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ABSTRACT

Research reports have swessed the utility of
remote sensing for the scruisition of baslic landuse data,

Aerial photographs at 1:25.000 nominal. scales
ware ugsed to acquirce landuse data of Kajuru S. W and
SeZe in Southern Zaria {Kaduna State). A landuse
clossificotion developed by Field in 1585 was employed
to provide the spatial distribution of landuse over the
area. Landuse was samplesd by dot grids and recorded
on ndcro-computer files.

Land system/land facet classification was also
enployed to provide automatleally the pattern of landuse
in relation to the physiognomic features which were
readily recognisable in the vertical plane from the
stereo models. Analysis re.. . _d correlations between

slope and landuse.
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CIHAPTER ONE

LiTRODUCTTCN

B .

AbtEoduction

Landuse informaticn is one of the most
esnoutial tools for the economic, social and
poiitical growth of any one nation. The various
professionals that stand to benefit from landuse
data include towm planners, enginezrs, resource
nanaqers, foresters, geccraphers ', But all
Bireso nrofessional fields have tendod to neglect
the vealth of informations that are contained
in acrial photographs and depend extensively
on the range of readily available maps and plans
obbtainahle from various survey department. There
is therefore, inadequate relevant landuse
infornations Consequently planning is rendered
a dilfficult taska

In Nigeria, the method that has generally
been in use for the collection of landuse informe
ation data is the ground based method which is
elowy time - consuming and expensive.
wroruaately, alot of researches in North America
and Jurope have demonstrated that remote
sensing has a great potential to provide a coste
e’fective timely and effective information on

lancluse {changes)", (Adeniyi, 1980).



itomotely senced irmoory ia taken to
inciude satellite imagery, high level photography
an! the more conventional lower level photography
ac mediun scaless In a forward to the NAS
repart on the remote sensing projects for
doveloping countries, Clecveland (1977) noted
that the exporience with the use of remote
sensing as an ald in resource nanagement in
develoning countries is still scant that most
of thelr judgenents have been based on evidence
fron pPracticel applications in the United States.
In Nigeria, the application of remote
sensing for landuse data acquisition is very
scanty until now, almost all aerial photographa
flovm have heen purely for topographic map
nroduction using photogrammetic techniques.
Wihiis material (aerial photoqgo-aphs) is archived
arter use, and still containsg a vealth of
inforunikion on vegetation snd landuse which has
1ot beon transferred to tha topographic maps
pracuced from it (Field & Collinz, 1986),
ticaiwiille, there is alwnys the denand for the
conduat of ground surveys c<ad inventories of
the nation's natural resources. BRut develop-
merts and redevelopnent plana cu’d be based
on accurate and up to gate 1foomation obtained
periodically fror landuse data obtained from

serial photoqgraphs.
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- 3

sackground of the Projact

e

The collection and agsesgment of landuse
Information involves firstly, the recognition
and ldentification of swface formsa, structures
anvl procoessas socondly, recording and assessing
thelr spatial and temporal distributions and
thirdly, analysing the nature, cause and effects
vl Ay slgnificant relationship. We have
already notad that the ceollection of land
resourees lnformations by ground based methods
i slow, difficult and relatively sxpensive,
particularly in Nigeria where the capital and
technology is inadequate. And in mogt developing
countries, many important development schenes
are crmbarked upor. with inadequste or no resource
infornation available. 3uch schemes often fail
and subdseguently retared development and eceate
new problems and unnecessary costs. As such
thare is a need for a quick, regular, relatively
cheap and reliable means of collecting essential
resource information within the limits set by
tecinical manpower and capital constraints,

Juch surveys must be designed in a way that
accurata data collection and evaluation minimises
the rislz of wrong de¢istons while at the same
tine capable of execcution within

reonsotiable time and cost. In the remote sensing

nethods of gollecting and assesing land surface



information some of these requirements are

satisfied.

1‘2'1'95139f1399 Objective of the Project

From the above obscrvations, it can be
scen that the acquisition of landuse data is
very diportant for effective planning. In the
wordis of Fnmott, “the importance of the availa=
Lility of landuse data as an integral part of
an iuformation system for planning is almost
ilonacle' (Smmott, 1980). The object of this
project tharefore is tos
a) describe and explain
how to employ simple
interpretation techniques
using aerial photographs and
computer methods to acquire basic
landuse data which can provide
‘an efficient means for the
Measurement, storage and representa-
tion of landuse data"
(Emmott, 1981),

b)  show that the wealth of
Informations "archivedv
awvay in aerial photographs
could be harnesued and

cheaply too, and could be
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suificient enough for all

planning purposes.

sccording to Phillipson (1980),

4“1l the aerial photography is

avallable, the expense of

accuiring ardd analysing other

foriis of remote sensing may

not be justified” moreso in a

Jeveloving and debt ridden nation

lite MHgeriae.
c) the landuse data generated and

naps produced could provide

culdelines for further indepth

study of the area, and also serve

as a1 "data bank" which would be

relevant for researchers and

planners on the study area.

1s2¢2 Source of Lata
“he primary source of data is medium scale

hlach: and white vertical acrial photographs
flowm: in 1972 by Kentings /Africa Resource Services.
Others include topographical maps at 1:50,000
and 1:100,000 scales of the test arecaj;
deolouical maps at 1:250,00C0 scale of the test
area, wirublished thesis and reports, seminar

napars and relevant testbooks,
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CHAPTER _TUO

REVIEW OF TITERATURE

O
- - — -

Ae Study Area

L

Whe study area is -overed by the
vaclonal wap series of Hiceria 1:50,000, sheet
140 3ule and part of sheet 145 S.W. Kajuru. It
Lo npoacoxlately a rectangular area bounded by
toncitudes 7°41'E and 8°00+1 and latitudes 10°00'u
ant 1074519, It has an approximate area of
1961, anekme  The boundaries (for analysis) are

nrovesr ollghtly modified because of lack of
adecquate phetographic coverage.

“he climate of the area is marked by 5-6
montheg of growing season followed by a severe
dr; meazon between the months of October and
Aorll, when growth is reduced te a minimum,
The ares generally falls within the Horthern
Gu/nea Savanna (LR)C, 1979)e The mean annual
rainfall is about 1700 mm, The activities of
ma: In the arca over the centuwries have succeceded
in woeddiving much of the vegetation so that most
of the prescnt plants consist of regrowth speciec
{Llair ot al, 1977).

The relief and drainage of the arca comprise

wracts of airost level to gently undulating



1igntl s disgacted land, broken in places by
groups of roeky hills and inselbergs. Much
of the arvea lies between 200m and 30Cm above
the sucrounding land. The highest peak occours
in the central part of the sheet 145 S5.E. where
Toi i1 attains almost 1000m above surrounding
lande  the drainages is predominantly tributaries
of the river Sarkin Pawa which in itself 1s a
tribuntary of river Kaduna. Down cutting by
rivers is nost active in the central and South
Wasora parts giving rise to wide valleys and
extensive flood plains (fadamas). Gullying by
ephaiicral streams also occurs in many small
arcae throughout the study areas

‘he geology of the entire area is underlain
by a complex of igneous and metamorphric rocks
of na!nly Jurassic to precambrian age (op cit).
e only recent sedinents consist of colluvial
an' alluvial deposite, The basement complex rocks
arce cssentlally granites, gneisses, migmatities,
schicts and quartzites. The quartzites commonly
orcaur as linear ridges, while the granites and
gnoiznes occur as inselbergs and undifferentiated
nlains (LWDC, 1¢72).

The soll can generally be described as

heing roderate to good physical fortility
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inciuding the flood plain soils.

Population density is virtually low, since
no major selttlement is found in the arca,
excopt for sevaral railway sub-stations. “Ho
marizet villages have developed over the last
20 years" (Field and Collins, 1986), Communica-
clog e generally poor; the major
cortay cetions being the Kaduna - Kachia highway
al the “ndvna - Kafanchan railway line which
traverses almost through the middle of the study
area, '"but there has been a certain amount of
road improvement recently which has improved

accessibility" (op cit),

“Tis test area was selected because of the

follouing reasons;

(1) availability of black and white
vertical aerial photographic

coverage for 1972 (1:25,000).

(ii) the mrea is situated within
the Northern Guinea Savanna
not too far to the North to
include Sudan and Sahel savanna
nor toc far to the South to
includ= the Southern Guinca

savanna and forests. This could



be said to be a fair representa-
tion of a savanna region, thus
allowing for a limited generalisa-
tion.

(iiji) there are several farming systems
practiced in the area. This has
bern as a result of its climate and
terraine The possibility of this to
have considerable influcnce on the
landscape could be interesting to

investigate.

(iv) with the area's close proximity
to the ever expanding city of
Kaduna, landuse informations would
be of immense benefit when planning
is to be made for the area.

262 The Landuse (lassification Scheme

——— S . -

Clawson and Stewart {1965) defines landuse
as 'manty activities on land which are directly
related to the land". Anderson et al, (1976)
however stated that the widely accepted opinion
about laiviuse is “the present use of land, and
that this definition is recognised as significant
for plawming and management processess. Another

concept vhich i1s closely related to and often
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uged interchangeably witiy landuse is
“1 adecover’”, “wurley, (1961) define landcover
s Yithe vegetational and artificial construc-

tion covering the land surface.’

In developing countries, and indeed the
vnole world, there is ne ideal and universally
necoptzd landuse classification schemes This
in rore critical in Migeria where there is a
seneral lacc of landuse maps and landuse data.
Thercfore, it ia only pertinent on the part of
the interpreter to adopt or formulate a
clascification system that would suit his
surnosce  "There 1s no ideal classification of
landuse and landcover, and it is unlikely that
ona could be developed « « « Dach classifica-
tion is made o suit the needs of the user « « o
“Anderson, et al (1976). Two basic requirements
must hovever De met if one decides on formulating
o daggification system. These include:

o) making everv effort to provide
compatibility with other

clagsification systems being used hy

variocus agencics involved in landuse

inventory and mapping.

5% the classification should be

applicable over extensive areas.



All classification schemes for medium
scale pliotographs, Grigg, (1976) recomnends,
siould have three major attributes:

i) viven names to categories by
sinply using accepted terminologies;
iL) enable informations to be
transnitted;
iid) allows inductive generalization to
ba mado.
Ahind and Hudson, (1980) stated that
a landuze classification must consist of a
muber of classes "which are mutually exclusive
an! wiilch together cover all the categories of
landuse lilkely %0 e encounteredv, This then
inplies that each of the classes mast be
clLewly defined and the critoria used - whether
form or function -~ be the same throughout the
ACNCNG

The qeographical location as well as the
scale of photography of an area also helps in
ihe design of a classification schemes This
o ounoctant because of difficulties encountered
in intermreting functions or even forms of
gowdve  For instance, it is not uncommon that
sole open noneurban land can be misclassified as

RASHIM 1ERm b

AHMADG B¢ LISRapy
ZAR(A, Nll‘»t'i'e'ﬁa[f UNIVERS T
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faemlande

Another important aspect of classification
ia that “it is desirable that cach class should
contain a reasonabls percentage of the area to
be viewed &+ o« ", Mield and CTollins, (1986}.

Land - Lystem Classification Scheme

he geclogy, landforms, soil and drainage
mostem are the inherent features of landscape
¢ ot dicigle the consequent landuse types.
I know that land surface at one location an!
tine is the ond product of the processes of
landfurw formation, the development of surface
o pube-surface drainage systen, soil formation,
and the occupation and modificaticn of
habilant by the biosphere. Therefore several
land characteristics are very imvortant in the
ocvantial use of land but most of these are not
ciroctiy visible and iduntifiable ON acrial
ahetomrapnss  Wowever, as surface and sub-
sunfaeo characteristics of land are genctically
relatad, ik is possible to build up correlations
av !t male decisions on the nature of the sub-
surfoc: characteristics, provided that the
reletionsnin 1s understood, These can be
vahif wredd thorough land--system analyses techniques
developed i Christian and Steward (1253) of
ti:ic Comnonwealth Sciontific and Industrial

Nescorch (rganisation (Australia)e This is based
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on Lihwe Ffact thet land surface of uniform land-
forur, aolls and vegetation throughout its
cibent yropresent a  distinetive type of environ-
neirl, ind at each of its occurances. It will
provice sinilar range of habitat for man, plants
and cnimals, A land system would consist of
land nits which are sub-divided into mappable
widtes of land facets. "“Areas or group of

areaz of reoccuring patterns of topography, soils
arvt vevetation are known as a land systen” {op
citle A chanage in this pattern determines the
bouncary of a land systen. “Tierefore, in a
mappable unit of landgcape the land facet will
have simdlar possibilities and problems for
lanviuces

the establishment of land system boundarics

Jenenrlg unon mapping the boundaries of different
Londforus using acrial photographs. These
noundaries coincidce with the break in slope
vhic: is easy to recognise on medium scale aerial
phovooraphs, because of the exaggerated
Loprassion of relisf and overall view the photo-
araylis glve when viewed stereoscopicallve. The
s 1l snd vegetation typos asscociated with a
varticular landform will cften have a
Jistincilve texbtural and tonal pattern on aerial
photographs, which together with other features

sudii a3 the absence or presence and the extent
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of erosion, the amount of land surface covered

ivs hare rock and areas liable to waterlogging or

flocding will give a particular landform =

distinctive pattern (easv to detect on photo).

