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ABSTRACT 

Sakata-Rima River Basin supports a significant number of 

farmers (cultivators and herders) . ' Reduced rainfall in the area 

and the increase in population has placed increasing stress on 

the available land and water resources. Adequate knowledge which 

is fundamental for development planning is also scanty. 

furthermore, agriculture which is a 'vital component of the 

resource domain has received various innovations which have 

largely failed because various important physical ana economic 

variables are less understood and are 'exacerbated by lack of 

relevant data. Consequently, agricultural agencies do not know 

the extent of land under cultivation in any season/year and size 

of holding/quantity and the crops grown. 

The main aim of this project is to highlight the value of 

satellite remote sensing in mapping land systems and floodplain 

particularly impor~ant f6r dry season agriculture in the semi

arid area. A major data source for the study is LANDSAT 

mul tispectral data for both dry and wet seasons. The maps 

produced both visually and digi ta.lly (Computer assisted) . are' 

expected have immediate value for the Sokoto-Rima River Basin 

Development Authority and other relevant agencies. 

The methodology, used and results will increase awareness 

of the vital roles that remote sensing can play in the study of 

environmental and resource problems, and also demonstrates its 

importance in areas where maps are either unobtainable or . out-of-



viii 

date. At this level, satellite remote sensing has been proved 

to be the most cost effective tool for mapping terrain and 

floodplain areas. It has been seen that the system has self 

repetitive and synoptic coverage . and has come between the 

laborious and time wasting land method and the highly costly air 

photographic systems. The results of the job done here could 

extend to other areas of the country. 

.' 
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CHAPTER ONE 

GENERAL INTRODUCTION 

1 . 1 Background 

LA nd . nd W(J I (~r , 1 n; lJ I I i fila I.e s ou rces of food and vi tal 

sUbstance for human existence and indeed the major factors in 

commanding the progress of civilisat ions . Nigeria is 

experiencing a 'dramat.ic increase in p opulation , rapid changes 

in social. sl.ancJards , jn l\griculture , Urban , 

other needs Lha L. ma ke increasing demands on 

I ndustrial and 

our land and 

water resources . The organisations conce rned. with defining 

developmental strategies and management of these resourc~s 

must have acce s s to a precise update inventory . At present, 

the basic SOll rce documen ts are topographic maps . 

Un forLund l.e 1 y , I ~ he i r ()Cl: U racy depends on not only their 

st:a Les bul also dal es of pubLLcat i on a nd constant review . 

Up-to date inventories and maps of rivers using satellite 

imageries will provide decision-makers with an effective and 

efficle rl L mE-~ans o[ management. . furt hermore , information 

retrieval through computerised management techniques is 

possible ' since Earth Observation Satell ite data enable fast 

inventories of the topography . 

The use of satellite data involves image acquisition , 

image processing and :i mage i nterpretation . Image start life 

as coded data and it is stored in digital form . A remote 
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sensing image appears under the form of a radiometric sample 

of the observed sce ne , wh ich is as a large number of digital 

informations are presen.ted in line a nd columns . The digital 

inforlnation is usuaLly given unde r the form of integer 

numbers (b i nary code) , the data of whic h only computer 

compatible tapes (CCT) should be used , can be acquired from 

the archive s or throu h special acquisition order placed with 

the operators of t he srlte J \ :i te o This ·i s wha t was used for 

La ndsysl:.ems mapping a nd floodplain delineation of the Sokoto-

Rima River system . These Rivers are the main streams of 

agricultural production in Sokoto , Zamfara and Katsina States 

and of course the key source of economic growtrl of the semi 

arid northern par t of Nigeria. 

