characteristics (pattern, density) provide opportunity to see
the terrain in patterns easily identifiable on air photos.
Indeed, it gives expressions of wholeness toc segments of the
terrain since the network of channel tie all parts of the
drained arca together.

Surface cover characteristics of a terrain also
determine, the nature and intensity of geomorphic processes
and consequently land degradation. For instance, bare
surfaces are more prone Lo gevere erosion than areas under
good pasture or grass cover.

Khan.(1992), used geologic structure such as lineaments
(joints/fractures), slope, strike and presence of ground water
{but does not include surface cover characteristics, etc.) in
his work in the Ganges basin (Bangladesh) to identify nature
of land degradation including earthflow, and slides, creeps,

and the like.
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Also Yang (1993), in his work in South-Western China
considered some of the terrain attributes used by Khan (1992)
and included surface cover and lithology.

In this study ground water movements and lineament of the
bedrock were not considered as important since earthquakes and
tremors are not a common phenomena in Samaru-Zaria area.
Besides detailed geologic maps for the study area were not
available,

Lithology was determined based on the existing
rclationuﬁipa between it and psoil as well as with hydrology
(Section 4.2).In land degradation studies surface lithelogy is
of prime importance especially for soil erosion.

On air photos sedimentary rocks display prominent
beddings and jointings as well as resistance to erosion. They
are stratified in appearance on photographs. The photo tone
is generally light-toned. The interbedded ones appear with
distinct stair-stepped terrain. Igneous rock outcrops were
identified on the air-photos with the use of stereoscopes.
They werce found to appear in variable summit e¢levations. For
instance, hardpan (concreted ironstones) were found to form
plateaus-like surfaces; granitic microfeatures appeared
rounded and formed mogt of the ridge-like landform with broad
surfaces.

Drainage system (pattern) appeared on the air photos as
dissected wavy lines on the terrain. Principal drainage lines

were identified also by their sizes and direction of channel
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flow as contrelled by the maximum valley slope of the terrain
once proper orientation of the stereogram has been made with
images casting their shadows towards the observer. Another
guiding principle towards identification of drainage on air
photos ig the Lype and density of vegetation. Where there is
high vegetation clustering some sort of drainage (presence of
water) is most likely. Also they are indicative of the type
of lithology, and the geologic structure. Drainage density
was determined by a semi-gualitative method of approach rather
than absolute wvalues. In this case sample photo circle
(coins) were used to classify the various degrees of densities
(i.e. high, very high, low, very low density).

The difference in relief (internal relief) was determined
by finding the average height difference (in metres) between
the local drainage divides of hill tops and the valley floors
of the terrain units using the Parallax Bar and ruler (see
Section 5.5). Herxe again the classification is based on semi-
gualitative rating rather than absolute values.

In mapping slopes from air photos a qualitative rating was
used rather than the peint network method due to lack of

photogramétric maps. Looking through the stereoscopes on to
the sterecogram of the air-photos the following semi-
gualitative rating is use; ie. flat, gently-sloping moderately
steep, steep sloping, very steep sloping, and, vertical

for Cliff-like, types.
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For surface cover characteristics, different vegetation
cover were observed on the stereo-pairs/triplets ranging Lrom
grasses, shrubs, trees tec farm crops. In some of the
stereogram (of photos taken in the dry season) some areas are
barec or secn as patches of shrubs intersparsed. This was
confirmed during the reconnaissance field inspections. In
stereogram of photos taken during late dry season land cover
is wvirtually non existent. Here, the wvegetation has been
"astripped” although and without any evidence of form of land-
use (cspecially to the South-west of the basin). Open natural
vegetation, grassland, shrubland-savanna forms the land cover
in undisturbed areas (but very small indeed and is located to
the north-west of the headwater area). Farm fields (crops
cultivation) werc also observed on air-photos. Photo tone,
shape of cultivation and the regularity of pattern helped in
mapping this attribute. For instance, bare land is depicted
by light-tone on air-photos because of high reflectance of
soil when dry; or dark;grey-tone when wet. Vegetation covers
were identified by their shapes, sizes, pattern and tone of
the clustered or sparseness usually in dark or grey colour.
Different vegetation pattern indicates different plant
species, €.9. conservation using tree plantation. Man-made
features, such as buildings, roads, bridges, etc. often
display a pattern of lines or squares 1i.e. elongated

rectangular pattern.



63

Morphology (or relief shape) as a terrain attribute was
also considered using height (Spot height and water divide),
slope steepness, slope length, break of slope, slope form, of
land features.

Genetic origin as a terrain attribute was considered in
the study based on the fact that it relates &tco dominant
cxogenoust  or endogonous procesgcs  regsponsible  for  the
occurrence of certain land degradation features. For
instance, landform of fluvial and denudational origin are
terrdces, gqullies, floodplains and are quite different from
those of say structural or eolian process by influenced
topographic originsg were identified on air photos (i.e.
Denudaticnal/structural and fluvial). The principle applied
in the identification of these genetic origins was based on
the fact that units of denudational origin consist of gently
undulating slope, little dissected terrain with deep soils on
soft sedimentary (weatheyred) rocks; but meore resistant rocks
are steep hills. Whereas, units of structural origin are
usually highly dissccted, stecp slopes, etc. Units of fluvial

origin are usually aggraded or erosional landforms.

4.4.3. Identification and Mapping Land Degradation Types

Analysis of photographs using the above different terrain
attributes revealed the following phenomena as the processes
in operation which results to land degradation; i.e.:

Gully erosion
S0il wash
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Rill erosion
Erosional scarps
Slumps
Debris fall
"Badlands" topography.