In prineiple, the land system classification

cchan yould consist of mutually exclusive land
Treolsy that are capable of clear definition.,

e 1ond facets which re-ocor- in association

Lo Jorm a recurrine pattern indicate a land unit,

The land unike are components of a land system

vivich: are of differont cenetic factors such as

parert natorial i.e. underlying geclogy that are

reflected ir changes in soils, slopes and
reUptation.
Inace Intornretation

Lerial ohotographs record detail of

ieavwes at or above the land surface. The quality

28 Lhe photoprint is determined by the amount of

claritr of the feabtures and their expressions

doupil ot either end of the tonal range. ‘This
Lo depondent on the canera’lens, film resolution
aw w2l as the time and day of the ycar of
ni.chooraphye  thie basic parameters that are

us>! Jiroctly to identify, interpreote and mcasure
(vheihiee cquantitatively or cualitatively) the
Land Josiwes on photegraphs include the

imae shape, size; shadow, pattern, tone, texture
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and locatlon (site). 1The indirect parameters
of Interrretation involves the understanding
of the funcllonal relationships which describes the
tvne and position of an object in itgs environment,
A clear indesstandine of such relationships enables
acoarale interpretation by extrapolation. The use of
intorpretetion licys (selective, elimination or
dic wionang) also, often eascs the processes of
notointorpretation, The tonal description (rlack,
‘rev, wiite) of landuse types on black and wlite
fiosographs is not always meaningful for the
asgecsnont of dotailed separability of two or
nore Landuge typese According to Steiner, (1966),
#it in better to comnare the photographic aspect of
fields with a standard density scale and assign
che tone of cach unit to one of the damsity classes”.
In the savannan region, boundaries between
farolands can be recognised easily on acrial photo-
Jramiis, but the actual identification of crops:.is
often very difficult mainly bewause {Arms are in
snall .giwea with croppings often mixed, and the
major arops often similar such as millet and Guines.
coriae  ¥When and where mecessary the accuracy of
interpretation can be evaluated with "greound truth®
obgarvations, In gome cases also, photographs are

taiten vhen the crops are not growing.



CIIAPTER THREE

3.0 HESEATCH, MEIHODS
3.1 Iatreduction
The research procedure involves:
i) *he collection of basic materials and
equinment which include vertical aerial

vhotographs and mirror stereoscope;

ii) saspling and interpretation of the

classificd landuse classes and land facets;

1ii) cstimation of the area by dot grid
method; and
iv) recording of the values of the landuse
classes and land facets in form of coded
matrix (digital form);
v) statistical analyses of data generated

using a microcomputer.

362 laterials and Equipment

‘the aecrial photaographs used were 230mm x
230am paper prints at a medium scale of about
1:25,000, These were examined stereoscopically
with the aid of mirror stereoscope (Vild ST4 with
2 x magnification)., EBinocular of high magnifi-
cation attached to the stereoscope proved very
sultable for the interprctation which had to be

one stereo - pair at a time. Lighting equipment
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uas also used to assist the researcher to
distinguigh the various shades of the panchromatic
irares,

‘e were better optical and higher magnifi-
callon equipnent suca as the Cp1, the A7 vild Auto-
plotier etc at the disposal of the rescarcher,
hui e cualities of “better optics and higher
nagil ication vere counter balanced by the trouble
of pocting up the stereomodels', Field and Collins
(19:5) within these machines.

The. Landuse information was collected in
dlgital form and analysis was performed using
1 43 APPLE IT icrocomputer with floppy disk

and o dot metrix EPSONM printer.

T -— -

“Twere vere 52 sgtereo-pairs in all, and
the del grid method was used for the interpretation,
It was not possible to make a complete
survey of the whole arca partly because the shape
arnd size of the arca of study was dictated
Iy available acrial photographs, and partly
because one of the objects of this study was
o obtainh information on landuse with a
rindinun of expense and effort, The Dot Grids
su.ling technique is considered as such a

siarle techniques



A random sanple was at first taken form the total
stereoc-models of 52 {using random figures generated from
an electronic calculator)., This sample (6 overlaps)
about 13%.8 sq. km surface area and representing 11% of
the total area, was used for the estimation of the
thenrevical sampling errvor of the systematic point samplinge
AL range of 1,00 ha dot grids was constructed Smmx5mm apart
on an acetate templates The dots separation were
arranced in relation to the scale of photography so
that eech fell in the centre of the 1.00 ha areaj;
allowing for the normal over laps between photographs
(= G6%) and runs of photographs (+ 25%). Each of the
rectanqular model area contained 321 dots evenly
distributed in 11 rows and 21 columns, giving a total of
1326 poinls for the 6 overlaps. By reference to
corresponding photo details, a particular dot is placed
in coincidence with the principal point on the photograph.
under the Wild ST4 Mirror Stereoscope, the landuse
cazegory at each dot was recorded on a data sheet which
Indicates the position of each dot and a two - figure
numcric landuse code. Care was taken to make sure that
when the dot gricd is placed back on the photograph after
sonetime and the particular dot in coincidence with the
principal point, each other dot will fall exactly

on the same feature that it was initially.




O e averace, cach stereo - model took
aboni one howr, eXcluding the period of
merenwepion and testing, Some models took will

o onwy anur, especially at the initial stage.

e crpor estimate was carried out using

Ly meparate foroulas developed by Emmott (194’1‘11“)
)
o' ooraor (i'.'J‘JS)(") which estimate the error ot

200 eonfidence level of a given sample according

Lo 1.5 coverajge and ensitye.

(1) ® = 11‘.(13(:;-9)”

NP

(2) #% = 153,21

mo.sa

e WL = the norcentage error of one
irdividual category in relation
ta the totel area samples talen

as 1009,

= the total point samples used for the
whole area
P = Percentage area of one individual

category



a constant based on the t - distribu-

n

tion (if K = 1, E¥ is the standard
error; K = 1.96 for the confidence
1imit of 95%).
h = area size in sq. km of the class
7 dot arid density por sag. k.
The surmary of the error estimate for the sample
aren using various dot sizes can be seen in
Tnhles Je1 and 3.2. The percentace error for
the 17 classzs at various dot sizes is also
shovm in Yables 343a and b, Regarding 1.00 ha
az @ basle unit of measurement, one dot per 0.25 ha
guve an ccceptable precision for most of the
classes cncountered in the survey. EBxceptions
ase ovident however, in settlements as well as
swaame and marshes, which account for a small
surface area and could not be estimated with a

hivh cegree of precision by this method,



nsities

- ——

grid de

————

ous dot

e A . . B, -

e

4
—

v
"

ha sample area.

21 =

e — o ———

c e ma A

)

I

of Tyror Egstimate at

kK%

usiinc osimlae (1) for t

F‘I-I ab
Table

e

- — e e

-

Classification | Total points | Percentage|! Area Sq. ¥m _!m dots ) 4

P————
]

35 '

J 1]

e B I -;.L!I-I.l.lflil...l.-ﬂi.l.!...n.li!...rl...al\rl..‘l...i.llq .....-I e
.

0.00051 L4545 3 11,0 8.9 ! 7.7 .2 }
113 35 24 i 3.68 . 0.00138 o 8.0 § Tpl, 4¢6 &b m-u. b

{ 1 i
6 “ ¢
i N S ebememmam———— _ i |
“ m " m PRSI R ....u--lf.-
__u m 11 12 0.67 0.00044 b 16,7 11,81 9.6 12.3 (5.3
- - — - 5 e e g w m # .
_ .._.I t pP.lL_..- p—
” 2 ] 63 4,55 0.00233 Ta2 mo.H_ 4.1 1 3.6 ‘el
-..il — mammes @ ow ® ow s owm - - L - - -- s e P o e
i 3 13 0 .00 0.00000 Qa0 0.0 0.0 § 0.0 Y &
e e e e Tl e e e NP S e e e SR S
. i
! 21 15 1.08 0.00055 14,6 1C.5 Seb 1 75 Ll
*-O - W s . E A L 8 R e A AR et e = e | e St el o —— — elLﬁ...lll..L».l.-P.ll...lL
5 22 ! ) C.00 0.00020 0.C .0 0sC § Da Ce
G ——— e e e MRS S PRt MRt R SRR RS (R e a8 e
5 23 52 370 0.001911 7.9 545 4e6 | 4.0 Cud
4—,Ib'|l_i.|rllil.!l'..it.l..l¢l. s s e e s ——— S . I“Ill‘.ti.ll.lli’l-l..f-lllll.'n_ ..-.IL..... P SR
7 b ¢ 0.00 o.ooco, «C | Ca0 | 0.0 0.0 .~
e . o —— e — ol PR B e T T Wr!i......llil tnl..l...._l*l..!liun | e l-.lL
” &8 st “v\ru .ﬂlhn.- DIJONM. t .wol (ﬂﬂ. — r-'N m Wim.. w.ml.ﬂ
A.M)nu.ml-.lll-l,u.r:n.l 5 ea A e A . P p— = S Mau-l\l ..|l.l||._»ll.. W e s
“ - “ I_M Cm “QMIﬁO OIDMK—.HG .H.m “ M.IM M.O ~ ..H_.....r. “r.....m )
!in.\...’ — --—- o - - ms- oo - e a l.l e - I.r!i. !ll..l.lh.ltllr.l - l.pu-ll..t.
u 10 II.TD. w -_ \F_wd. HO 89 i D(mmm ' .“tm “ wlm ' Nlm " NIN .m. ﬂ.l\.a. u
P lllrilr S A M e e me S B - . - .lll-llllil..h.....:!l. lllll-l'.b - !_. PO RRa——
EE N EY) : 4 R P T A X 2.5, 16,7 Q4.5 19.2 :
b...l.llll.‘.ll- - ————a m ll-llvolol.-!ll.ll"ﬁl.. “ —— e }l,l*'.llq!l\.! .-.-.l.ll.ll.._.l‘lul.l*.l L SR - e A

e o o 8wy = s et e e m me empem e — - — !.llll.l.*nllullll?ll.il.ll...i!u

illi'li..llvinl.lllu - -

3
L
————

- =g
11.04 m 0.005€3 ! s | 32t 2.€ 2.2
- & 5 ! _ :Ifini R
10.97 | | 4 3.2} 2.6 2. d

.-.o......_.....llllil..lll-u.i. o S e S—— .

1386 " 1386 100,00 0,050

Ill e dmma s sy



-—

t grid densities

2

o — e —

annle areae.

e at various d

[

.