1 .2 The Study Area 

The study area fllils roughly between latitude 12° and 14° 

north and between longitude 5° 30 minutes and 7° 15 minutes 

East , in th(~ ext:. rerne NaLt hwesl. corner of t he country (See 

Sakata basin according 

to LJdo , R. K. (1970) has an area of about 36 , 000 square miles 

while t hat of Rima drainage basin is approximately 35 , 000 

square rnjJ es . 6~ % or· the e rlL ire area L Les on ·the fringes of 

the deser t . The Sokoto-Rima basin and i ts major tributaries 

(that is , river Ka , Zamfara , Bunsuru , Gagare , etc ) constitute 

the major physical feature of t he region . It is the main 

source of water for man , plants and animals . The Rima and 

it s affluent aLe important factors in the location of 

economi c rlr.tivil. ·i 0S ClS W0\ ·\ ClS in the dj.stribution of 
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population and settlements (see figure 2 ) : Map of the Study 

Area , showing trle Sokoto Rima River system . The exact area 

as imaged by the American Land Resources Satellite (LANDSAT) 

for U lis study coincjde wj th the i nset on the SPOT satellite 

Grid Reference System of Nigeria as contained in GRS sheet 2 

for NW Africa on figure 3 . 

1.3 Geology and Physical Landscape 

Two ma jor geological regions may be recognised ; that is , 

a region of pre-Cambrian rock in t he Southeast and a 

region of young sed i rne rlt ary rocks i n the north and west 

(Udo , R. k . ( 197 0) , a nd See figure 4 . All the main t ributaries 

of the Rima r ise from the region of t he pre- Cambrian rocks 

which is characterised by broken plains from which r ise steep 

sided gra ni te , gneiss a nd quart zite i nselbergs . The region 
. 

of pr'e - Cambrian rocks is dissected by numerous shallow 

valleys , whi ch form the drainage channels of streams flowing 

into the upper reaches of the Rima tributaries. 

Al l t he tr:i but:.arLes of the Rima flow in rather 

restricted a nd narrow valleys unt il they pass into the area 

broad valleys with e xtensive floodplain . 
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1 . 4 Climate, .Vegetation and Soils 

The climate of the area is typically that of the 

continental tropics with marked rainy and dry seasons . The 

(; 'limal.0. is !'-)(~ Ifli- ;:H ' id willI r! pn)]ollqed and almost rainJess dry 

0eason (LaLe OeLaber Lo early fvlay) and a short wet season 

(Late May to eClrJy OcLober). 

rainfall occur between July 

Over 75% of ttJe total amu,al 

and September with maxDmtrm 

rainfall in August. Rainfall , whi. c h is usually stormy and of 

short spells [dn<jeS beLweell 'l 50rnm-lOOOrnm in the extreme west 

to between 250- 750rnrn in the Northern parts. The monthly 

rainfall distribution and the total rainfall during wet 

season vary widely from year to year (Figure 5 , ' shows the 

annual rainfaU for Sokoto-Airport for 1910-1992) . The 

varlabll ,i..ty 0:[ LtJe raiJJfa11 r.'egirne imposes severe limitations 

on rainfed agci..culLure except in seasonally flooded E'adama 

areas downstream as hlghlighted by Adeniyi, F . A. (1985) . 

The geographical location of the area , that is , close to 

Saharan desert makes Soko'to generally very hot . "However , the 

temperatures vary with season . The harmattan wind which is 

cold , dry and dusty lasts from November 'to February . In 

March , April and Hay , the weather is usually very hot (see 

figure 6 for Sokoto Meteorological data showing monthly 

[rlin[a]l. LoLals , rtlonLhly aver-aS:)e Lernperature , monthly average 

relative humidity and monthly average sunshine from January 

to December . 
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Under natural condition as in the forest reserves , the 

forest i s of" ;:1 l y pi C:;1 1 ~~lld;-lfl ~~ ;: I\1;Hlrlah hi()rflf ~ , whJch COflS:iStS 

of an almost continuous grass cover with scattered trees and 

s11rubs . VegetaUon has been greatly affected by various 

edaphic , climatic dnd bioLi c factors . The area has undergone 

dras tic change followi ng frequent bush ,burning , uncontrolled 

qrd:-l:-linq , r ;)[IIliIHl r1l1d ()v(~n:lIll ill(~ 01 " Lrees [or fuel. 

Soil types vary throughout the area but the soil profile 

is rather sandy topsoil and clayey subsoil . They are said to 

be low in organic matter content due to scanty vegetation 

cover , therefore , low lnfert::ility. Once the vegetative cover 

is removed Lhrough over c ult.lvaLLon , overgrazing and periodic 

burning , ttH~ to[Jso i 1 are readi ly washed of f by rainwater . 