The important photo characteristics taken into
consideration and which aided identification of land
degradation featurcs mentioned above included:

tone
pattern
texture
molting
shape
size, shadow (topographic) site, and
situation (geographic site).
as already defined (Section 1.7)

The remaining part of this section describes the
application of the photo characteristics in identifying and
mapping the land degradation features observed in the study
area on individual basis. The main tools used for the
identification and mapping are the stereoscopes
{pocket/mirrorx), Stereogram copies of air-photos covering the
atudy area, ruler, rotring peng, pencils, greased pencils,

transparenlt papers and masking tapes. The method ol

instrumentation of these tools are discussed in Section 4.4.

i) Gully erosion can be discerned on air-photog through
examination of the depth, drainage density and absence of
vegetation cover. The more intense the activity the deeper

and more abundant are the gullies and the sparse the

vegetation. Field inspection showed that where the soil
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material appears granular the gullies are short, and closely
spaced. Gully shapes are a guide to the type of lithology,
surface material (i.e. V-shaped denotes occurrence in sands
and gravel, and U-shaped in silts or clays. Thus, on air-
photos, qullies were readily recognised by their shape, size
and depth and vegetation cover and drainage density. Drainage
systems and their relationship with the surrounding vegetation
were identified through their tone and pattern. A dark-toned
concentration of plants along trench like courses can be
picked-out with confidence and mapped as gullies (Kingma,
1993) .

ii) Rill erosion and braids are associated with clayey/silty
soils and sandy soils respectively. Rills are usually only a
few centimeters wide and deep (i.e. 50cm maximum for both
width and depth) and their dimension controlled by fine soil.
A single braided channel is typically 1-10cm deep and 5cm to
50cm wide but without limited length. On air-photos they may
appear in pattern similar to bare farm ridges or furrows but
can be distinguished from their unigue longitudinal lengthos,
and widths. Rills were hardly perceptible on medium and small
scale air-photographs (because of their small sizes which are
hardly discernable); they were however, detected on the
1:15,000 photos, combined with some field checks.

iii) Occurrences of sheet wash were identified on air-photos
on basis. of differences in grey tone by mottling. Sheet

erosion on air-photo stereo pair were identified by their
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tonal, pattern, shape, size, etc. characteristics. They
appeared in light-grey tone, patchy pattern, bare ground
surface and not widespread in area. Ercded parts of the
landscape generally showed a lighter grey than the areas of
accumulation which exhibited darker tones. Tonal difference
is related to the fact that fine grained material of higher
(now eroded) areas have been washed away leaving the erosional
areas with a less moist coarse textured top-soil depleted of
crganic matter.
iv) Slumps and "terracetts": Drainage is also sometime
distorted or blocked by the slumped material. Slumps were
easily identified on air-photos by their steep-like terracetts
surfaces. Somewhere, the drainage was seen to be distorted or
blocked. They were picked out on air photos as masses of rocks
or blocks of unconsolidated material along the slopes or
parallel to the cliffs from which they descended.
v) Creecps were identified only by other evidences (i.e.
leaning position of trecs or fences/poles). On air-photos
trunk of trees and pole lines showed bent position ; the
surface cover vegctation however can hardly be perceived to
change. They were recognised and mapped only where some erect
features were found to slant or leaning.
vi) Mudflows in the study area were observed only along
stream channels and usually at the middle or lower stages of
the main streams. They displayed dark-grey tones on air-

photos when wet but are grey-light toned when dried. They are
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usually bare surfaces with little grass cover. The soil
material was difficult to identify on air-photocs, but was
however, made possible only after the field inspection. The
materials were those of silts/clays, sometimes mixed with
sands.
vii) Debris falls were found to be common along the undercut
banks of streams. The fallen materials (uncensolidated) can
be seen directly below the stream bank cliff/bluff. They
appear to occur where the soil is marl and clayey on photos.
The tone ﬁs usually light-grey on panchromatic (black and
white) photographs.
viii) "Badlands" topography in this study referred to
highly dissected, bare surfaces. Badlands here refers to
valley-slopes or areas which have been subjected to severe
(intense) stream incisicn by erosive agents. They appeared
irreqular in shape, bare, and without defined channels. There
is no form of land use practice and gullies are steep-sided.
The surface tone is light-grey. Such topography were seen to
be of less or no economic uge. Good example ipg the arca within
the Kudingi Gully. On air-photos they were depicted by their
pattern (denobitic and irregular); tone (light); mottling
(irregular shapes and size); shape (irreqular). There is
absence of vegetation cover and lack of clear channel flow
divection.
ix) Rock falls were identified on air photos usually where

there exists isolated inselbergs or steep bedrock
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scarps/outcrops and were found to be lying at the base. There
is usually the lack of vegetation cover. The flow-direction is
normally along slope direction and occur usually on convex
parta of slopes. Block (fallg) were identified by the
appearance of blocks beneath some major scarps and channel
banks. Major joints (may be due to plant root systems) were
observed (during field inspection), on such scarps and banks
where the lithology was silty-clays. They were without
vegetation cover.
x) Bare land fields were characterized by lack of vegetation
cover of any intensity or value; lack of soft or
unconsolidated materials, such fields were gpotted to be
subjected to severe dissection, sheetwash and riling. Lack of
grass cover denoted overgrazing or bush fires.