- 22 -

§2) fok Bie 38

ac

———— -

rror Lstima i

Ly

e 0l
Fortwl

a?.‘::-t—bu!; - -

Using

Table 3.1

ool o e

R T R e ey PR e e R
J +Classifica- : Total . Percentage Area ¢« 2 dots/ ¢ 4 6 . 8 10 .
: ¢ i ! vofnts 1 ¢ . S i ‘ . .
.“..nnn ...lﬁvo: n-._-..,....w..a.....” -..Mrulr.l \ 5Qe Kn : S5qe Km ¢ |m| . 2 \
fo1 oy o1 {12 087 ! 000044 | 1.4 746 M|m.o | 51 i 5.5 &

— : —— . g — e w s s ﬂr !4‘[! ‘ l‘mlk.r‘.!.lrlwiulloll.l.-
: 2 12 63 4,55 | 0.00233 | 4.3 ! 2.9 _ 223 ﬂ 1e2 | 1.7 !
o = - } -

-

- male s o oa R N e -— — -
L]

_ 3 13 c 0.00 C.00000 | 0.0 0.0 _ 0.0 m 0.0 |} 0.0

—— — -

- - “ el N ] - - ——— - ok e i s sm-
w:a“w Lo b ] oe 0.00055 | 0.1 6.7 | 543} &5 |30

P .“I,l - aa ..l.nJ

- whe e e -

N

m 5 | 22 0 | 0.00 0.00000 ! 0.0 0.0 | 0.0 M.o.o 00
- —— e ke !llll*l..il., - e

i
1]
¥ g 23 62 3.75 ' 0.001911 1.3 0.86 | 0.67} 0.6 { 0.5 |
rl...l...l.l.._l..nl.l!lll.llll.ll.oﬂu.lc-ltll..l-_-.llnl.‘ \*.I ‘!I]ln_-lll - l\il—lllli-lilnl.l

T

_ 0 0,00 0.00000 0.0 0.0 0.C ' 0,0 | 0.0
._Ilii.!nl..oir!ll._lllfncl“.»ivut..lhbl._..P||-ll.,\.il.l i ‘e — |lll||.lﬂl.a wl P
m ) 31 “ 52 4.47 000228 4.4 ! 2.9 2.4 8 .0 ¥ 4:T
PPN e R ———————— . s e e m— | — i —— % — - l.r.l..lnlll..l-l_.l.lli.lli’ canimd o -
v | 4 - e

9 32 F 657 27240 C.02416 1.2 0.75 0.59] Oe5 | Dad

A e w mm  m — in.l.cl..bl.rlll- e gy e diet il aemnceiingd LS SRR
w 0 & 33 | 451 \  10.89 0.00555 2.6 ' 1,75 1.4 | 1.2 | 2.0
.n.,v!n.'-llll“.lllx |L|il'm.|||.|-.l. e e e — -— I.lu-.—-llll.l.l.l.i..ilrl I.—l.l.l.lnll.tll.l.!...l_lll.-olm. -, s b
1} 3 . 4 .29 | 0.00015 9143 14.2 1.3 | 9.5 | 8.4 |
A . —— i — A ——— o (e B s m o s s - R R R A e e e e s Sk . - i — e - - - - - 4

i 22 ! 35 * 14 101 0.00051 40.5 7.0 5.5 ! 4.5 1 3.2

~ 13| 3% VOTTELTTTT T T 368 0.00183 4.9 1 3.3 | 2.6 2.2 TLe !
H e ! T TN, I A ety

—vll..l._-lr b-..l-.n.llulllil—lqlll‘l.l;.ll’-T-l‘l\ Iltl.llul...r- l;...ll-1 |—| J . - ”

P14 41 {153 11,04 j 0.00563 | 2.6 1.7 L4 1.2 § L0

S |T|-ll.!l..lll..lnvr-|.h ..... e S - -+ o m— . —— e Sgmme & e

' J L ] i M _

{45t 42 ¢ 152 | 10.97 ¢ 0,00559 | 2.6 1.7 %l { 142 m 1.0 |

i
7 IVRETI R IR SRR p) S e ke e i e S i o s & e . o . Sy g — - & W
i

1388 100.00 0.050 x 1561.96 = 100%



Tablc 3.3a

Summary of Perceniage BError for the 15 classes at various

dot densitics »or sq. cm from formula (1)

-

Dot/3q. m 5y Total Dots expected

for the whole area.
1 Gadl 1962
{ 2 . | 3924
' 4 46 7948

11772

o3}
ra
.
L

15696

e

39240
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Table 3.3b
Summary of lPercentage Decor for the 15 classes at

various dot Jensities per 8qs. cin from formulae (2)

Dot/3qe Cn £% Total Dots axpected
for the whole area
- o
2 2.1 3924
4 247 7348
6 2.1 11772
l 8 10 15696
[ 10 oG E 39240 ;
E R . —
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According to thege formulac, it was decided to
use 2 4 = roint ggldsize of Smmx Smm for the
whole sirvev and still expect a high degree of
relia ility ot 95% confidence limit.

ATter deciding on the dot grid sizes to
be used, o repeat reading was made on the initially
samrlot overlaps te determine the degree of
relichi’ity in interprotation and the amount
of aage -1tl 1rich featurcs could now be
recognisecs bout C0% of the results agreed,
with variation principally in the interpretation
of cl:isses 32 and 35 ie. Scrub and small trees,
and wvoodlan respectivelys Thils problem was taken
care of duwsind the complete survey worl: by giving
greater attention to the shape, size and location
of these classes, Other features were easily

recoqnise .

3.1 Data _A.q(;‘.i:;.l tion

3.4e1 The Landuse 'ivnes

the roesearcher had at his disposal the
clascificalion scheme developed by Field (1985) of
Kajumi arens  Before adopting it, the researcher
first cvoluated its suitability to the situation
under stvey, comparing it against other standard
classificationg, as well as satiéfying Grigg's
atbriitos meptioned above, The world Landuse

swrvey (LUL'S) classification by Avery (1977) was



\h

first rceferre: to, 7This is a scheme with nine classes
which 1s unicue only to some temperate region of the
world (S2c¢ 2oile 2.1)e Field and Collins (1986}, who
did refer Lo it observed that "classes 41, 5, & arc
difficult to apply to the extensive farming methods
with Lll-de®ined boundaries typical of savanna areas .
Anothor clossification consldered war one presented by
Anderson, =t 2l (197€). (See Table 345). But again
thase 9 elunnes classification are applicable "only
for the United Stabes”. Reference was also made to
the worl. of Prothero {1357) and LRDC {1977) which
were vorts trying to deal with the situation around
the area we are conslderinge. All these werc very
nelpful in the attenpt to understand the classification
schene to be adopted,
riolirtg classiTication (Tahle 3.6) was adopted
for the followlng reasons:
i) thke terminologles were simple and
familiar;
i1) scheme based on items that arc easily
recognisable on the photographs;
1i1)  could he broadly used in the savanna
rejions of Nigeria;
iv)  the scale of photography (1:25,000)
could not allew a convenient
classification beyond the second level;
v)  the auther of the classification was

very familiar with the study area.
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HORTL L DUST, SURVEY, CLISSTFICATION

- Gy e s e

e m—

i
i Lavel ! Landuse Type
- ----ta-* R me t S s s e - P -
| !
: 1 v hettliesents and associated non-—
! i
{ , asariculbural lands,
i 2 : Horticulture
i ]
! 3 ' “recs and other Perennial crops
: i
{ ! Cropland
. ' a)  continual and rotation cropping
’ .
» .
i ' h) Land rotation
: ."- i Jupraved Pormanent Pasture (Managed or
L]
: ! enclosed)
i
g f ‘inimproved grazing land
! a) s
} -
{ o) umised
]
; 7 tvoodland
i) lense
b))  Cpen
c) Scrub

| 1)

i
I
'
i
i
|‘_‘)
" £)
'

Swanp forests
Cut over or burnt over forest areas

forest with subsidiary cultivation

; Suamps and Marshes

Uaproductive land

- — o ——

dengree s Svery (1977}



Table 3.0
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Landuse aned  Cover Classification System

1.

A o e . -

> ..

D2

o

e —————
[#)]
o

Level T

Uirban or
bl d=up

liania

hriatthural

lana

Rangeland

Porwatlond

Water

ekl and

o B M WA o

. w

— T

e T - el

11

12

13

14

16

17

21

22

23

24

31

54

61
62 .

Lavel TX

Residential
Commercial
Industrial

Tranzsportation, Communication
and utilities.

Industrial and Commercial
complexes

Mixed Urban or builé-up land

Cther urban or built-up land

Cropland and Pasture

Crchards, groves, Vinevards,
nurseries, and ornamental
hurticultural areas.

Cofines feceding Operations

Cther agricultural land

Herbaceous rangeland

Shrubk and hrush rangeland

Mixed rangeland

Deciduocus forestland

Evergreen forestland

Mixed forestland

Streamg and canals

Lakes

Reservoirs

Bays and estuarles

Forested Metland

Non-forested wetland
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3

7. DBarrenland ry salt flats
73" Beaches
73 Sandy arceas other than beaches

74 Bare exposed rocks

75 Strip mines, quarries, and

» e——

gravel pits
76 "Transitional arcas
77 wixed barren lands
8. Tundra 81 Shrub and brush tundra
32 Herbaceous tundra

£3 Bare ground tundra

o ——— W ——

B4 Wet tundra

-

85 Mixed tundra

e R

9. FPerennlal 91 Perennial snowfields

Snou or ice 92 Glaciers.

e i S

Jources Anderson, et al (1976).

— .



Table 3.6 LANDUSE CLAGSIFICATION SCHEME
i b e gt S— .
sup |  CLASS
<4 s .-....-.........I,........,.,JI_....._.___
. : f
I 1.0 loeitlenant i 11 I Settlenents
; |
fand Acsocicted | 12, Communications
1 | i '
[} 13
N 1 fostwras ¢ 13 . Industry
' i '
2,0 Immlidvetic: : 21 | Englesed farmland (less than
| } . ¥
! : ! N 10-ha, )
H . 22 i Lnclosec farmland (greater
‘ : than 10 ha.)
i : ' 23 ' Unenclosed farmland
E I ; 241 : Tree plantation
: | | |
| 3.0 Iuncultivated | 31 | Fadama (flood plains)
t H '
! { ' 32 i Grassland it fadama)
]
i 33 | Scrub and small trees
! 34 | Swamps and marshes
i
! 35 | Woodland
i 36 | Gallery forest and Kuruni
; (rermnants of high forest)
4.0 Inrstelanﬁ 41 | Inselbergs and bare rock
l § outcrop
|
I { 42 | Rivers and lake beds.
i ! :
i st i, i i e s e . -

- 20

Source: Fleld wid Colling, (1986).

-
—— - -



The Lfoclleowing observation were however made on
the clasaificaion.
a) Ehouth !'.-w.' pinple and zlear classes definition,
the classific iion hiad no criteria which could be
deseribei as nifoom throughout. As could be observed,
categori s 2,0 and .o are based on form of object while
1o and Jai 20w Based on functions. This thereforo, fails
to comforn wit’. the conditions earlier stated. The
classificacion vus Lowaver, adopted becausce the mixed
theme situction is ofter all not haphazard;
b) in tiis research, classes 13 and 22 were not needed
at the e, since (i) there was no industrial activities
recognisc ! (not even Fleld's excavations and pits), (ii)
the area is rwral and subsistence, and no commercial
agricultur: recognised, Hven if these classes were
representad, they would definitely have been on very small
scale, and . « « emptv or nearly empty classes are a
nuisance an: o vaste of timev, Field & Collins (1986).

fox Interpretallon and analysis purposes, the
author also .dopted the compressed 5 longer categories
of the Pleld classitlication which was to facilitate the use
of compulcr, since mueric values are used. See Table

3.7 belwig

Tabl: 3.7

o _GuuP . TTTUMERIC  SUB- GROUPS
%" Setilenent 11 12 13
2. Farmnland 21 22 23
3 Grags/3crud 31 32 33 34
4 Woodland 24 35 36

Ba Barsen 41 42

- ma e s sem e P,
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3.4.2 Zhe Land] _:_;ystems

- amd b mmedie o -

e land facet cateqories developed for
lLannl segowrce analysis of central Nigeria (Kaduna
Plain) by Lennett (1977) were adopted as land

svsbon mapning units. See Table 3.8 below.

........

A R Cone:
%o, outcror and ltocky hills 01
ircn cap 02
int wfluwe crest 03
Yalletr Side Slope 04
Stnepened covex or planar lower slope 05
lowe gentle convave or planar lower slope 06
Valley h2ad 07
iarrow concave valley bottom 08
Viide congave valley bottom 09
I'lat valley botteom including local flood

nlain, 10
Perrace 13
Colluvial debris slope 12
Ridge 13

sach stereo - pair of the photographs was
oriented (model formation), and the land facets
withiin the primary sample area were interpreted,
uslng differences in relative height, changes in
foriiy nature of the surface and break in slope
or the landscape, The interpretations were recorded
in ratrix form using the code values and later

analysed by the computer.



Je443

- 32 =

Analysis Procedure

“nsic computer programmes that permitted
he user to input, store and analyse the
recorded land use and land facet informations
into & micro computer with its floppy disk and
line printer, were selected and used. The
projramics were selected mainly from
standard Llgorithmes and Basic listings by
Cookisy ek al (1932). This research involves
neither tha :eveiOpment nor writing of computer
progreesmes, but involves the selection, modifica-
tion, typing in and running the necessary
nrogranmes into the computer system.