The areas borde.r:lng t he rivers are the most densely populated 

due to the need to establish settlements near water sources , 

althoughi flCreas "i ng he.i qht of n ood waters :in the basin has 

rcsulLcd ill (J rCLr(~dL 01 s\LLl~\lI~lIl~ frolll llle floodplain to . 
the cdqes or Lh' p1.aLeau sur [(J ces . 

1. 4 . 1 Fadama 

Fadama is a Hausa word for floodplain in a wide fairly 

flat river va lJey corrrrrron "i.fl the savannah zones of Sudan and 

Guinea . It is the strip of land along rivers , which are 

subject to seasonal :flood:i.ng , very fert:Ue , and the focu s of 

this study . The extensive floodplain differs from the 

general description of soil explain above . The fadamalands 

provLde moce fer-tile farmlands except where the drainage is 
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very poor . The fadama are also very close to t he s ources of 

wa ter for dry season .i .('riga L:i.on . I t s hould be noted also 

that t hese fadarualands account ror less t han 10% of the total 

J and C:lr~a .i II Llle SUdC'l l1 s ;::lVarlnah region but are con s i dered 

very important dry season ag ricul t ural resources (Adams , W 

1986) . Consequently , t .he continued productiv:ity of these . 

floodpla in area::; is o[ vita 1 importance in ' e nsuring the 

agricultural viabi] ity of t he req :i on . The estab:t:i shrnent of 

SokoLo- Rim.::J Ri veL' Ba::; LI1 IJevelo[Jrtle nL Au thority (SRRBDA) during 

the 1975- 80 plan period was aimed at the accelerated resource 

development of the area . 

1.5 The Sokoto-Rima River Basin Development Authority , 

The main flJncl ions of ttle authority include the 

following : 

a . Water resource development 

b . Co nstruction and mai ntenance of darns . 

C I r T i q;j I. i () 1\ / dr ' d i rId q ( ~ w () r k ~) 

d . Supply of irrigation water and land development for 

plantation, cattle ranches and iivestock farms . 

e . Land and water conservation including 

a f [0 r-es tal:: ion 

f . DeveJ o~ll lerJt of groundwater f or' human and 

livestock cOl1servation 

h. Settlement/resettlement of persons affected by 

construction , (SRRBDA, 1991 ) . 

l\ f", a r i r s l step I ()W(l rels j IfIpJ PlfI (? nl i nq these programmes , 
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the authority embarked on rLver basi n planning with the 

followi ng ob=iecti ves among others : Optimum development of 

land and water potentials , maximising agriculture , livestock 

and Llsh product i()fl, deve lopillg s malJ schemes such as small 

dams , boreholes f or isolated areas , e tc . And to achieve s,ome 

of these object.i ves , the aut li o 'dty identified the following 

projects among others : Bakolori irrigation project (23 , 000 

hectares net) , Goronyo dam project area (40 , 000 ha .), Ga gare

Bunsuru Liver project (Lo cover' 15 , 450 ha . ) , Niger valley at" 

Sokoto state (L o cover 4 , 283 ha) . The authority has not 

carried 6ut any resource surveys of the basin . The authority 

lacked adequa te i nforrnation OTI the floodplain and 

agricultural ac - ivities 

author-LLy wuuld have 

downstream, 

t.o depend 

and the 

on how 

success of the 

well various 

development Eacl_ors ha re been studied and integrated into 

their programmes. 

1.6 Problem Statement 

Besides it· pol: (~ rl U al.s ror supplementing urban water 

supply , LLoodpJa _Lrl _LS aJ.so an important source of 

groundwater , which is extracted to reduce over depende nce on 

rainfed agricul t ure and enhaTlce cropping :Lntensi ties during 

dry season , espec Lally in d r:ou<,Jht prune areas like Sakata , 

Zamfara , and Kats:ina States . Although , a-ttempts bave been 

made to improve on various irrigation techniques , less 

attention is gi \len to the terrain characteristics and 

delineation of the potential a<,Jricultural land of the basin . 
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Thj s research i s an aLLemp t l-o use Remote Sensing Techniques 

to map drainage patterns a nd deli neate t he floodplain areas 

of t he Sokoto-Rima River SysLem using t e rra in analys is . 