Other specific forms of land degradation identified and
mapped out include the fellowing:
i) Footslopes: These were identified on aerial photographs
by their appearance, i.e. gently inclined planated surfaces.
They are generally veneered with debris (strewn with rock
fragments) . They are mostly undissectaed (however,
accumulattional footslopes may be slightly darker-toned and
with braids). It was however, difficult to distinguish between
thinly covered ercsional surfaceg and accumulational surfaces
since in either case the bedrock is invisible and surfaces may
be covered by vegetation;

ii) 1Inselberge (residual hills) stand out clearly and were
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viewed through stereoscope as isolated hills surrounded by
lowland surfaces of erosion and appeared dark-grey in tone.
They were sometbimes vegetated or not.
iii) Fans (accumulation of debrig brought by rivers). These
were identified on aerial photographs by their shape (fan-
like), situation (usually con the plains), tone (light-grey).
Little vegetation cover could be seen;
v) Infilled valleys were viewed in valley bottom areas. They
were identified by their gentle slopes to flattish surface and
by the absence or evidence of runoff. They were dark-grey in
appearance because of the prescnce of vegetation and, or wet
soils.
4.5 LABORATORY WORK

This involved collection of background infermation such
as maps and texts of previous research and work done in the
study area. Laboratory work also involved both preliminary air
photo interpretation to delimit the extent and have a synoptic
view of the study area to determine how to go about the
clagsification and characterization of the terrain units as
well as the final adjustments and updating of maps. Also at
this stage the traverses to be made were considered.

The actual seclection of data and of scales to be used
were decided following a more detailed interpretation of the

photos to determine TMU, sub-units and hazard susceptibility.

maps.
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4.6. . FIELD WORK

A brief field ingpection constituted the second phase of
the working procedures:. The field inspection was meant to
varify the relationships between the landform, relief,
lithology, and to note the processes in operation observed
earlierx on the air photos. It was also meant to update, make
adjustments, and extrapolate the terrain unit boundaries. Some
measurements were also carried out using the Abney Level for
slopes measures, and the tapes for linear measurements. Other
instruments used included ranging poles; pocket stereoscope,

maps and air-photographs.
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CHAPTER 5

PRESENTATION OF RESULTS

5.1 INTRODUCTION:

Usinﬁ photo interpretation technigucs described in
chapter 4, different types of terrain units (TMUs) were mapped
and land degradation types identified and described as section
in 5.1. In section 5.2 classification of the types of TMUs are
presented, while gection 5.3, discusses the spatial

distribution of the land degradation types in the basin.

5.2 THE TERRAIN MAPPING UNITS (TMUs) AND LAND DEGRADATION

(1} This section of the chapter describes the terrain mapping
units (TMUs) and land degradation types identified in the
Kubanni basin (figs.5.1 and 5.2). The terrain mapping units
(''MUs) attribubles and approach hadg already been discussed in
gection 4.4, The concept maken ude of land surface conditions
which express evolutionary relationships among land attributes
such as surface geology, landforms and their slope, drainage,
soils and their vegetation cover characteristics.

(1i) The aerial photograph series used for the TMUs mapping
were selected from air photo series of 1965, 1970, 1974 and
1980 as described in chapter 4, Specific ones used included:

- 1965 photos of the series - 65109 and 65113 at
1:15,000;

- 1970 photeos of the series - 70705 at 1:15,000
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the final TMUs that emmerge describe in detail the

various units contained in the basin. Each TMU is represented

by combinations of subscripts to identify and dsecribed it.

Table

F.

ED

N |

illustrates it.

Units of Fluvial Terraces.

¥l-

Ra=

F3-

Fq-

FB-

fluvial terraces of the lowest level (first order)
usually filled atimes with sand bars and other
eroded materials from the main channel always
affected by even minor flcods., Sample points are 13
and 14.

fluvial terraces of the second order in elevation
affected by subsequent floods. Sample point is 14.

fluvial terraces of the third order in elevation,
in most cases they are not flocded. Sample point
sre 15 and 16.

the higher fluvial terraces usually not affected by
the main channel processes but experience rilling
and gullying. Sample points include 13, 15 and 16.

the highest fluvial terraces often located far away
from the influence of the main channel; they may be
valley side slopes, erosional scarp recognised by
Bello 1973. Sample point location are 16 and 17.

Units of Structural-Denudational origin:

SD11-

SD12-

SD13-

SD21-

SD22-

highly dissected elevated flat (Plateau-like)
asurfaccs of the highest elevation. Point location
ig 9 and 4.

moderately dissected plateau-like surfaces of the
second order. Point location incudes 3, 8 and 13.

plateau-like surfaces of less dissected nature and
usually densely inhabited or settled. Point
location includes 1 and 3.

Ridge-like terrain with sharp crested edges and
very steep sided slopes. Point location includes
160

Ridge-like terrain with broader surfaces and gently
sloping slopes. Sample points includes 15 and 17.
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SD23- Rounded broad-like hills with smooth looking
surfaces, less dissected. Point locatiocn is 19.

SD24- Rounded broad-like hilly surfaces but highly
incised terrain. Point location 10.

SD31- Hill slopes greatly incised, steep-sided and less
cultivated or put to any economic use. Sample point
is 14.

SD32- Hill slopes of moderate incision, moderately
sloping slopes, and partially cultivated;

SD33- Hill slopes with less incision, gently gsloping
slopes, and with intense cultivation and other
econcmic uses such as buildings. Sample point is
11.

SD41- Valley slopes moderately incised with streams,
moderately steep sided slopes, some forms of land
use activities, well drained. Point location is 18.

SD42- Valley slopes moderately incised with gullies,
moderately steep sided slopes, some forms of land
use activities, well drained. Point location is 23.

SD13- Valley slopes less incised with gullies and gently
sloping slopes, highly cultivated and poorly
drained. Sampled point location is 24.

IH- Isolated Hills, highly eroded and/or dissected;
e.g. the Kufcna Hills. Point location is 21.

D Units of Denudational Origin:

BD- Badlands; highly croded and/or dissected, no form
of land usc activitics. Sampled point locations
includes A and B, 15 and 16.
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5.2.2 Sample Points Description

The choice of sampled areas and points of reference have
been described in sections 4.2 and 4.3 respectively. Here
results of the detailed analysis of the aerial photographs
are explained.