The programme ADDATA (Appendix.ii) developed
irom algorithme 4.1, enable the researcher to
Input the coded landuse and land facet data
into the computer. This programme permitted
the input of the data in a form of an array, with
sub=routine that allows check and correction
of the data input to storage on the disc,

“he data stored in the micro-computer were
statistically analysed with basic programmes

doveloped fror standard algorithme:

i) ITLGUENCY COUNT and programmes (Appendix iifg jy)

were used to determine the total number and
vreportion of each landuse class per stereo-
models  The output was in the form of

frequency tables and histograms.



ii)

iii)

iv)

.

SIX = NUMBER SUMM.RY programme (Aippendix v)
was used to determine the total number of non-
zero models, mean, quartiles and extremes of
each landused and land facet categories in the

sample.

BIVAR Programme(Appendix v) permits the
calculation and the display of the correlation
between land use category and land facet
categories. The output is in form of tables and

histograms,

MAFPDIST and TEMFHAPDIST Programmes (Appendix vi)

permits the plotting and the spatial dot distri-

bution of each class of landuse.
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CIAPTER FOUR

R

4.0 _RESULT A'D ANALYSIS

- e w - - - e ———

4s1 The Spatial Distribution of the Landuse Types

There are variations in the proportion of
the areas covered by the different landuse
classeses The spatial distribution of the landuse
arc related to the geology and physiography of
the area of study, apart from human activities.

“Iie results obtained from photo-interpreta-
tion of the landuse types in the study area
indicate these varlations: Grassland cover
79.06% and rivers/lake beds amount to 11,11%
while communications cover 3,4% of the total
arca in model Jacob 1 (henceforth J only for

Jacob) 4y as shown in table 4.1 below:

Frecquency Table model Jl

- e -

Class Number Percentage
pomgteatioe 8 3.47
fadana 2 - .. 139
Grassland 115 79.86
Scrub/small trees i ° « 69
Yoodland 1 <69
Gallery forest 4 2.78
Rivers/lake beds 16 11.11

R = E E L R .

Padama, scrub and small trees, woodland and
gallery forest cover only a small proportion of
the total arca of this model.

The stereo model J2 (Table 4.2), 32.64% of

its area 1is covered by unenclosed farmland; 28.47%



w
wn
1

by aracslands 13 .89% by scrub and small trees;

10477 and Ga25% by wasteland as seen in the table.

Table .2 Frequency Table iodel J2
Class  Mumber  Percentage
gebtleents = 2 e
Comnunications 5 347
nenciosad farmland 47 32,64
fadama 3 2,08
Srassland 1 28447
Scrub/osmatl trees 20 13.82
Gallery foreuat 2 139
Bare rocls 15 10.42
fivers/lalic beug El 6425

It is aporwront that settlements, fadama, gallery
forest mnd of cowrse river/lake beds account for a
small proportion of the model areaa

Ine steroo nodel J3 (Tadble 4.3), 62.5% of its
area is covercd nvy grassland; 17.36% by unenclosed
farmland and 13,2¥% by scrub and small trees, communi-
cations ol rivers/lake beds account for a small

proportion of tie area of study.

Tablae #4143 I'requency Table Model J3

Clasc tlumber Percentage
Communicacions 4 2.78
Imenclos.a Formlands 25 17. 36
Grasalanl 90 62.5
Scrub/sncll Leoes 20 13.89
Rivers/l:ke Lads 5 3,47

—— — ——— W S s e mSE e 8- —— -




Starcoenodel. I (Table 444) has 52.08% of its
area coverel by r._frasslalnd, 33.33% under unenclosed
farmlandy ‘e33% under scrub ond ziall trees while 4.86%
of the area is covered by rivers and lake beds. Only

0.59 of the arca is covercd by communications.

Table 44 Frequency Table lodel J4

Clasc Number Percentage
Commintications 1 » 69
Unencloscd farmland A8 33.33
Grasslanl 75 52,08
Serub/small trecs 12 8.33
rivers/lalze bds 7 4.86

Storeomnodel J5 (Table 445) has 31.94% of its
area covaered by arassland, 20.14% by scrubs and small
trees wtlie Unencloged farmland and rock outcrops
account oy 14,57% and 13.89% regpectively. Because
of the hillv nature of the area, about 10.,42% is
covered lrr sireams and rivers, while settloments,
commundicalons, floodplains (Fadama), Gallery forests

acccunt foxr a relatively small proportion of the arca.



Table - Prequency, Table Model Jo
BTaBE oo e AR Percentags
Settlemenls 2 1,39
Commmnications S 3.47
Unenclo-=c fornland 21 14.50
Fadaia 3 2.08
Grassl.uid 46 31.94
Scrun/iad) Lredcs 29 20.124
Gallowy and 'uruni 3 2,08
rock outcrop 20 13.£9
Rivers/ia'ic beds 15 10.42

Stemcomnod ] J6 (Table 4.6), 85433% of the
area is covered by grassland, 25,60 by unencloscd
farmland, U.33% by rivers and lake beds, 3.47% by
scrub/ snall treos, while communications and flood
plains account for 1.39% each and swamps,’ Marshes and

woodland CeC09" eache

Table l4- Frequency Table Model J6

Thans o7 lNumber Percentage
L B 1,39
tnenclosed farmlandd 37 25,69
Fadama 2 1.39
Grasslamwl 84 58,33
Scrub/snall krees 5 3.47
Swanps ¥l narshos 1 «69
Voo Land 1 69
Rivers and !ae Lads 12 8433

Mo srereomncdel J7 (Table 4.7), 6245% covered

by grassland, 20.14% by scrubs and woodland, while



rivers, corunicationg, unenclosed farmlands,
gallex forcst and fadama account for less than 10% of

the total ara2a caih.

Tablc <7 Frequengy Table Model J7

Class Nunber Percentage
e Em o R W R @R a e f e el P e S -
Comrmuicationg 6 4,17
Unenclozc.. £:rmland G 4,17

Fadana 1 « €9
Grasslan! a0 G2.5
Serub nnd anall trees 29 20,141

Gallery Jorest ani

“arunt P 1439
Rivers an’ Laoke beds 10 6.94

Sceres=node J8 (Table 448) has 36,81% of its
area covered lw grassland, 22,92% by wocdland, 18.06%
by Scrmiy/small trecs and 12.5% by unenclosed farmland,
Conrunicaliong, gallery forests and rivers accound for

a snoil provortisn of the area.

Tabla &l Fredquency Table Mcxiel J3

L R e S S e e —

Numbor Percentage -

L e—
Class

comiteded® = . 3 1.39
Unenclosed Farmlarsl 18 125
Crasslan. 53 36481
Scaru nd small trees 26 16406
Vool Lanc 33 22.92

Gallews forest and rurumi 2 1.39

Plvers and Lalke bheds 10 5,94

B T T S S ———




he storeoemodel J9 (Table 4.9)¢ 37.5%
of the area is covered hby inselbergs and barcrock
outcron, 20414% by sarub/small trees, 15,97% by
grassland and 12,19% by unenclosed farmland. Communi-
cations, callery, woodland and rivers acount for

amall proportions of arca.

Table 44Y Frequency _1'_‘3-1_)3.“: Model J9

B T

B I R R

Class rumber Percentage
Communications G 4e17
Unenclagced farnland 19 13.19
Grassland 23 1a15.97
Scrub/small lrecs 29 20.14
Woodland 3 2.08
Gallery forast 2 1.39
Rock outcrop 54 37.5
Riversz and lalke beds 8 5«56

S ———— 5B

e sterco=model J10 (Table 4.10) has 46.53%
of its total area under unenclosed farmland, 21,53%
under prassland and 1G,67% under scrub and small
trecse Comwnleations, fadama, Gallery forest and

rivers accouni for a small porticn of the study arca.

Table 2410 _I-Lr_?.%gn_g__'llable Model J10

Class Number Fercentage
Comnunications % «69
Unenclos~! ‘armland 67 16453
Fadama 4 2.78
Grassland 3 21.53

Serubfoiall tress 24 16.67



- 4(.' —
Gallary Zorvst 7 4.86

Rivers 9 (9%,

B R SR 8 - - — s —

Shrreo=ncdel J11 (Table 4.11), 49.31% under
grassian’ cover, 2% under farmland {unonclosed) and
12.5% under scrub/amall trees, Settlements,
cormunicationz, woodiand, Gallery forest and rivers

acconnit for tle rest of the area,

Table .21 Ivoquency fable flodel J11

L

Class T muber | Percetsge
Settliervnt 1 «H2
Communi.ca cilons 10 694
Unencleoger Favmland a6 25
Grassland 7 49.31
Scrub/snall treos 18 12:5
Woodland 4 2.78
Gallory Jorest 1 L)

Rivers 3 2,08

——— e W A WA e e e — ———— - —

“he storoo-model J12 (Table 4.12) has 29.17%
of its arca under grassland, 25.69% under scrubland,
9. 72y 26023 Aare under unenclosed farmlarkl and
woodland recpectively, while rivers account for
11.91% “mllary forest cover 3,33%, while fadama
and rod: outarop account for a small proportion of the

arelia
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Table 4612  lvecuency ¥odel Ji2

i —— — W ———
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“lass ) Humber Percentage

- -—— .-.‘.‘!--ﬁ-.t.-lt‘--n.qlﬂ‘.—-—--ﬁ-*“-‘.-"“--b---'-ﬁd . -——— -
Copmanlienbionns 3 2.08
Unenclogosa Soxonland 14 9.72

Fadama 2 1.39
Crassland 42 29,17
Serubland 17 25459
Woodl ol 13 2,03
Gallem: forest 12 £a33

lareroek cuboron 4 2.78

Rivers 17 11,81

. . - . - B e a e e e e W i W e W —

Storeompodel J13 { fable 4.13), 34.72% of the
total axren is covered v grassland, 16.67% covered by
wnenclosed farmland ool 15.28% by scrub and snall
traoeses Tdvars and communications are 8B,33% and 7.64%
respectively while settloment, fadama, swamps, wood-
land, oaliweny and barcrock outceop account for

siiall porcicr of the arca.

Tabhle

te13  Trequency Table Model J13

Class Nummbor Parcentage

Se=tlumt 3 2.08

Comuun’.callens 11 77 6%

Unenclose. fammdand 24 16.67
Fadam 1 <69
Grassiars 50 34,72

Scrubdasma’l troees 22 15.23
Sviamivy: anl Morshes 3 2.08

WoodLayicd y 4 1806
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ol J14 (Table A.14) has 134 75% covared by
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Tarle %e15 Frequency Table Model J15

Clase o Number Percentage
Setilement 3 «69
Communication 4 275
Unenclosed fermland 44 30.56
Fadain 4 2. 76
Urasslond 41 28.47
Serul and snall trees 32 22.22

Gl lary forost aid

lurumd 5 4.17
iyore and la<ce bods 12 8,33

The sStereo=-mxleldlt (Table 4.16), has 31.25%
of its total arca covercd by grassland, 29,.86% covered
by scrub and small trees, while unenclosed farmland
account for 11,58% of the area. Rivers account for
Qe 7% oFf the total area, fadama 5.56%, while communica~
tions, mwarns and marshes and Gallery forests account

for a small rortion of the total area.

Tablo 4e1C  Frequency Table rodel J16

—— . @ B e - -

Class Mumber Percentage
Commamnications 4 2.78
Unenclosea farmland 21 14,58
Fadaa & 556
Grasslond 45 31,25
sarmly and Small treces 43 29.86
Swaps and liarshes 2 1.35
Gallery forect and Kurumi 7 4,86
ftlviears amd lake beds 14 9,72
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Stereowmodel J17 (Table 4417), 52.08% covered
by crasslond, 13,89%by rivers, while 9.03% and
7e 0 are covered by fadama and gallery forest respec-
tivelye Scrub and small trees account for 11.81%, where
as communications, unenclosed farmland and swamps
account for a small portion of the total area.

Table 4,17 Frequency Table Model J17

N

Class Number Percentage
Commicotions " 3.47
Unenclosed farmland 2 1.39
Fadamna 13 9.03
Urassland 75 52,008
Scrub and small trees 17 11.81
Swamps and ilarshes 1 0.69

Gallerv forest and
Kurued, 11 7.64

Rivers and lalke beds 20 13,89

b - -

The stereo-model J18 (Table 4,18), has 57.64%

of its arca covered by grassland, 13.,19% covered by
unenclosed farmland, 10.42% covered by barerock out-
crop, while Gallery forest account for 6.25% 2.4T%

of the total area is covered by rivers, 4.,17% by scrub
and small trees, 2,78% by fadama and 2,08% by

communications,



Tabl~ /2414  Prequency Table Model J18

e e e - ——

Class rumber Percentaage
covamicotions 3 2.08
Unenclesad farmland 19 13,19
Fadama 4 2.78
Grassland 683 57.64
scrub and small trees 6 4.17
Gl lery forest 9 fie 25
Jacce roo’s outcrop 15 10,42
Mvers 5 3,47

— — —
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Stereo-model J19 (Table 4.19), 49.31% 1s covered
by bareroclk outcrop, 24.31% by grassland, 8,33% hy
unenciosed farmland, while scrub/small trees and
vallery iorests account for 5,56% ecache Fadama and

Rivors accounmt for less than 5% of the total area each.