Serious measures need to be taken in form of sound 

database in ot'der to succ8ed in managing our water , 

agrtcultural aTld oL her eart h r esources , and to ensure 

adequate protection of our environment . It is believed that 

these tasks can b e accrnnplished with the aid of data that can 

be obtained ~sing existi ng generation satellite and airborne 

sensors supplemented with adequate ground truth data . 

Satellite Remote S(:~ n si ng has a unique characteristic 

whose benefits are not fully perceived . A large- scale 

unifonnity of perspectives , a regulari t y of repeti-tive 

coverage , an extra ordinary facility , for visual presentation 

and communicaL L()lI . 1\ capab Lllty to Lmp rove a comprehensive 

pattern on discret e elements of i nformation and a potential 

catalytic impac t o n specialists , planners and decision

rna kers , impel 1i ng L hem to organi se the gathering and 

application of resource information in a ra tional way . 

Moreover , the abili ty of Sa tel1i tes to monitor and deliver 

resource data wi t h uniform characterist i c s on a global basis 

may strengthen opportuTLities for international communication 

among resource scientists within and across disciplinary 

lines . 

Efforts were [uade to assess whether Satellite Remote 

Sensing (U SiTlg LANDSAT MSS data ) :i.s a reliable method of 

i nve ntorying large scale terrain with emphasis on drainage 
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mapping and floodplain delineation . Comparison -was made 

bet ween the use of satellite Remote Sensing and other methods 

or i nvenl:.<..H:"y LrI(j on Orl(~ IlrwU and v isual" interpretation with 

digital (computer-assisted) image processing on the other. 

Their relative i'Lnpo rtance and advan.tages were also assessed . 

It is e xpected l h;:Jl" sim"i "lari nvestigaUons could be u s ed 

elsewhere both nationally and at international spheres using 

satellite imageries . This work will therefore provide a tool 

for evaluating cultivable land acreage in the Sokoto- Rima 

valley . Further research on suitability analysis for various 

agricultural crops will also enable the SRRBDA, ministries of 

agriculture , and ot iler :l and deveJopers to :i rnprove on their 

exten.sion services and better the lots of the entire 

communi ty in ttle regio fl . 

1.7 Aims and Objectives 

The main aim of this r"esearch is to evaluate the 

potentiali ties of satellite Remote Sensing in Terra :in 

analysis and mapping of drainage patterns and floodplain 

areas wi t h:i n the Sokoto-Rima Bas"i. f1 . 

objectives o[ the DisserLation are : 

T:herefore , the specific 

a . To ideTrtify terrain elements and drainage patterns 

necessary for determining the area that constitutes 

floodplajn within the hasin , 

b. To evalual_ ~~ Lhe potentials of LANDSAT MSS data in 

terrain anaJysis and floodplain delineation , 

c . To apply a nd compare visual interpretation wi th 

-, " 
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digital (Computer assisted) image a nalysis in 

mapping Land systems and floodplain areas . 

d. To r) ~ , ~ :;(~ S~~ L C r:elllol.c ~"e nsin<.J possesses advantages 

over conventional and contemporary visual (manual ) 

Ule t.hoJ.s . 

1 . 8 Justification 

The existin(] maps used for planning are often out of 

I date. There is also generalisation of all features , lack of 

COrrect drainage information and lack of detailed information 

on the terrain and floodplain. Frequently, decisions on water 

resources plannin<.J a nd agricultural development are based on 

analysis of various sets of referenced data when earth 

["esou["ces surveys by remote sensing is more efficient and 

reliable. Trlis research demonstrates the value of LANDSAT 

MSS data in terrain analysis and mapping of drainage patterns 

and floodplain . It will be beneficial for agricultural 

planning purposes , ["eduction of flood losses and possibi lity 

of flood, i Tlsurance s cheme. 