Points 1 and 2: Shows removal of surface vegetation probably

duc to overgrazing and resulting in intense sheet and rill

erosion. This is illustrated by the visible differences
between the air photos of 1965 and those of 1970. There were

a number of shrubs during the 1965 aerial coverage but by the

1970 coverage of the same season, most vegetal cover were

absent. The presently field observations show deep gully

incision, increase sheet and rill erosion; in fact, the ground

is wvirtually bare (aerial photo coverage codes are 65113

(13/14) and 70705 (10/11)).

Point 3: is characterised by extension of the gully
headscarps and some increase in width between the
period 1965 and 1970. Some few measurements from
air photos give an extension of average of about
1.34m of the hcadscarp over a periocd of 6 years.
Also during the past twenty five years sheet and
rill erosion have increased on bare slopes and on
slopes of >7 but <15 degrees. Where the slopes are
>20 degrees gullying activity were observed. Aerial
photo coverage <codes are 65109(14/15) and

70705 (10/11) .



i
Point 4: The predominant forms of degradation between 1965
1970 were the removal of surface soil through sheet wash,
following destuction the shrub-like of vegetation cover. Today
deep gully incision and the widening of headscarps have
developed. Aerial photo coverage codeg are 65109(51/52) and
70705 (10/11) .
Pecints 5 and 6: Between 1965 and 1970 removal of vegetation
cover due‘to grazing and fuel wood harvesting resulted in
sheet erosion and gully initiation on gentle slopes. However,
that have since developed into sleep scarp-like slopes due to
increase animal gazing and trampling. Aerial photc coverage
for these points are 65113(16/17) and 70705 (22/23).
Points 7 and 8: Common of all forms of degradation were found
to be on the increase in the area affected by sheet and rill
erosion from the period 1970 to 1995). These areas were found
to be set out for animal passage for daily grazing routine,
thus, riling is on the jincrecase due to constant animal
trampling. Little or no effort iz being made by farmers around
to control this activities and so sheet erogion by runoff
process is dissecting the upland terrain and erosion of top
soil during little down pour especially on slopes less 15
degrees. Aerial coverage are 70705(13/14) and 70705(12/y13)
respectively.
Point 9: Located on a lateritic capped residual (Area II of
the university). surface wash and gully/stream incision have

developed Chrough time from 1970 to 1995. Presently changes
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have taken place, slopes have become with slcpe angles within
the range .of 5-25 degrees with associated gully initiation.
Gully recession was found to be on the increase. Scarp failure
and block collapse was found to be common and were attributed
to the 1lithology on the one hand and scarp material
"breakingaway" the erosion process on the other. Aerial photo
coverage are 70705(7/8) .

Point 10: Here active sheet and rill erosion were found to be
commen with intense grazing and farming activities around.
The present situation is that of stream incision and increase
riling activities. The ficld is gradually being degraded by
the increaging mismanagement of the land through poor
agricultural practices.

*Note that points 1,7,8, and 10 are open fields where animal
tramping is common; hence, the events of rill erosion and
sheet wash become active processes thereby rendering the land
into a waste land. Photo-interpretation and subsequent field
checks have revealed events of severe gully erosion over the
period of 25 years and the terrain has changed dramatically
from what it use to be.

Peoint 11: This point was at a erosicnal scarp as found on
aerial photo of the 70s coded 70705(25/26). The position of
that same point no longer exists today as the eercsional scarp
has since retreated for over a distance of about 2.35 meters
and widen in width to an area of about 15 squaremeters for the

period between 1970 and 1994. The road construction over the



79
scarp appcarxgs to have both positive and negative effects on
it, the erosicnal processes seems to have been controlled on
the one hand because of the concrete works over the scarp. But
on the other, the lack of adequate drainage channels for flood
water during times of high floods has led to further gully
incision and lateral spread down-stream, of the head-scarp.
Predominant degradation process to this day are severe gully
crosion, licad-scarp recession, and some sheet wash.
Point 12: Au at the Lime of the 65113(19/20) and 70705(6/7) .,
coverage of the area no significant changes took place.
However, now the peried of over 30 years (1965 to 1995) field
observation showed large areas dissected; for instance, the
point no .longer exist today because its position 1is now
occupied by a very deep gullies. Active stream incision
and erosional scarp recession are all clearly identified.
Acrial photo measurements of some gullies combined with field
checks wshowed an average scarp retreat of about 3.2-8.75
meters between 1970 and 1995. This point is located just
adjacent to the Center for Energy Research and Training
{CERT), A.B.U.,Zaria. Average slope angles over the
reference point werce between 10-25 degrees.
Point 13: This point lies just down-stream of the Kubanni Dam
to the (right). ©Sheet wash and rill erosions are the
characteristic. Sedentary farming activities have degraded
some of the erosional scarps to gentle sloping-flat smooth

valley side slopes or upland. Now there is a gentle gradation
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of the valley side slope from the bottom lands or "Fadama"
area. Aerial photo coverage code is 70705(5/6) .