Table 1,12  Frequency Table Model J19

.
[§
. - -

Clacs Humbex Percentage
Inmencloced farmland 12 8.33
Parlaina 4 2.78
Grassland 35 24.31
Scrub snd small trees 8 5.56

Gallery fores ancd

Faumend (3] 556
ITuaelleras and bare

roci. outcrop 7 49,31
Rivoars and Lake beds 6 4,17

“he sterec=nadel J20 (Table 4.20) has 64.58%

of its total area covered by arassland, 15.97% covered



by scrub and small trees, £.25% covered by rivers,
5,53 covered by unenclosed farmland, while barerock
outerons, enclosed farmlands and communications

account: for the rest of the area.

‘fable %e 20 __Frequency Table Model J20

Claczs Number percentace
Comaunicntions 1 0.69
rnelogoa farnland 1 0.69
ynenclosed farmland & 52506
Crascsland 93 64.58
sepel uyxl snall trees 23 15,97

Gallery forest and

arumd 5 3.47
Bureroci: outcrop 4 2.78
rivers and lake beds 9 6.25

he Storeo-model J21 (Table 4.21) has 45.14% of
jts area under unenclosed farmlands, 25.69% under
grassland, 14,58% covered by scrub and small trees,
Wl.ile hararock outcrop account for 7.64% of the area.
pivers covere 4.17% of the area and communications,
2,09% Callery forests account for 0.69% of the area

onlye

mable 4621 _ Frequency Table Vodel J21

e

~lass tumber percentage
Comami cations 3 2.08
imenclosed farmland 65 45,14
Grassland 37 25.69

geruly and small trees 21 14. 58
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Gallery forest and

i 1 0.69
Drurerachk (}'.It(.'.r\-’i" 11 7¢ 64
Rivors 6 3217

fms me s ow PR W e—— —— -

Sterco=model J22 (Table 4,22), 46.61% of the
arca is covered by grassland, 16.67% covered by
unenclosed farmland, and 9.72% of the area covered by
sarub and small trees. Barerock cutcrop and rivers
account for 110,42% each while Gallery forests and

communicabkions account for 2,.08% each of the total area

of who fwodele
Iable de2s requency Table lModel J22 L
Class Mumber Percentage
Coseavrications 3 2.08
Uneicliused farmland 24 16.67
Grassland 70 48,61
Scrulb and small trees 14 2. 72
Gallepryv forest and

Furuni 3 2.08
Bareroch outerop 15 10.42
Nivars ond lake beds 15 10,42

I L

The stereownodel J23 (Table 4.23), 34.03% of
the area is covered by unenclosed farmlands, 31.25%
bv qgrarsland, 7.64% each by communications and rivers,
Ge 2L T+ barerock outcrops and 4.86% by scrub and small
treocse  Octtlencnts, enclosed farmlands (less than 10 ha)
Swam s and marshes, and Gallery forest and Kurumi make

up the rest of the area.



Qante 11023 Frequency Table Mode? J23

Sloge Number Pf:r(:elr"z-i:age
Settlaionts 5 3.47
Comunications 11 764
ynclogad farinlands 2 1.39
Imencloses faemlands 45 34.03
rasslad 45 31.25
Scrih and small trees 7 1.86
Juaps ane Parshes 2 1.39
Gallary forest Kurumi 3 2,08
Barerach: outcrops 9 6.25
Rivors and lale beds 11 Ta B4

“he stereo~model J24 (Table 4.21) has 35.42%
of its total area covored by grassland, 25,69% covered
e unenclosed farmland, 13.89% by communicaticns, 9.03%
bv Scrub aixd sinall trees while 4.86% and 4.17% by rivers
and birerock sutcrops respectively. Settlements cover

3,717 uhlle enclosed farmland (less than 10 ha.) and

Gallery forcsts cover .69% each.

Table 4,21 I'requency Table Hodel J24

"T';... - Number rercentage
.';-rﬁ'tll':;_'&;i '-'.ln‘{'.;; R —.-;- - .-“-.3-:;-2“ -
comatiications 20 13.89
gnclosnen Formland

{laess han 10 haj 1 Ce69
henclosed farmlend a7 25.69
Padana 3 2,03

(rausland 51 35,42
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Semls end swall trees 13 9.0
Guller: forast 1 0,69
Jareroc: uutarops 6 4.17
Rirews 7 4.86

Storco=model J25 (Table 4.25), 22,92% of its
total =@r. 2 is under grassland, 43.75% under barerock
vuberoisy 16,426 awnder rivers, 9.72 under unenclosed
foral.nd wirl 6,25% under Gallery forests and ‘uruni.
2«0 anchh s eovered by communications and scorub
and siall {rees, while settlements and fadama cover

1e 3. eacha

Palna Ze75  _Vrequency Tablc Model J25

Class umber Fercentage
sextloments 00 2 1.39
Coyinani.cacions 3 2.00
Unenclosed farmland 14 9. 72
Pacdaan 2 1.39
Gransland 33 22,92
Scrub and small irees 3 2,08
Gallery and Kurumd 9 6,25
pararoccl: outcrop 63 43,75
flvars ! lake beds 15 10.42

“he sterco~model J26 (Table 1.26), 37.5% of
£l wren is covered by grassland, 24,31% under
whienclooed farmland and 7.64% under rivers, and scrub
and snall trocs each. 2.19% of the area ic covered
b copnnications wihile B422% is under scttlements.

1 J25 of D.1s arca Ls also covered by fadama.
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tablc 2426  Frequency Table Modcl J26

B e T e e

Clzas Number Percentage
Settloencnts 12 8.33
Cos nnications 19 13.19
Unencloze! farmland 35 24.31
Fadataa 2 1.39
Giragsland 54 37.5
Scrub andg gnall trees 11 764
Rivess and lake beds 11 7.64

Ftereo-nodel J27 (Table 1.,27) has 50% of its
botal oo covered by grassland and 22.22% under
unenclosed farmlardse 14.58% of the area is also under
serulr and siall trees while 10,42 of the area 1s covered
by rivers, cowmnications, enclosed farmland (less than

10 liae ) cid fadama coveres a small portion of the arca.

. m o aa e omo-a

Class Mumber Percentage
Settlaients 1 0,69
anclosed farmlands

{(less than 10 has) 1 0.69
unenclosed farmland 32 22,22
Fadwia 2 1.3%2
Urascland 72 50.0
Serun qauid swall trees 21 11,58
Rivers and Take beds 15 10.42

‘N sterec—-model J2f {Table 4.28), grassland
accournlt for 59,72% of the total area, rivers cover

12,57 and cowmmnications cover 8.33% unenclosed farmland



and fadama cover 4.86% and 4.17% respectively, while
scrub and small trecs account for 6.94% of the total

arca, Callery forest cover only 2,08% of the area,

---------------- - e

Class Number Percentage
comwnications 12 8.33
Unenclosed farmland 7 4.86
Fadainn 6 1.17
Grassland 86 59.72
sJerub and gmall trees 10 6.94

Gallerv forost and
arami, 3 2,08

Rivers and lake beds 20 13,89

I Lk b T

The sterec—-model J29 (Table 4.29) has 51.39% of

its area covered by grassland, 10,42% covered by scrub
and small trees and 18.06% covered by unenclosed farme
lands 6425% of the area is covered by rivera and lake
beds, while 4.,17% is covered by communications.

anclosed farmland (less than 10 ha.) and Gallery forests

each account for 0.69% of the total area.

rable 2429  Frequency Table Model J29

Class Number Percentage

-t A S S A b A il -

Comtmmnications 6 4.17

nclosed farmland

(less than 10 ha,) 1 0.69
unenclosed farmland 26 18,06
Faclain 12 8,33
Grascland 74 51,35

scrub and small trees 15 10.42



Gallery forest and

Turumd 1 0.69
Wivers and lake beds G 6425

Storeo-model J30 (Table 1.30) is covered by
124 36% bharerock cutcrops,; 15.97% grassland and unenclosed
farnland each, 6.91% scrub and small trees and
convnmnications each, and 3,47% rivers and Gallery

forest caclhi. [Fadama aceount for 4.86%.

Table 4430  Frequency Table Model J30

Class Number Percentage
Counmnications 10 6,94
Unencloscd f£armlands 23 15,97
Fadana 7 1.86
Grassland 23 15,97
Scrub and small trecs 10 6094

Galloer: forcet and

1w 5 3.47
parcrocih outcrops 61 42.36
Rivers amd! lake beds S 3.47

e area covered by stereo-model J31 (Table 4,31)
ie made up of 33,33% grassland, 27,78% unenclosed farm-
lands, 11.50% barerock outcrops and 9, 72% communications.
1.397 is covered by Gallery forests and Kurumi while
samul wr! small trees, and settlements account for

0469, eachs

‘fable _’;,}ﬁi_____l—‘_tga_qt_.t_e_g_t:_\i Table Model J31

e ——

Clas. MNumber Percentage
asettlenont 1 0.69

Commu-Leations 14 9,72



tnenclosed farmland 40 27. 78
Fadana 5 3,47
“rassland a8 33,33
Scruix and small trees i 0.69

Galler forest and

Taprwad 2 1.39
Bareroci: outcro. 21 14.58
Mvere vl lase beds 12 £.,33

Lterco=model J32 (Table 4.32) has 42,36% of its
area covered ' grassland, 31.25% covered by unenclosed
farrdand, 4.06% under rivers and 3,470 under scrub and
asmall trees and communications cach. 13.19% of the
arca is covared by rocks while enclosed farmlands (less
than 10 ha.) and gallery forests cover a small portion

of tha total arca,

Table 4,32 .requency Table Model J32

Class Number Percentage
Cowunications 5 3.47

nclosed farmland

(legs than 10 ha,) 1 0,69
Unenclosed farmland 45 31.25
Grassland 61 42,36
Scrub and small trees 5 3.47

Gallory forests and

SRR YIRS | 1 0,69
ILascelbargs and barerock

onkcrops 19 13,19
ivors and lake beds 7 1.86

O R I Y - - —
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rhe stereo—-model J35 (Table 4.35), 35.42% of its
arca is covered by scrub and small trees, 23.61% is
covered » grassland, 18,75% is covercd by unenclosed
farmlane and B8¢33% is coverad by rivers. Communication

covir 7.64% while rocks account for 6e25%s

Clasc rhumber percentage
- 7.64
tnenclosed facmland 27 18.75
Grassland 34 23,61
serul and seall tress 51 35.42
[ociia 9 6425
Rivars 12 £.33

The sterec—model J36 (Table 4,36) is covered
br; Gleul)’ urassland, 13.89% rivers, 11.81% scrub and
snall trees and 7.64% unenclosed farmland. Communica-
tions, fadovwe and Gallery forests account for the rest

of the model arcas

vahle S df Frequency Table Model J36

Clascs rumber percentage
coanunications 4 2.78
Unencloned faymland 11 7. 68
Padana 1 0,68
Grassland 89 61.81
sormys and small trees 27 11.81
Gallary furests 2 1.39
Nivers 20 13.89

...... mr 1 IRRARY



storeoemodel J37 (Table 4.37) has 61.81% of its
total area covered by grassland, 18,75% covered by scrub
and amall trces and 9.72% covered by rivers, MAlso 6.25%

of the areca is coverced by communications and 3.47% by

Table <437 Frequency Table Model J37

R

Class Number Percentage
Communications 9 6.25
Grassland 89 61.81
Scrup and small trees 27 18. 75
Rocks 5 3.47
Rivers 11 9. 72

P E e A s e - ——

storeo-iiodel J33 (Table 4.38), 65.28% of the
area is under grassland, 9.72% covered by scrub and
small trees and communications cach, G«25% covered by
Gallery forest, and 3.47% covered by unenclosed farm-
lande froe plantation and settlements each occupy

0,69 of the area.