Satellite Remote Sensing has bee n proposed for this 

study because it can offer a unique van tage poiTrt from which 

the entire environment can be observed so that prolonged, and 

rapid changes can be assessed with ease and wi tb. accuracy . 

Fu["thermore , the ch.oice of th.e River basin in the savannah 

zone was based on the magnitude of environmental and resource 

problems in the a rea , a nd the need for greater resource 

information to ser ve as inputs into several land and water 
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d f the Sokoto- Rima River development projects being planne _or 

Basin . 

1.9 Scope and L~itations 

"1 t has heNI very d i. [[I cul L to have 

reliable information- on water resources 

poten tial s of r :i. ve rs i TI Nigeria , despite 

the fact that Nigeria has a potential of 

irrigating a total of _ 972 , 867 hectares 

as agricultural land". 

Adeniyi , F. A . (1985) 

Osot Associ_aLes (lg R4) in their report on River Rima 

Training , reported tlJaL : 

" As large as the Birnin- Kebbi catchment is , 

with an area of 58 , 150krn square it has only 

Sakota as the autograph rainfall recording 

station". 

These indicate the inadequacy of data and of course 

there are still limited resources especially with respect to 

digital (Computer assisted) image processing and other 

facilities. Sirn:Uarly , -this research found it extremely 

difficult to obtain recenl: . mageries and other remote sensing 

tools for the work . Hence , a relatively small area or 

catchment of the basin between Lugu dam at Wurno and Goronyo . 
dam (RLrna floodpla1n) was selected for digital image 

processill<J \J ) :,:)(-~ r ' V ( ~ ':-JS rl cJemunsLraLi.or1 in computer assisted 

analysis in floodplain delineation . 
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Another constraint i n the ce s earch had to do with 

d 1 · t . ally usi:ng satellite inadequate publishe ltera" ure especl --

Remote Sensing Ln bo\J1 l he f Lelu a nd l:he area of study . 

However , the LANDSAT tvlSS data for 1987 and 1989 on botb CCT 

a nu Standard photographic prints ; topographic sheets , aerial 

photographs and t he computer fac:llities wi tr.l IDRISI (for 

winuow) software packalj e of Clark l.aboratory at t he Federal 

University of Teclin ol oljY , lvtl nn a is adequate erJOugrJ to 

accomplish the tasks of the st udy . 

1.10 Assumptions 

This study was based on the followi ng assumptions : 

a . lANDSAT T"lSS daLa has capab:i1it :ies , and at the very 

least wi ll pro ;rLde a visual clue for identification of

La ndsys tems for defini ng floodplain are as in t he basin , 

b . Satelli te Remo te Sensing provides the fastest and 

more accurate means for terrain analysi s and floodplain 

delineatio n . 

Despite the limi ted literature in the area of study and 

in t he application of satellite remote sensing , attempts were 

made to review several work o n drainage/floodplain and t .he 

use of remote s ens ing techniques in t ercain evaluation , and 

floodpla :i n del :ineaUon i':lS rev :i ewed :i n the following chapter. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Concept of Terrain 

Terrain is synonymous with land (Christian and Steward, 

1968) . The terrain which inc ludes land surface , superficial 

geology , hydrology , vegetation , soil , etc was defined by FAO 

(1976) as : 

"An area of t he earth ' s surface the 

characteristics of which embrace all 

reasonable cyclic attributes of the 

biosphere , the soil and underlying 

ecology , hydrology , the plant , and animal 

population , and extent that these 

attributes exert a significant influence on 

present and f ut ure uses of the land by man ". 

Essentially , 

observable 

terrain characteristics refer to directly 

properties of terrain , its productivity , 

ruggedness , erodibili ty , extent , etc . Terrain quality 

determines the degree to WI-Jich the tract of land can be put 

to a certain use while land cap~bili ty refers to the fitness 

of the terrain to perform a defined use (Townshend, 1981) . 

Terrain evaluation is therefore required for various purposes 

among which are water supply , agriculture , mining , 
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recreation , rnL! Hoary activities , urban development , etc . 