Point 14: Located on a erosional scarp of the second stream
(up-stream) from the Air-strip of he Civil Aviation, Zaria.
Photo-interpretation of the 1965 and 1970 coupled with some
field checks, shows remarkable changes in the extent of gully
incision and vast arca of shcet erosion. The gituation today
is that the same point of reference no longer exists due

to erosion. The erosiocal scarps have been reduced greatly to
irregular shapes, and, the terrain, for most parts along the
steep slopes (»25 degrees), have been lowered into an almost
gentle (flat)-but-rough surface. The head-scarp was found to
have retreated far beyond the foot-path up to a distance of
about 0.36km over the period of 25 years. The presence of
rills on the gently-sloping terrain (6-10 degrees) is evident
along paths as can be viewed on aerial photos. Likewise, block
collapse as evident on the floors of major scarps revealed the
type of lithology commen in the area for which clayey
materials were discovered to be overlained by heavier
sandstone and conglomerates. There is a rapid degradation of
the terrain in-between the first stream just after the Air-
strip and the second stream where the point of reference is
located. The lateral spread of the gully incision of the two
stream has almost dissected the terrain from that of a smooth
rounded ridge (D22) by 1970, to the present status of a

narrow strip of dissected sharp crested one (D21). Aerial
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photo coverage have the codes 65113(22/23) and 70705(3/4).
Point 15: Highly incigsed gullies close to Ungwan Lumbayi.
There is clear evidence of active gully incision and sheet
crosion. Block collapse, and slumps are also evident. yThe
terrain can be regarded as "badlands". Most of the land have
been greatly dissected and rendered wasteful and bare. The
period of 1970-1980 saw major changes on gurface erosion,
slope retreat and scarp retreat as well. Its aerial coverage
are 70705(4/5) and 1980-054/056) .
Point 16: Sheet erosion is widespread here. Many changes have
taken place since 1980. Scme measurements of erosional scarps
on aerial photos and field checks showed some erosional scarp-
retreat of up to 3.42 meters over the period of 15 years (1980
to 1995). Aerial photo coverage code is 1980-056/058.
Point 17: Located on very steep valley side slope (>30
degrees) and along the ‘Rafin Magaji’ stream. Aerial photo
interpretation covering: 65109(43/44), 70705(2/3) and, 1980-
054/056, showed some contrasting terrain features. First, the
degrading status of the terrain through deep gully incision
and erosional scarp retreat; then the events of intense
sheet erosion and riling activities. Secondly, a diversion of
a tributary stream from the point of reference has its head
scarp about 1lkm away as of 1970 but today, the situation is
that the head- scarp has retreated over a distance of 0.8km.

Farming activities have resulted to some erosional scarp

retreat and massive sheet wash of the top-socil. Most
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discouraging is the poor farming method of farming that is
aiding severe gully activities.
Point 18: Located at the foot of the Air-strip (about 0.5km
away), has the feollowing acrial photo coverage: 65113 (22/23),
70705(3/4), and 054-056, A major gully incision of the Air-
strip 1is active at present and progressing at an alarming
rate. Photo interprctation of the 1960s and '70s revealed
only the impact of severe sheet and rill ercosion and the
presence of wvegetal cover which has since been removed or
reduced. The presence of rills and subsequent stream incision
is attribt}tcd to intense animal tramping and other land-use
activities. The 1980 aerial photo has revealed intensive
cultivation arcund the Air-strip thereby subjecting the
terrain to other form of degradation such as gully dissection
and soil creep.
Points 19; 20; and 21 were noted to shear similar terrain
characterigtics but with limited diversities. Point 19 (1980-
054/056) is located at the erosional head-scarp of
Ungwan Rafin Magaji, at the foot of the Kufena Hills. Point 20
(1980- 056/058) lies on a smooth gently-sloping valley slopes
at the foot of the Kufena Hills the point was located close to
a erosional head-scarp; while point 21 (1980-056/058) is
located at foot of the Kubanni hills. Field investigation and
phot interpretation revealed some remarkable changes in the
rate of sheet and rill erosion in terms of their widespread

nature (up to 158q metres or cven 30sg metres in some cases),
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for the period of between 1980 and 1994. The light tone of the
photographs scattered all over the place is an indication of
widespread sheet wash. Intengive land-use today is a major
threat to LChe gtability of the slopes Bello (1973). The
terrain has since been reduced to an incised valley-wall and
continuous erosive processes are on the increase, more
especially on point 19; whereas sheet wash is the dominant
process of degradation on point 20. Presence of many streams
from the Kufena hills results to severe runoff over the
terrain. On peint 21, the predominant degradation processes
are sheet-wash and rill erosion. Over the period cf 15 years
the terrain has changed immensely as massive crosion of the
top-s80il has rendered the terrain bare and almost wasteful.
Fresh erosicnal surfaces can easily be seen from photographs
as light-tone and are bared in most cases.

Point 22: The surrounding area revealed some changes in the
terrain especially of the slope gradient as cbserved from the
1974 and 1980 photos and the present day. The period between
the ‘708 and "808 saw glight tonal changes which indicated
surface erosion as the vegetation cover was removed through
over grazing and/or bush burning. Photo-interpretation of the
1974 series revealed an average slope gradient ranging between
15=25 deg{ees for most moderately steep valley-slopes.
However, recent field checks (1995) of the same spot revealed
the following: (i) that the slopes have been degraded

immensely through stream incision and (i1i) the slope gradient
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ranges between 20-35 degrees. Aerial photo coverage codes are
74194 (145/146) and 054-056.
Point 23: Located almost directly across point 22 but on the
other side of the river, was on a steep valley slopes as
viewed from the 1580 photos. The valley below the point was
then not so active and some forms of farming was going on
then. The present condition of the terrain as analysed during
field checks revealed great changes in terms of the rate of
dissection of the topography by gullying. The valley slopes
have been rendered wasteful by intense stream incision and
sheet erosion. The valley sides slopes have been observed to
be undergoing active gqullying and erosional scarp retreat.
Aerial photo coverage are 74194 (145/146) and 054/056.
Point 24: Located down-stream of the Hanwa settlements when
viewed from the 1980 photos, the point was on valley slopes
which no longer exist. The settlement and its activities has
greatly distorted the topography of the area. The valley and
stream channel has been reduced to a narrow one of just about
1.5 meters wide from its former width of about 4.3 meters as
interpreted from the 1980 photographs. Aerial photo coverage
codes are- 74194 (144/145) and 054-056. Slope measurements

showed an average slope gradient of between 12-36 degrees.