- o mee

Class Number Percentage
Setllenonts 1 0.69
Tomaunications 14 9.72
Unenclosad farmland 5 3.47
Tre lantation 1 0.69
Grasslancd 94 65.28
Scrub and small trees 14 9.72
Gallerr forests and Kurumi 6 4417

Rivers 9 6.25

e s A e R e i e e S e — — e w— —
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“he area under sterecv-=model J39 (Table 4.39) is
covered ln 52,00% grassland, 13.19% unenclosed farmland,
11,2190 merub and small trees and 7.64% communications.
Othoers are G,24% covered by rivers, 1.17% by Gallery

forests, 3.4 by rocks and 0.69% tree plantation.

Talle <437  Prequency Table Model J39

e mew mmeas 8 S osm W b ol e———— - mem e w  ——

Class Number Percentage
Commtications 11 7464
tinenclose! Farmland 19 13.19
Trece plantation 1 0.69
Grasslanc 75 52.08
3crub and small trees 17 11.81
Gallery forest and Kurumi 6 4,17
nocks 5 3.47
Rivers 10 6494

............... o — -

Sterec—-model J40 (Table 4.40) has 71.53% of its
area covered by grassland, 13,19% by rivers and 5.56%
by communications. Unenclosed farmlands cover 5.17%
of the ares, Gallery forests 2,78%, scrub and small
trees 1,397 while fadama and rocks account for 0.69%

eachie

Class Number Percentage
Commmications 8 S5« 56
tncnclosed farmland 6 417
Fadama 1 0.69

Grazsland 103 7153
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Scrub and small trees 2 1.39
Gallory sorests 4 2.78
Rocks 1 0.69
Rivers 19 13,19

> m-- - e m e m e e e e e —

e —— p— — . ® 8 W m—

linder stereo-model J41 (Table 4.41) 56,25% of
the arca 1s covered by grassland, 16.67¢by scrub and
small trecs, 972% by rivers and G.25% by unenclosed
farmlanise, <.06% by communications. Voodland account

for the rest 2,70%.

Clase Munber Percentage
Communications 5 3.47
Unenclosaed farmlands 9 6,25
Grassland 81 56.25
Scrul; and small trees 24 16,67
Woodland 4 2.78
Gallery forests and Kurumi 7 1.86
Rivers 14 9. 72

e e e o A e s S s e e —

The total area under stereo-model J42 (Table 1,12)
is covered by 16.53% grassland, 141,58% rocks, 13.19%
rivers and 9.72% scrub and small trees. 6.25% and
545G% are covered by Gallery forest and uncnclosed
farmlands respectively, and communications and fadama

cover Z.000% cach,
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Table 1,12 Prequency Table Model Ji2 o
Clasa humber rercentage
Coismmnleations 3 2.08
tinciclosed farmlands & 5456
Fadama 3 2.08
Grassland 67 46453
Scarul: ol sinall brces 14 9.72
Gallary forests S 6.25
Rocks 21 11.58
Mvers 19 13,19

The sherco-model Ji3 (Table 4.43) has 29.86%
of its awrea covered by grassland, 26.39% by unenclosed
fermlond and 13,39% by rocks and rivers each. 9.72% of
the area is under communications, 4.17% woodland while
scrun and small trees, enclosed farmland (less than
10 hae) amndl settlements cover a small portion of the

arcde

Mable s23 . Frequency Table Model J43

— e

Class Number Percentage
Sobtloment 1 D62
Communidcation 14 9,72

sneloscd facmland

(less than 10<ha, ) 1 0.69
tinenc oges farmland 38 26439
Srassland 43 29.86
Ssomab and small trees 1 0e 69
Hoadl ana 6 417
Roci:s 20 13.85
Nivors 20 13,39

------------ B R L e mm s m e B e —— i B L —————
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Under stereo=model J11 (Table 1l.:4), 37.5% of
the area is under grassland, 27.768% under rocks, 12.5%
coverad iw rivers, 11.,£1% by unenclosed farmlands and
el by sorub and small trees. Fadama and settloement

aceount for 1.39% each.

Table sl _Frequency Table Model 033 @ oo

lass Numb.r rercentage
-3-(.:'-'.-".:.]..-_'.::_1"-:-:‘;1" B -2. - “-....-1..:‘3‘9- o
Cormwunication 5 3.47
nenclosod Farmland 17 11.81
Cadana 2 1.39
Grassland 53 37.5
Scrub and small trees 6 117
Rocks A0 27.78
RMvers 18 12.5

T stereo~model J15 (Table 1.45) has 26439% of
its wrea covered by grassland, 21.31% covered by
uncnclosad farmland, 14.50% by rocks and 10.42% by
comvmunications. 7.64% of the area is under scrub and
sanll treos, 5.56% under woodland, -1.86% covered by
rivers and la17% covered by gallery forestse Fadama

and scttlement account for a small portion of the erea.

Table S.°5  Frequency Table Model J45

. e e —

Class Humber Percentage
Soettloement 1 (.69
Ccomntanication 15 10.42
tnenclogoed farmland 35 23.31
Fadama 2 1.39

Grasslaiul 36 26,39
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Scrub and small trecs 11 7e 64
toodl ane! 8 5. 56
Gallary forest and Kurumi 6 Ge 17
Rocizs 21 11.58
tdvers 7 A.86

L U A T G SR ——

W — -

The stereco-nodel J16 (Table 1,46}, 31.25% of the
area is covered by scrub and small trees, 27.08% by
grassland, 22.92% by rocks, 6.25% by rivers and 1.86%
by uncnclosed farmlands. Callery forests and communica-
tions cover 2,70% ecach and woodland account for the

rest 2.008%.

Table ta:20  Frequency Table Model J46

B

Class Number Percentage
Commmnications 4 2.78
Unencloged farmland 7 4.86
Grassland 39 27.08
Scrub and small trees 45 31.25
Hoodluml 3 2.08
Gallor farest 4 2.78
Rocks 33 22292
Pivers 9 6.25

. e e e e e . —

The arca under storeo-model J47 (Table 4.47) is
mogily covered by rocks. Infact rocks account for
69.-12 of the total arca under this model, while
uncnaelosed farnland and rivers account for 15.28% and
Te 64 respectively. Communications account for 4.17%
while woodland and grascland account for 1.39% cach. The

snall nartion of 0.69% of the area is covered by enclosed

faraland (less than 10-ha.).



Table 127 __Frequency Table Model J47

-

Class Number Percentage

— . -

Commmicaticns 6 317

Snclosed farmland

(less than 10-ha.) 1 0.69
Unencloscd farmland 22 15.28
Grassland 2 1. 39
Woodland 2 1.39
Rodlks 100 69,44
Rivers 11 7e 64

Storco=-model J48 (Table 4.48), 42.36% of
its arca is covered by grassland, 15.28% by rivers,
11537 by rocks and 9,03% by communications and
unenclesed farmlands each. Fadama covers 1.86% of
the arca mxl 2.73% is covered by scrub and small trees

while gettlemeni account for 2,08%.

Table 1,48  Freguency Table Mcdel J48

Gses — Percentage
settlemnent 3 2.08
Comsunications 13 9.03
Unenclosed farmlands 13 9.03
*acdamn 7 4.86
Grassland 61 12.36
scrub and small trees % 2.78
Roclis 21 14.58

Rivers 22 15.28

B I o
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The storeo-model J49 (Table 4.49) has 41.67%
of its wrca covered by grassland, 21.31% by rocks and
9.72% Yy rivers and communications each. 8.33% of the
area Ls covered by unenclosad farmland, 3.86% by scrub/
small trees and 0.69% by woodland and enclosed farmland

{less than 10~hg.) eacha

Table .49  Frequency Table Model J49

R

Clagss Number Percentage

T e T —_—— -

Cormunicatlons 14 G, 72

Enclosed Farmland

(Lese than ~hal) 1 0.89
Unenclaged farmland 12 8,133
Grassland 60 41,67
Scrub and emall trees 7 4,86
Yoodland 1 0.69
Roclis 35 24231
Rivers 14 9,72

S o o e Wi B e M

The area under stereco-model J50 (Table 4.50) is
basically a grassland area. Grassland account for 71.53%
of the zvea while serub/small trees and rivers/lakes
boeds cover 15,203% and 12.5% respectively. Gallery

forests account for only a small portion of the area.
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Tablc 4,50 Frequency Table Model J50

L

Class Number Percentage
Grassland 103 71.33
3cruly and small trees 22 15.28
Galloery foresgts and Kurumi 1 0.69
Rivers 18 12.50

L e e s e T L il A S—"e

Ancther basically grassland area is the area
under stoerec—model J51 (Table 2.51). drassland here
accounts for GL.53% of the total area, with woodland
accounting for 20.14%, rivers 5.5%6% and scrub 4,17,
34470 of the arca is covered by gallery forests while

0459% 12 covercd Ly fadama and communications cacha

Mfable 4,51  I'requency Table Model J51

-

Cliss thumber Parcentage
Comnunicationg 1 3,69
Fadama 1 0. 69
Grassland 23 64.58
3crub and simall trees <) 4.17
Joodland 29 20414
Gallery forests and Kurumi 5 3.47
Rivors 8 5. 56

L T T T A — ————

e area undor stereo-modeld52 (Table 4.52)
ie covored by 17.22% rocks, 43.75% grassland and 7.64%
sl arud small trees. Gallory forests and rivers

cover only g small portion of the arca,
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Tablo %52 Frequency Table Model J52

B e,

ELrass Number Percentage
Grasslan/ 63 43.75
Scrub and small trees 11 761
vallery forests and Kurumi 1 0.69
tocks 68 47,22
Rivers 1 0.69

LR E R m e R T e ———— - — -

In the final analysis therefore, settlement

occupies about 0,55% of the total area undor study,
comrmlcations 4.43%, Industries 0% and CEnclosed farmland:
(lesz than 10-hae) 0413%. Enclosed farmland (greater
than 10-iia,) covers 0%, Unenclosed farmlands 16,17%
while tree plantation occupy 0.03% of the total area,
Fadana accounts for 1.62%, grassland 42.9% and scrub

ancd guall trees 11.57. 0.13% of the total area is
covered by Swamps and marshes, 1.54% by woodland and

2.3 ' Galley forests and Kurumi. Rocks account for

=

Je59% and Sdvers 8% of the total arca under study.

(See Table 3.53).

Table “e53

- -

Suwmauty Landusc Prequency Table for the Total Area

Category Non=Zero pPercentage
Models

Settlements 107 0.55

Conmunicrtions 141 .43

Industry 0 0.00

snclosed farmland (less than

Enclosced farmland (greater
than 10=lia,. ) 0 000




unenclosed farmland 139 16.17
Tree plantation 94 0,03
Fadama 123 1.62
Grassland 141 12,9
Scrub and snall trees 127 11.57
Swamps and larshes 101 0.13
Joodland 116 1.54
Sallaxry forest and Kurumi 131 243

Tnselberars arnd barerock
outcrops 122 10.59

MUvers and lake beds 137 8,00

-------- B e s m s s A A e S R A A S e R e —— A —

Spatial distribution of some of the landuse
catagorlies can be seen in the Pigs. 4.1 = .12 below.

3.2 '.{‘_h.t.'_ s] :_a.t_:_i.ql_ .D_istribution of _‘._‘:he Land Facetls

“ron analysis, it is revealed that, 7,73% of
the total area under study is occupied by Rock outcrop
arvl rocliv hills, 1.6%% by Iron cap, 17.79% by Interfluve
crest, 23,367 by valley side slope and 8.29% by stcepened
copvest or ylanar lower slopes 4180 5.97% is occupied
by more gemtjc concave or planar lower slope, 2.55% by
valley head, 5 37% by Narrow concave valley bottom and
Ge113%) 1wy wide concave valley bottom. Flat valley bottom
inclwding local flood plain occupy 12.7% of the total
arca while terrace and Ridges does not occur 5.7% alsoc is

covered by nolluvial debris slope. (See Table 4.5%).
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Spatial Distribution of Landuse category

——— —— - —— S i,

|
L

[[— Settlements

ul

TN " 1 . F

-

-
—

. L

.l
-

- — |'.Ix‘ ‘.ll.-L( -~

Settlement.

: | F v —
P'III.L _lnlllll

T
B




"Fig. &2 Spatial Distribution of Landuse category 12— ¢ ommunications.
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Spatial Distribution of Landuse cafeqory 23 — Unenclosed Farmland

Fig. & &




Fig. 45 Spatial Distribution of Lanrduse category 21 —Fadama (floodplains)
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Spatial Ci

<tribution of Landuse category 32— Grassland (not fadama)
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Fig.4-7  Spatial Distribution of Landuse category 33 —Scrub and Small trees.
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muujoﬂmgm*zccjo: of Landuse C

— Swamps and Marshes
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- Fig. 410 Spatial Distribution of Landuse category 36— Gallery forest and kurumi
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Fig. 412 Spatfial Distribution of Landuse category 47— Rivers and Lakebeds.
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Sumary requency Table of Land Facets for the Total Area.