Rather t Oha n invesLLgaLlng its compc;:ment parts , the 

terrain is orten s udied as an entity . And this holistic view 

of the terraj n rorms the bas:i.s for regionalization 

(ph ysiograp~d c or Landscape - approach ) as was trte case for the 

topographic subdi vi sion of the Uni ted States of America by 

Bouman (1914) and E'enneman (1916). During the course of 

study, the varjeties of classifications all based on the 

physiographic approach have led to t he delineation of various 

sizes of regions among which are Bourne ' s (1931) site , 

Wooldridge ' s (1932) Facet , Veatch ' s (1933) natural land types 

and Milne ' s (1935) Catena. 

2 . 2 Floodplain 

Along side the channels of most rivers are a relatively 

flat surface extending to the base of the valley walls , it is 

periodically inundated (Selby , M. J. 1985) . Floodplain of a 

river is therefore a valley floor adj acent to the incised 

channel which may be inundated during high water , they are 

essentially created by the processes of river meandering 

which is the result of a stream adjustments to its 

environment in order to carry its load most efficiently . 

According to Lillesand , et al (1987) , 

"Meandering streams tends to follow certain 

Hathematical rules with regard to meander 

wavelength , ampl itude , stream flow , volume , 

velocity , channel width , depth , floodplain 
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slope and river gradient " . 

Rivers tends to swing back and fort}] across the valley bottom 

reworking that · floodplain deposits and eroding first one 

valley side and then the other . Floodpl a ins are built 

pLlmarily from deposiLion of sediments i n t he river channel 

and deposition of :fine sediments on the floodplain when 

flooded . Sediment deposition in the channel plus natural 

levees on the bank can lead to a situation in which the 

stream floors at a higher elevation than in its floodplain . 

Floodplain tends Lo be flooded at fairly low recurrence 

intervals . Leopold et al (1964) reports numerous evaluations 

of flow rnagni tude required to over - flow the floodplain . 

Return periods generally range between 1-2 years and a 

general statement thaL floodpLaJn of the Eastern and Central 

United States are inundated by flood waters in 2 out of 3 

years is quite reasonable . Nixon (1959) made a similar 

analysis of Bri tish streams and found t hat flooding occurred 

on the average about t wice each year . There is some 

difficulty in defining precisely what t he floodplain is and a 

problem in defining precisely the bankfull stage . It is 

however clear that the floodplain is subject to frequent 

flooding and hence its use for building, agriculture and other 

purposes should be ca refully reg ulated . 

Floodplain terrain has an overall level relief with 

minor irregularities and a gentle downstream gradient . The 

texture of floodplain materials varies gently because they 

have slowly accumulated over years of shif t ing stream 
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courses and overbank flooding . Therefore, the most important 

depositional feature is floodplain formed from a combination 

of within channel and overbank deposition , although many 

sedimentary forms are involved (Lewin, 1978) . Over a long 

period of laLer'a .1 aud valley shifLing, the channel may occupy 

all posi Lions on the valley floor continually building the 

floodplain from within channel deposits . From measured rates 

of bank erosion and historical map information. Hooke (1980) 

estimated the time period required for a complete traverse of 

the 1.2krn wide floodplain of the river in Devon to be about 

1 , 300 years. Schumm and Lichty (1963) and Burkham (1972) 

described how new floodplains were built after destruction by 

ruajor floods in as little as 20 and 50 years respectively . 

Vertical accretJon Lakes several forms : 

(i) formation of natural levees 

(ii ) direct deposition in extra channel areas , and 

(iii) development of Channel Islands which 

subsequently became attached to one bank - a 

process which has been observed elsewhere 

(Krlig,h ton , 1972) . In a similar study, Wolman and 

Leopold (1957) concluded that lateral accretions 

withIn channel deposi tions are the dominant 

processes in floodplai n formation accounting' for up 

to 90% of the deposition . 

Floodplain is important to environmental planners 

concerned with reducing risk due 'to floods for many densely 

populated areas are concentrated on floodplain . Mapping of 
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floodplain ·for development planning especially agricultural 

production~ flood insurance purposes has received major 

emphasis in United States and other developed countries . In 

this process , the floodwa:l 1 (area covered by a flood) is 

delineated for floods occurring with a given probability . 