Point 25; 26; and 27 are located respectively as follows;
first, point 25 (74194-145/146) is located about 1km just

before the Forest Reserve at Tukur-Tukur village; whereas
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point 26 (74194-145/146) and 054-065, lies at a confluence of
two head gtreams just before the Forest Reserves at Tukur-
Tukur. Point 27 (74194-145/146) is located to the south of
Tukur-Tukur and adjacent to the Gaskiya Corporation showed
little degradation of the terrain as viewed from the photos
All three point bears similar characteristics. The 1980 photo-
interprctqtion showed a gently sloping smooth topography with
intensive cultivation of the surroundings up to 70m radius on
the average. The smooth-surface topography indicated limited
dissection of the terrain. However, the terrain conditicon
today has revealed great topographical changes; the surfaces
are rough, highly dissected, bare and, removal cf top soil by
severe sheet wash and riling. Deep gully incision and its head
scarp retreat of about 3.6 meters (between 1980 and 1995) were
measured. Two erosion surfaces (old surfaces) were identified
from points 25 and 26. Measurement of the present erosional
scarps retreat for most of them were approximated at about 3.6
meters on the average. Evidence of the rate of dissection can
be seen from the construction works on the road as a culvert
had to be constructed to channel overland flow (runoff) during
wet seasons. Average slope gradient was measured to range
between 6-35 degrees for point 26. The most affected slopes

(by stream incision) are those slopes less than 22 degrees.
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5.3 DISCUSSIONS:

5.3.1 Land Degradation types: lnterpretation of the aerial

photographs described in chapter 4 revealed that prominent
land degradation types that occur in the basin are erosional
in origin and complex in type. All existing and past forms of
land degradation in the basin were identified, delineated, and
classified on Stereogram. The classification was based on
aspigning of cedes to all the types of land degradation
identified; thereafter a final map of the degradation types in
the entire basin was drawn after a photo-mosaic had been
established (Figure 5.2).

A careful analysis of sgsome parameters and terrain
attributes revealed that there exists some relationships
between the attributes and occurrences of land degradation in
the basin. The types of land degradation that were identified
and mapped included:

- surface/soil wash

- rill erosion

- erogional scarps and erosional scarps of different

magnitudes

- debris fall

- creep

- slump

Mudflow
- block collapse

- "badlands" phenomenon, and
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- gully erosion
Each of these degradation types listed above were mapped
out as discussed already in section 4.5. Here, their spatial

distribution and theirevolutionary nature are brieflyn

5.2.2 Spatial Distribution of Land Degradation in the
Kubanni basgin

The spatial distribution and pattern of land degradation
in the Kubanni are influenced by certain factors at specific
locations, These fLactors arce litheology, glope, altitude,
cslope aspect, and, human activities /land uses. Figure 5.2
shows the spatial distributicn map of the forms of land
degradation in the basin. The relationship between slope
clagses, Lerrain units and degradation types are alsco
described. Point samples descriptions of land degradation

types are given in the final part of the section.

5.3.2.1. Factors of Digtribution of land degradation_in the
' Kubanni bagin

The following parameters were found to be directly and
indirectly related to the distribution of land degradation in
the basin.

(i) Lithology: Surface lithologies rather than bedrock
gealogy were found to affect the nature of land degradation of
particular locations. The use of the geological map {(Zaria
102. 8.wW.) and relevant texts assisted the air-photo

interpretation in determining the lithologies of the terrain
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units. Most common of all lithologies of the basin are sands,
silts, clays, gravel, sandstones, conglomerates, laterites.
The rate of land degradation of a particular type was found to
depend partly on the type of lithology. For instance where
surface lithologiecs are those of soft and/or unconsolidated
materials (e.g. silt, sand, gravel), the tendency for a severe
soil erosion of sheet wash, creeps or gullying to occur were
high. Most surface erosion impact were found where the soil
is loose, unconsclidated and/or bare. Field checks revealed
gseepage and sheet erosion on terrain units with clays as the

lithology.

(11) Slope: The influence of slope steepness on land
degradation occurrences was found to be prominent in the
basin. Table 6.1 clearly explains the relationships. In
general, the steeper the slope the more severe were the types
of land degradation taking place. The slope classes measured

on air photos (section 4.3.4) are grouped below:

(1) < 1 degree;
(ii) 1-5 "
(iii) 5-10 "
(iv) 10-15 "
(v) 15-25
(vi) 25-30 "

(vii) 30-35 ™
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(viii) 35-40
{(ix) 40-45 v
{x) 45 "

These slope classes were measured based on different
terrain units. It should be noted however that, slope alone
does not determine the type of land degradation that operates
within a terrain unit and neither is it a rule that all slope
with similar gradients are associated with such degradation

types.

{iii) Elevation and Slope Aspect: The distributiton of

land degradation types was observed to be associated with
altitude in the basin. This can be supported by the fact that
elevation is positively correlated with rainfall and humidity
regime of soil (Damen, 1993). The topo-sheet (Zaria 102,
S.W.) gives the elevations points of the bagsin and the use of
the parallax bar technique (section 4.2) revealed the

following elevations, i.e.

Elevation above sea level Ref. point TMU

> 2000m a.s.l. 13 F1/2
-3 %000 - 2100m a.s:1. 12 D41
> 2100 - 2200m Y 2 5D42

etc. (at intervals of 100m).
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Table 5.2: Slope Classes and Associated Land Degradation
Types

Slope Class Associated Land TMUs Degradation
Degradation Activity

e e e A A R A e e e e e e e e e e e R e e e e e A A e e W o= -

1 degree accumulation glacis
flooding, planation, F1-F4, AF very
sheet wash; active
lateral erosion.