Land facet Non-Zero Percentage
L Es = Za = L Models =
itocl: outerop and rocky hills 116 7«73
Iron can 105 } 1.64
Interyluve orost 136 17. 79
Vallev side slope 141 23.36
Stoecpend convex or planar

lovrer slope 132 B429
More aontle concave or

planar lower slope 111 5.97
Vallevy hoad 105 2455
Narrou concsve valley bottom 109 5.37
Wide concave valley bottom 134 8.88
lat valley bottom including

local flood plain 135 12.7
Terrace 0 0.0
Colluvial debris slope 110 Ba7
Ridoes 6 0.0

3.3 ‘he Relationship of each Landuse Category with

" B e - ——

kand Facets

Landd facet as explained carlier reveals the forms
and nature of the topography of area under study. The
relative heights, changes in the degree of slopes, and
the nature of the land form surfaces has a generic
relation with the types and distribution of the land
use cacugories in the study arcas

Frow dable 2455, it can be seen that settlements
arc wogtly on Interfluve crests and valley side slope

but not on rock outcrops or areas of Iron cap. Indeed
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3645857 of the area under which settlement occur is
on interfluve crests; while 26.829% on more gentle
valley side slopcs. 7.317% are on more gentle planar
lover sleces, flat valley bottom on flood plains and
on colluvial debris slopes It is therefore apparent
thalb scittlements are chosen where agriculture is very

Vif'."’]-'.l (:Jl"“-'d .‘c“i‘_}c_ P 13) -

Table (.55  Frequency Table iodel Jacobs 1

—

Lan:d facct Humber Percentage
Rocl: outerop and rocky hills 1 2.139
Interfluve crost 15 36, 585
Valley side slope 11 26,829
Concave: planar lower slops 3 7.327

More gontle concave planar

loucr slones 1 2439
Ylode valley bottom 4 9. 756
Colluvial debris slope 3 7.317

e R R e I I

Table 1450, communications is mainly found on areas
with uniforn slopes and of low aradients. The table
reveals that they are located in areas of Interfluve
crests, nore gentle Valley side slopes and in valley

bottoms and flatlands (See also Fig. 4.14)

Tabile “«50 ¥requency Table Model Jacobs 2

N

Landuse sategory - Communications

Land facet Number Percentage
Rocl- outarop and rocky hills 16 4.62
Iron cap 4 321
Interfluve crest 86 25,90

Vallev zide glope 64 19.28



- 81 «
LANDUSE CATEGORY NO 11— SETTLEMENTS

.f.
100

10-

604

14
L andfacets

Fig. 4-13

1c;:~ LANDUSE  CATEGORY ND-12 — COMMUNICATIONS
50
B0
70

60

-y
14
Landfacets

F Fig. 4 16




= B
Conves: or planar lower slope 31 92.34

More gentle concave or rlanar

Lower 24 7.23
Vallesr head 11 3.31
Narirow concave valley bottom 15 4a52
Vicle concave valley bottom 32 9.6%
Flat valley bottom 33 9.94
Colluvial debris slope 16 e 82

The Tarmlands in the study area are mostly on
intexflvve crests {Table 4.57 and 4.58), valley side
slopes mul the (loodplains. This indicates abundoncc
of snall sclf contained farm lands that are annually
cultivated with few irrigated fadama farms.

(5¢e Pige. 4415 and 4.16)

Table 1,57 Frequency Table Model Jacobs 3

-----

Landusc wategory = Enclosed Farmland (less than 10-ha.)

Land facct Number Percentage
Interfluve crests 3 30
Valley side slope 2 20

steopened covex or plannar lower
slopc 1 10

#ide concave valley bettom 1 10

Mlat - wvallev bottom (local flood
plain) 2 20

. L L L T T
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Table .5  Frequency Table Model Jacobs 4
Landusc Category, - Unenclosed Farmland ;
Land facec Number Fercentage
Roc!: outero 41 3.39
Iron can 11 0.91
Incerfluve crest . 229 18,91
Valleyr side slope 222 18.33
Steenene ! convex or planar

lower slonc 95 7.85
More gyentle concave or planar

lower: slope 83 6485
Valley head 27 2.23
Narrow concave valley bottom 23 1.90
Vice concave valley bottom 92 7a60
Flat wvalley bottom (local

floadplain) 281 23.20
Colluvial celris slope 107 8.84

100% of trec plantatinn occurred on valley side

slope as revealed by Fige 4.17, and Table 1.59.

Table de°0-  Frequency Table Model Jacobs

-——- s me s e e o A

Landusc Category - Tree Plantation

Land facet Number Percentage
Vallev side slope 2 100

e me t e B E ® e e e e —— - - —




%, LANDUSE CATEGORY ND. 24— TREE PLANTATION
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The fadaina grassland correlates strongly with
floolnlaing Talble 4.60. It is concentrated on flat areas
near rivors/stream beds (Fige. 71.18), This then implies that
fadana lan's arc confined to arecas of even slopes and low

relief, that are scasonally water logged.

Table 00, | Vrequency Table Model Jacobs 6
Land facel Nuibor Percentage
Rock oubtcrop 11 9,09
Interfluv.: cresis 7 5.7
Valley cide slone 29 23.97
Stecpenad convest or planar

lower: oce 2 1.65
Narrow concave velley bottom 3 2,48 v
Wide concave valley bottor 13 10. 74
Flat valley bottom (flood-

plain) 49 40450
Colluvial elris slope 7 5.7

B — - s B s m om w m mew e - ——

The sroportion of areas covercd by open grassland
vegetation correlate with interfluve crests as well as
valley side s’opese This indicates that the wide open
interfluves of good soils favours growth of grass specieé.
It should slsce be noted that interfluve crests are most
suited for setilements, thus forest degradation is active.
The activitics of man against forests encourage the growth
of grasscs at the expensc of trecs. (See Table 1,61 and
also i'ire la19),

Scrublant zmall trees mainly occur on

interfluve arests and valley side slope as can be seen
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in Table 1,62 (alse Fig. 4.20). This also reveals that
romobe intcrfluve croests are mostly scrub lands while the
steen valloey side slopes that are prone to seasonal
surface crosion arce usually not cul tivated becausc of
the risl:s involved, and perhaps the availability of
alternative cultivable landss Therefore, such surfaces

are coverad with scrub vegetations and small trees.

Table -;_I.‘G.’i_ .. Frequency Table “ry_odel Jacebs 7

- —

Land Chtegory, = Gragsland

——- - - -

Lanl facet Number Percentage
Rock. outc op 103 3.21
Iron cap 26 0.6
Interfluve croest 632 19.64
Valley sido slope 916 20452

Steepencd. cenvest or planar
lower slopoe 353 1C.99

More geitle concave or

planar lover slope 229 7.13
valley heidd 119 3.7
Narrow concave valley bottom 195 6,07
Wide concave valley hottom 217 6,76
Flat valley boettom (flood

plain} 271 ],62
Colluvial dJdehris slaope 145 4451
Table ceUR . FEgquency Table Hodel Jacobs €

Landuse Catb GOry - Seruly and s:mal]. trees

Land facetl Mumber Percentage
Rock aoutcrogp 38 3.0

Tron can 12 1.0
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LANDUSE CATEGORY NO.34— SWAMPS & MARSHES
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Intecfluve crest 230 19.0
Valley sicic slope 221 18,0
Planar lower slope {convex) ae £.0

Planar lower slope (concave

gentle) 93 7.0
Valler hood "25 2.0
Valley Loltlon (narrow) 25 2.0
Valley botbon (uide) 98 8.0
Flool plain 280 23.0
Terrace: 0 0,0
Colluvial elris slope 106 9.0

Hoodlan:! cccur mainly in the flat valley bottoms,
valley side slope and wide valley bottoms. This
indicates fortile, stable and molst surfaces. (Sce Table

4,63 and {"i{.la 1221);

Table 1463 _r_i‘.c:_cn.;_c;rlg/__':l'_ablc Model Jacobs 9

-- —— s —— W

Landusc Category - ‘ioodla

———— e 8 @ 0B e S — —

Land facoct Number Percentage
Valley side sope 3 30
valley boticm (wide) 1 10
Flat valley bottom (flood

plains). 6 60

swarps and narshes mostly occur in flat valley
bottums (Ffloodplains), valley side slope and interfluve
cresin. iln indicates that such arcas arc water
pron: ond rooorveirs are available not only for

agricenlture but aiso consumption during dry seasons.

(Seo table o631 and Fig. 4422).



Table el Frogquency Table Hedel Jacobs 10

- m -

Landusc Jategors - Swamps and Marshes
- - » Chal IE R e A ehs e Wt

P T e B ot e S

Lanvi Freot

Humber

Fercentage

L T R Ty p— . e S —— S e Y mw s e w wma

Rock anterapn

Irua car
Interflov: crest
Valler =i slope

Planar louor slobe (Lteep

Convi:)

Planius Voucre slope (more
Gutizle Concave)

Valley !
Vvalley Lottt {(narvow)
Valley bottun (wide)

Mat valley Tottun (flood
plain)

Colluvisl dehris slope

15

1

1.74
1.74
29.57

22,51

7,35

3,40
6,09
10.44

6,09

13.0°

0.87

-— e % =8 s e . B R R R L R s AR S A A T — . S

ifv- gnlime forests occur mostly in the moist

arcas along rivers/streams, interfluve crests and along

valler side 2lope. (oo Table 4,65 and Fige. 4.23)

Table S Froeuency Table dodel Jacobs 11

FS e N N " e dtee e

Landusce ‘sbrcory - Gallery forests and I{uru__r.l"l‘_i

Land £hoeute

Humber

Percontaqge

- —— e - B e s e m e e m e e e e B e e ———

Rock onteros
Iron can
InterTluvre crost

Vallewr si-e slope

Planm: lowver slone (convex)

Valley hoad

14

1

10

a2

8.14
0.56
10.‘17

24,42
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Vallay boitoir (narrow) 15 8s72
Vallev bottow (wiic) 21 12.21
Flat valley lotton (flood

nlain) 33 19.19
Colluvial Aclris slope 13 7. 56

Jast rlc‘-r.!: surfacaes does not coincide with other
landuse clozzes but stand on their owns However, some
occur in the intarfluve crest areas - signifying that
ajgriculiaese mar not be the sole determinant for settloment
but poriaps defense also, It should be noted that these
arce rivcal pepulatione (See Table 4.66 and Fig. 4.24)
Rivors and streams on the other hend correlate with
vallev si‘e slopes, flat valley bottums and colluvial
debris slopes. This then means that most of these rivers
have narrow an' incised channels oxcept in arcas of

floodplains (fice Table 4,67 and Fige 4.25).

Tablc '»°G ,  Frequency Table flodel Jacobs 12

S - -

Landuse Catedory = Rocks

Land Fac:v Number Percentacge
Back oikd@ey C e ata
Iron =a. 69 84 70
Interfluve croest 95 11.986
Valley siie clope 12 5.30
Planar lower slone (convex) 2% 3.03

planar lovicr slope (more

gentl: concave) 27 341
Valley head 6 0.76
Valley bobtton (narrow) 23 2.9

Valley bottanm (wide) &) 9.1
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Flat valley bottom (£1COdplain) 41 5.17
Colluyial debris 60 757

L RN -

Landusc _ CUntegory - River: s/Streams

Land facct Number Percentage
Rock outcron 23 3.04
Iron cap 1 Qa7
Interfluve crest 45 7451
valley side slon 159 26.54
Planar lowcr slope (convex) 23 3.845

Planar louver slope (gentle

concave) . 10 1.67
valley hoead 5 U84
valley bottow (narrow) 67 11.19
Valley bottom (wide) 112 18,70
Flat vallev bottom

{ £loadplain) 132 22,04
Colluvial «ehris 22 3.67

e — . - e e s o e meE m e e e e e —— o —— T — o, o ] S—
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CHAPTER FIVE

LT

The lamhuse clossificotion scheme used has
indeo permitted the asscssment and evaluation of land
surface foatures in this part of the savannah, and this
can casily be adopted for usce in photo interpretation
in othor parts of the savannah. W“hat is very
fascine ting about the classification scheme is the
Fach that it reflects the field situations, the scale

T photography and the degree of image interpretation
and analvgis, as well as the cultural settings of the
neople such as thoir agricultural practices and their
scttlonclt pattorns.

il enployment of the basic principles of
photointorpretation which include the combination
of tonc and texture, shape, size and location of
ohject, as well as pattern was very useful in the
Interpretation of the various classes of vegetation
cover 1. the study arva. Fadama and grassland were
actually interpretated on the basis of their location
an! bexture, while shape, size and pattern werc
baslzally enployed in woodlan! an? scrub lan! inter-
pretaticns The combination of all the principles
Lelpe! in interpreting settlements and communica-
tions as well as rocks and rivers.