"The deterrninaUon of the limits of a 

given flood often incorporates floodplain 

terrain evaJuation , topographic mapping 

through ptlotographic techniques and 

hydrologic rnodelLLrlg". 

(Lillesand, et aI , 1987) . 

In studies for which the floodplain are important , such 

as this , one must have adequately detailed maps or special 

field surveys aTld flOW 

will satisfactorily 

bel LeI with sa lellite imageries which 

define the information needed for 

drainage Jnapping 6ver extensive areas and delineation of 

floodplain . 

2.3 Floodplain Mapping 

floodplain management is becoming an acceptable part of 

flood damage mitigation . The hydrologic problems are to 

define the area , wh ich will be flooded during the occurrence 

of a rlood or: spel:i ri.t~d p(~rj .od . The standard procedure £o .r 

this in the United States is to find the 100 years flood at a 

key point and use a back water computation to determine the 

stages up-s·trearn . The 100 years f:Lood is usually estimated 

from a stream gage record , if available or by regional 
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frequency methods or' by loss rate and uni.t hydrograph applied 

to the 100 years rainfall , (Linsley , R. K. 1988) . If no 

record exists , i.t is pt'obably better to develop a synthetic 

record by simulation with a deterministic model . The model 

sl lou.Ld ~ltltJ Loy d t'ou l llltJ technique to construct hydrography. 

This permits the calculation of peak floors at the end of 

each reach . Thus , a frequency curve can be constructed for 

each point and the 100 years flood peak de'terrnined at that 

point . ,However , EloocJplain have been delineated using 

remotely sensed da ta to infer the extent of the floodplain 

from vegetation changes , soils or some other cultural 

features commonly associated wittl floodplain , (Rango et aI , 

1974 ). Sollers et a1 (1978) produced flood and flood prone 

maps aLl : 24 , 000 and 1 : 62 , 500 scales using digi tal LANDSAT 

data . "One can reasonably expect better results and more 

' accurate delineation of flood prone areas with Landsat 

Thematic Mapper (TM) and SPOT data , although for many legal 

requirement , it is necessary to map flood prone areas from 

high-resolution aerial photography" (Maidment , 1993). 

2.4 Remote sensing as a Tool 

In 1960 when the term remote sensing was first coined 

(F:i scrler , 1975) , _It sjmply referred to the observation and 

measurement of an object wi thout touching it . Since that 

date , remote sensing has taken discipline dependerlt meanings 

in the environmental sciences of geography , geology, 

engineering , fores-try , agriculture , etc . It is usually 
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" the use of electromagnetic 

radiation sensors to record 

,i IIlCl<Jes o[ the env ironment which 

can be interpreted to yield 

useful information" . (Curran, 1985). 

Short (198 2) also defines it as: 

" the acquisition of data and 

derivative information about 

objects or materials located 

at the earths surface or its 

atmospbere by a device separated 

from it" . 

/ 

Information about Lhe earth'!; surface is obtained from 

satellite or-biti ng the earth at an altitude 917. 8bn, later 

lowered to about 705km . These satellites carry sensors, 

which .scan or image the object (target) through 

electromagnetic waves and they eventually convey information 

in fo:gn of photographic imageries . Interest in remote 

sensing from space has been greatly heightened by the 

launching in (July , 1972 of the first Barth Resources 

Technology Satellite (ERTS-1) renamed LANDSAT-1 and the 

ensuring diversity of assessment about the utility of LANDSAT 

data for various earth applications. The availability of 

LANDSAT-l through 5 which has two different sensors on board 
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(see fj,gure 7 : showing observation config-uration of Landsat 4 

and 5 ) with the multispectral scanner (MSS) Sensor , a 

cesolution of 56x79 meters in four spectral bands modified to 

yield 82 x 82 Instarrtaneous Field of Vi ew (IFOV) . And 

Llt(~mal. ic lr1dPp t~r' (TM) S(-~rtsors wj l.h a .resolutio n of 30m ahd 

seven spectral bands (one is in the thermal band with a 

resoluLion of l20ul acquired areas covering 185x185km) It 

provides prospects of better imagery with fine resolution, 

more frequent coverage , faster processing , etc . ' It has also 

presented developi ng nations l .i.ke Nigeria with an opportunity 

that was not t here before . Estes , et al (1980) states that : 