1-5 3 sheet, rill erosion very
soil creeps, Al', 8D11-8SD33 active
5-10 " sheet, rill erosion SD11-SD12,
gully incision SD21-5D22 active
10-15 * debris slides,gully SD22-8D23 very
slumps, riling SD31-SD33 active
15-25 * gully,block slides
E slumps, debris slide 8SD31,SD41- very
SD4az active
25-30 scarp retreat, head-
scarp erosion, SD33, SDh41- very
gully SD43 active
30-35 head-scarp erosion, SD41-5D42, active
runcff, rock fall SD31
35-40 " | rock fall, scarp-
retreat, debris SD41-Sp4z2 very
slides active
40-145 " rock fall,
headword crouion, S5Da1-5D42 Very
debris slides active
45 o rock/block slides, SD41-8SD42 active

debris slides

e e o e e e e e e e e e e e e e e R e e e ke e e e e e o A e e e e e e e e A e e e e e e e e e e e =

Note: Mapped from some terrain units. The grouping the
TMUs is based on general characteristics of the
terrain measured. (Source: Field work 1995)

The aspect classes were grouped according to compass point

direction, (as: NNW, NEF, SWW, etc). It was discovered that
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there were intensive gully erosion on the lower elevaticns,
sheet wash-and rill erosion intensifying on midslopes and high
elevations. The sun-facing (face slopes) were subjected to
severe degradation of the gullying and erosgsional and sheet

wash types than the ’'back slopes’.

(iv) Human Activities and impact: In addition te natural

factors is the influence of man. Man’s influences upon the
terrain in the basin ranges from construction, agricultural,
fuel-wood felling and animal grazing to sand gravel mining in
the valley bottom. It was cbserved on aerial photographs how
man’s influenced and accelerated the rate of occurrence
occurrence of different types of land degradation. For
instance, deep gullying was observed to occur on terrain units
where man has dug ditches earth movement/sand mining or
cleared the land for farming (especially on hill-slopes and
valley side slopes). Sheet wash and rill erosion were observed
to occur where the vegetation cover have been greatly stripped
off. Indeed, where urban settlement encroached on rural
fringes land degradation was intense in form of deep gullying

and erosion scarps.



CHAPTER 6

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The study aim, i,e. application of the use of
aerialphotographs and related geoinformatice data such as maps
and other relevant texts has been achieved. The types of land
degradation identified clasgified and mapped were complex
erosion formg (i.e. gullies, rills, sheet erosion, debris
falls, Dblock collapse, slumps, badlands features, and
erosional scarps). A spatial distribution map of the types of
land degradation and the generalized classification map of the
terrain units (TMUs) were prepared (Figures 6.1 and 6.2
respectively) .

Terrain unit analysis and the classification of the types of
land degradation reguires the compilation of various terrain
attributes. This was used to predict terrain properties at
sites not visited but observed on air photos to having similar
characteriastics and qualities as gscen were sampled elsewhere,
The assumptions were based on the following as put by W a y
(1973), and 0Ollier{1977); that

-every site belongs to a terrain class,

-the user can identify the terrain class at cvery site,

-all sites within one terrain are sufficiently similar so that
it is reasonable to predict terrain conditions of all from

observations of a few. The genesis of the terrain features was
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found to be related to a number of factors namely: geology,
structure, climate and the influence by man (past and
present) .
The study alse revealed that major factors responsible for
land degradation in the bagin were largely due to land usec
gystems (bush burning, grazing cultivation methods, fuel-wood
cutting), and hydrometeorological factors. It was discovered
that the severity of one form of degradation or the other
depended upon the intensity of land use type as well as the
surface lithology of the soil. For instant, in areas (such as
points 20 and 21) where the surface materials were those of
loosed and unconsolidated soils and being subjected into
intensive cultivation or grazing, the tendency for severc
rilling and even gullying erosion was high. Man’'s agricultural
practices and urban construction works and sprawling were
found to have exacerbated the nature and intensity of land
degradation especially on the fringes of rural areas (Table
6.1). A relationship was found to exist between land use and
morphological units (Table 6.2). Major erosional scarps were
observed to be bare and unvegetated land areas. While badlands
features found to be common on valley side slopes and
hillslopes. An increase of about 3.24% in rural land use was
noted between the period 1980 and 1989 (Table 6.3). This shows
a decline of the same amount in urban land use over the
period. However, between 1989 and 1995, a reversal phenomenon

was the case as there was an increase of about 5.75% in the
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urban land use within a period of just 7 years. Thus, results
of the 1989 and field inspection in 1995 clearly revealed the
effects of urban sprawling upon incease in gqully erosion.
Photo-interpretation of the 1980 photos and field inspection
in 1995 also proved the impact of urban land use on the
terrain.