From the analysis, it is apparent that settle-
aente, cummunications and unenclosed farmlan's are
closcly rclated to each other. Rivers and streanms
are contin.us topooraphical features of uniform

Lone an’ <istinctive patterns.
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The railway line is quite small and narrow, anrl
ite lont gradual curves casily distinguishes it from
the ninjor roa'! an! othur transportation routes.

Under Ehe stereoscopic view of the acrial photos,
it w.s cosy to ilentify and interprete lincs of hreak
in the decrce of glose as well as the relative heights

an' fon of the land

surface.

Linel analysis of the landuse categories
ticderie that the stuly area is basically rural and
winor aragslang vegqetationse The scattared scttlements

.

sunsist on snzll lan! holdinges and have footpaths and

minoir roa s as their main transport routcge This

sitvation away not be unconnectad with man's influence on
ig environmont i,c. forest destruction, Fost land

surfaces in the area of stuly guarantees the growth

anvt foppoticon of various vegetation types, and thus the

arca Lis a potential for intensive large scale

acricultws) practices - that is vet to be exploited,

=t

ie slse to be note! that the study arca lack
alecunce ace ssibility, and perhaps this has contributed

o the areats non-exploitationa

T

Tt is nlso to be noted thet human activities
purtioen]acly settlemont and farming activities are
contsel X ne the topography. The bare rock cutcrops
av. ivon pan caprinos are barely scttled or cultivated,
pat most settlements occur at the foot or near sich
hills,. .5 comld be for Jdefencz reason, s such
the fromlon's correlate with interfluve crests, more

Teny

wla valley spide slopes and floodplains of major
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rivers such as river Sarkin Pawa, OSuch areas also
supnort alandant grasslands. The woodland correlate
si nificantly to inturfluve crests, valley side crests
an' wile valley bottoms, particularly in such arcas
wetter parts The gallery forests are mainly along the
course i the major rivers and streams,

S dot o griad method of sanpling used poermitted
sampling, interpretation anl area determination of
the londuse cotegories from a set of melium scale
acrlial photographs without prior lepiction. It also
pormitic! the neasurem:nt of the area of cach landuse
class at an accurancy level of less than or equal to
5% at 95% confidence level, and kept the level of
arror relatively constant. The interpreted landuse
categorices wore recorded on a simple data sheet, in a
form suitable for computer assisted storage, processing
anl digplays ‘The rosults obtained from this study
may be used for monitoring and comparism purposes when
a siailor stwlv of this study area is done at a later
datey

“The remote sensing method employed in the
roscorel 11l lugtrated a fast and reliable means of
sueveyino and monitoring landuse types of an area,
such as the duinea savanna region® (Abdu, 2967). Landuse
monitoring programmes by remote sensing involves the
uge of scevaral gencrations of 2¢érial photes, land-sat
imnages and othar inages of the area, including

verificationa an? accuracy assesment through field worke.
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The crecution of such programme involves the use of
appropriate andd gkilled manpower, which we earlier
mentione’ are in short supply especially in Nigeria.
Bul frem this work, it is possible to collect, analyse
avl syntiesis lantuse informations from acrial photo-
gravhss Indee we can go further to aestablish preoduct
moment corr~lations and bivariate relationships from
such infurmations, and over time, a trend of
activitics micht be revealed which would be helpful for
planting purnoses. /nd we should not forget the fact
that thoere are lots of aerial photographs in our
survey Jdeportinents today which were used for topo-
graphic mapping prejects and can be obtained cheaply
ane! easily,

"hen e advantacas of this metho! is gathered,
an.! the informations obtained are integrated with
other cernvironmental informations, they can be used to
csbalbtish and/or assess relationships and controls of
the instruecnts of development in the arca of study.

L will not hesitate therefore to say that this is one
of the technologies Nigeria necwds, cheap and easily

accessillzc, and very effoctive too.
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2-%

T8O MELT X

790 NEXT J

600 NEXT I
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JeLa0 TEAPMARDIST
JLIST

LG FES REL GRAPR{CE BRoffesnl 11

. i
20 AGHE & TEYVT . .
30 ThPUT "SELECT C&MD J5E THRE O -
Vi

PIUS BES R g
LT SEY S LY
© a0 wng

390 FEW  IRDRDERY

SO0 OHRLOT L4E,% 7O 39,5 7O 199,
1 FG 175,40 70 175,50 70 19
T,e0 TD 190,77 YD 194,77 70
SO TO Z2d 40 Ta 224,11
4 70 35,104 70 35,9% 'O 3,99
TLOAITINONST I R Al TR
19,40 701923 T8 14, R T
[d).5

SCEOREM O RAILWAT I

Y OHPLAT 19,27 7O 29,28 10 22,2
BT0OM,A00TT OIS, TR OIE,50
148,35 T 4,28 TO RO,40 TH
89,42 10 100,56 70 15,30 19
V30,80 TG L%2,82 T 143,80 TG
t45,79 1D 145,83 T0 172,38 1D
172,36 TO L€L, 28 T 135,87 7D
I14,3% TH 218,34 79 154,30

i3 M 1 ®OADR 1

FA ORFLOT 1505 TOOLSS, .z TD 1G9

w

B30 UPLOT 161,41 TD 165,42 1D 16
.50 D 167,53 T0 168,536 1D
168,45 10 172,69 1O 162,73 1B
19,78 T0 172,79 T 175,81 1D
176,79 10 195,84 TO 194,80 10
200,84 T 208,79 TO 213,86

931 HPLOT 218,36 79 274,39 T0 23
7,97

P40 HFLOT 144,8 TO 1568 70 19,
20 TD 144,20 70 144.9

950 HPLOT 22,26 TO 34,26 70 13,3
8 10 22,38 10 22,26

950 HPLGT 38,26 T0 50,26 10 50,3
370 78,38 10 38,2

7% KFLOT 60,26 10 72,26 T0 72,3
B TO 40,38 10 48,24

780 HPLOT 78,24 T0 90,26 T0 90,3
8 70 78,38 10 78,24

990 HFLOT 95,26 TO 107,26 TO 167
,38 10 95,39 10 95,24

1000 HPLDT §31,76 T8 123,26 TO }
23,38 O 141,38 TO Pit,28

© 1010 HPLOT 128,25 TO 140,24 70 |
b 40,38 10 128,78 10 126,23

1020 HPLGT 144,26 T8 134,26 T0 L

56,78 T0 148,38 TO 143,28

. 1030 WELODT 3,44 Y0 50,44
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56 8 78,9 10 12,44

1740 HPLOV 40,98 10 72,84 10 72,
56 70 40,55 10 &%, 34

1953 HPLOT 78,44 TR 92,44 T0 93,
54 T3 78,5 T0 72,44

{980 FPLOT 95,43 YO {6744 10 10
7.5 13 95,5 T2 75,44

LOT WELDT it 44 70 123,44 7D}

23,56 T2 111,56 70 111,44

WPLOT 128,44 76 140,28 10 1

40,55 0 178,56 7D 128,44

A0 HRLOT 144,348 TD 156,48 1D |
Ty 85 9 144,% T 144,04

Lrod RPLOT (60,44 TO 172,44 70 ¢
72,36 T0 145,34 70 136,44

U0 MPLET 38,63 FT 50,83 TO %,
TIOTE MR TR TALET

1120 HRLET 80,63 T8 72,43 10 72,
7910 80,75 T0 i5.4%

T30 HELDT 7E,8T 10 24,83 T2 90,
757D 79,95 18 72,83

114D HPLDT 75,63 TO 107,63 TO 10
7.7% 15 25,75 T3 75,43

LG HRLGY 131,710 §27,83 TQ 1
23,75 T2 140,75 18 138,63

Ple) WELOT 178,63 T 140,63 1O I
36,75 T8 128,75 0 128,83

1173 WRLOT 144,67 T3 156,63 10 4
S£,75 T 144,79 1O 144,83

1186 HPLGT f&0,RT 90 172,83 101
72,75 Y0 180,75 10 180,63

1190 RPLOT 175,83 10 188,43 10 !
88,75 10 175,75 T8 174,41

1700 BFLBT &8 70 12,81 10 18,8
ITC 6,33 TR £, &)

1210 WRLOT 22,81 TO 14,81 70 34,
93 70 22,93 10 22,81

1220 4FLOT 36,81 T 50,81 79 5,
93 10 33,93 10 79,81

1270 WPLOT 40,81 15 72,81 10 72,
93 10 89,53 10 0,81

1746 MFLOT 78,81 T4 90,81 TO 94,
93 10 78,93 10 74,81

(250 HPLOT 95,85 Y0 107,81 7O {0
7,33 10 95,93 10 95,81

1260 HPLOT 113,81 T0 123,81 10 |
23,93 T 111,93 10 111,81

1270 WPLOT 128,81 T0 140,81 T0 1
40,93 T0 128,03 10 128,81

1980 HPLOT 144,81 10 1%,81 70 1
Sh,?3 70 144,73 T0 144,81

§230 HPLOT 140,81 10 172,8) 10 1
72,33 10 180,73 10 140,81

L‘ia.'
LAY

Cont d

1300 HPLOT 174,81 0 188,81 10 1

88,93 10 176,53 10 176,61
1300 HPLOT (92,81 TO 706,81 70 2
64,93 10 192,93 10 192,81
1320 HPLOT 208,81 TO 220,81 10 2
20,93 0 208,93 0 208,81
1330 WPLDT 224,81 TO 23b,81 10 2
36,53 70 224,93 10 24,8
1330 WPLOT 240,81 TO 252,81 10 2

2,93 10 240,93 10 246,61
135 HPLOT 38.99 10 $9.99 TD 50,
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(30

1460

154
1580
1500

:L‘(,
-
1371
179
1572

1573

1574
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Appendix VI Cont’d

1t el
HPLDT o0 95 10
(X1

101 70 80,1

i+ 79
e -

b1 PR L
22,9 10 02,

B L
) a9

NELGT TALI9 10 99,99 1D S0,

e T TE &

HELOT 95,59 1T

ig‘q.;

117,99 13 10

7,141 79.95,350 70 95,99

-----

HPLOT 111,99 19
23,411 10 1011
4PLOT 128,58 12

123,99.10 1

e {1 S U481

140,89 10 ¢

40,141 T 128,110 1D 128,99

HPLOT 128,98 70
Sh, 111 T0 144,
HPLOT ji 50 1
T et Py padh
JoHEL T Ead
HELGT 172,99 7
33,11 T3 178,

HPOT 192,93
0411 O 192,15
KPLAT 708,59 7

W1t 10 208,10

FEY

TS
FRINT D§: 900 2°
FOR K= T2 &1

SERL £1EC

FEINT D9;°0P%:
PRINT 083 °ZEAL":
FOR 1=t 7D
FOR =132 12
IOUT €1,
NET )

HET 1

PRINT Zs:tiL =2

FoR I = ¢ 70 2
FOR J =110}
IF 1,8y = 10
PL+ 1,2 ¢4
NELT

NEXT

NECT M

L]

: 155,99 10 |

10 144,99

172,29 10 |

't 70 180,59

128,59 10 1
175,99
»ie

v

T OW4.59 10 2
C 204,59 70 2

16 157 s

RO L 4

0 203,39

FLOT THE

TR N

1

Ai

)

TWEN  HRFLOT

DATA  144,8,22,25,38,26,40
: 26,78,28,93;26,
111,25,128,26 A4
1,26,78,44,50,44,78,44,95

A8, 101,44,128, 44,1
44,44, 140 44,38,
51,80,61,78,583,95

DATA &3,110,57,128,42,144,
& 3,150,83,174,83
+6,81,22,81,3 2.8
1,59,81,78,81,95,81,111,8

1,129,881, 144,810,160

,81

DATA 17&,81,1%0,81,208,81,
224,81,240,81,38,77,60,99,78
,99,95,99,111,99,178,99, 144,
99,180,99,175,99,192,98,208,
19

1585 PRINT D#;°NOMOM C*
1599 END
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