Interpretation of the 1980 air-photos and field inspection in
1995, revéaled massive gully headscarp encroachment along
closely settled areas of the basin. This phenomenon was found
to be common around the Kudingi, Ungwan Dan-Magaji, Samaru,
and the Shika suburbs. The existence of rills in most parts of
the basin was found to be attributed to the farming pattern on
the one hand and on the other due to animal trampling.
Stripping of vegetation resulting from such land use types
exposes the land to direct heating effects of the sun,
raindrops impact and runoff. Man'’s construction and mining
activities was ‘observed to contribute immensely to erosional
headscarp retreat and deep gully incision especially in the
Samaru, Tukur-Tukur,Kudingi, and the College of Agriculture
settlements. Land degradation triggered by agricultural
practices wag common but appeared to be more in areas with
marked by @pecific 1lithologies such as clay, hence
characterised by cracking. They are particularly widespread in
densely settled, and intensely weathered soils where prolonged
excessive land-use has destroyed vegetation, exposing deep,

highly erodible soils.
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Table 6.1 Land use types and associated types of land degradation
in the Kubanni basin.
Land use Processes Types of Activity
degradation level
Farming runoff , sheetwash | gullies, sheet very active
qullying erosion,riils,
erosional
scarps, 'badland
s
Fadama runcff, sedimenta | rills, active
-tion floedplain
badlands

gullies slumps

gulling

erosion scarps

Fallowing sheetwash runoff | rills, sheet- less active
erosion

Grazing riling rills, sheet- very active
erosion,qullies
crosion scarps

Residential runoff, sheetwash | gullies, very active

Commercial

P

sheetwash, runoff

rills, sheet

erosion

active

Source:

Field work,

1995/56.
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Table 6.2 Reletionship between land uses and physiography in
the Kubanni basin.

Physicgraphy Land use gvystem
i 18 Major gcarps barren land
2 Hillslopes barren, sparsely vegetated
3. valley walopes gparge to denge vegetation,
grazing, some cultivation
4, River terraces cultivated, vegetated, grazing
5, Flood plains cultivation, grazing

Source: Field work, 1995/96.

Table 6.3 Land use categories in the Kubanni basin (1965 to
1995)

Land use (%) *1965 *w1974 **%]1980 +1989 ++1995
Rural 53.24 8.21 75,23 78.47 62.22

Urban 06.74 1).75% 24 .77 21.53 S7.28

Note:

*1965 Air-photo interpretation estimates

**1974 Air-photo interpretation estimates

**%]1980 Air-photo interpretation estimates

+1989 Results from field measurements {after Makeri,1l989)

++1995 Results from field inspection estimates (research
skudy)

Source: Field work ,1995/96.

Little cffort has been made to combat the severity of
land degradation in the basin, some of which are
afforestation, fallowing, and construction of some drainage
systems. These attempts have yielded limited success. A better
approach probably would be to re-vegetate the slopes with
scrub vegetation which will at least ensure reasonable ground

cover and may provide a first step toward eventual
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afforestation. This idea has been applied in the Agri-River

basin of Basilicata, Italy and found to be quite effective
(Soeters, 1993). One other method that can contrel land
degradation in the basin is by ‘re-grading’ the some of the
areas already incised by gullies including those susceptible
to over land flow. This method though can be quite expensive.
Lastly since it has been noted that man’s activities has
exacerbated land degradation problems in the basin, then the
first step to take should be to check such land use pattern
that threatens the stability of the terrain.

In conclusion, the use of air-photos in mapping land
degradation types over the Kubanni basin was a difficult
process indeed. First, lack of up-to-date air photos
especially those of the 1995058 made comparison almost
impossible since what was available were those of the 1960s,
19708 and 1980s. As such some form of partial field inspection
had to be carried out for updating of of the present terrain
characteristics which could have been achieved within a short
time in the laboratory if air photos of the 19908 were
available. Next was the lack of ‘'good’ and adequate
photogrammetry equipment such as the electrified mirror
stereoscopes and overlays which made interpretation so labour
intensive and tideous too. The lack of ’digitizers’ and
computer aided photo-interpreter was another aspect of the
problems encountered; for the availability of these equipments

would have ease the photo-interpretation as well as ecffecting



much level of accuracy.

The use of air photos should be encouraged as this forms
one of thc.simplcst Lechniques of quick and accurate large
scale mapping available even in this age of satellite
technology. Satellite images are only available and useful for
small scales mapping as they arc taken from far distances in
space. Bffort should be made to carry out air coverage of the
terrain at lecast once in every five year period. By this it is
possible to clearly monitor genue land degradation processes

that encroaches daily due to man’s economic activities.
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APPENDIX A

Sample and Reference Points and their Photo Coverage

Reference Point Photo Series Reference No.
1 and 2 65113 13 - 14
70705 1¢ - 11
3 65113 14 - 15
4 70705 0 = 11
65209 Bl - 52
5 and 6 70705 1- - 11
65113 16 - 17
7 70705 22 = 23
8 70705 13 - 14
9 70705 12 - %3
1C 70705 7 - 8
11 70705 13 - 14
12 70705 25 - 26
65113 19 - 20
13 707705 6 - 7
14 70705 5 ~ 6
65113 22 -~ 23
15 70705 3 ~ 4
70705 4 - 5
16 1980 054 - 056
A | 1980 056 - 058
65109 43 - 44
70705 pr R 3
18 1980 054 - 056
65113 22 ~ 23
70705 3 =~ 4
19 1980 054 - 056
20 and 21 1980 054 -~ 056
22 and 23 1980 056 - 058
74194 145 - 146
24 1980 0b4 - 056
25, 26 and 27 74194 145 - 146
1980 0b4 - 056
74194 145 - 146

1980 054 - 056
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APPENDIX B

Aerial Photo Coverage of the Stereo-triplets

Figure

Triplet
No.

4.7a

Photo Photo Aerial
Series Type Coverage

70705-3/5 Pan(B/W) Ung.Mal.Tsofo,Mako,

Lumbyaiyi, etc.

70705-5/77 i Ung.Dan Mako,
Kubanni Dam and
surroundings

70705-22/24 L Samaru Village

Gully, A.B.U.
{Vet .Med., Dan Fodio
Hall, etc.)

65109-48/50 w Ung.Maigamo,
Upstream Kubanni

65109-50/52 " Kudingi gully and
surrounding

1980-054/058 L Kufena Rocks,

Aviation Run-way,
Forest Reserves

74194-44/46 " Tukur-Tukur Village,
Gaskiya, Sabon-Gari.