" remole sensing is a reality ... 

whose time has come . It is too powerful 

a tool to be ignored :if) Ler.ms of both its 

information potential a nd t he logic implicit 

j n t he reaso n:i ng processes employed to analyse 

the data . We predict it could change our 

percept-i.oTl , our metrJOds of data analysis , 

our rnodc:. l· and our pat·adlgrns ". 

Sensing from space platforms has three unique 

characteristics , viz .: 

1 . Synoptic View : - LANDSAT scenes cover l85x185km in 

~i ze at a reSOllJt :ion of 87 meters. A simple view 

of such a larye area under f i xed solar illumination 

and from near vertical (ortllography ) perspectum 

(see figure 8, showing the s pacing between adjacent 

Landsat orbi t tracks at the equa-tor) . It makes the 
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Landsat particularly vaillable for cartographic purposes 

cHid ror' rf'(:()(Jll i si llq irtc!ic:;; \ ()r'S or Jar'ge-scale geolog:i c 

Ceatures a ncj veyeta tion pt=l.t terns diff icul t to detect by 

ot her mealls . 

2 . Repetitive Cover-age : - The r-epeated coverage every 

seveo (7) or nine (q) days at worst of each same pa rt of the 

(~r-JrLh ' ~ ~ lJrfaCR (~~P(~ r iqllnc~ 9 : 'I'illLLnq o[ adjace nt. Landsat -4 

or - 5 coverage lracks). H l.herefore prov :ides an unequalled 

op[Jorlul1iL.y to l(tortiLo .[ dynamic phenomena such as changes in 

vegetation cove (" and ·hydrology . 

3 . Uni[onnity : T.ANDSi"\T or'bi Ls are synchr'o nous wi t h t he 

sun , each scene is scanned at approximately 9: 45AM local sun 

time throughout:.. t he world . As showrt in figure 10 . Landsat-4 

and -5 have an inclination angle of 98 . 2° (8 . 2° from normal) 

with respect to the equator- and uniform by vertical 

p('rsp(:'Cl.iv ~~~ 11I;"' kc p()~:; ~.,ibl(' .i1l' i.:I~.W InOsa 'Lc on a cOllt :i.nental 

sC;Jle .1t1d Lhe over-lay or sce nes l.aken on differ-ent dates to 

per-mil precise compariso n. 

The c hoice of LANDSAT MSS data as a proper tool for the 

preLL rrLl nary a ssessme II t (l r t. he L erra i n, 

floodplain delineation stemmed 

dra.i nage mapping and 

from the above 

characteri stics, its relat :i vel y easy accessibility and 

generalisatio n to othe r parts of the wo tld. 
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2 . 5 Floogplain Mapping Using Remote Sensing Techniques 

As noted by Howard (1992) , floodplaiD topography is 

poorly analysed and cou.ld be investigated profitably by Ilsing 

rmnol P. SRTIS i TJ(J 1('( :1111 i qIJr'S. '1'11(' p()w(~r· or n~rnoLe sens.i ng for 

detailed analysis of low celief floodplain topography i s 

enormous , buL l .ittle stud:ied , allowiTlg classificaLion of lake 

form , d LsLcLcl_ t:. opoy raphic feaLu.res and possibly mapping of 

spatial conceTltration of suspenrled sol :i.ds aTld flow lines over 

i Ilundal ed ;lrc~a s . lIrllui Ltoll el_ dl (1992) demonstrates this 

poLEnt iCl\ Us.iTlg RadcH -lrnagery on the Amazon a ·nd Orinoco 

Eloodplain . Their [neasurements indicate - that flooded 

topograph.ic cons 

respect to ~r~rl , 

displays fractal 

llave statistical self- similarity with 

.iulplyinq l.:h"'JL relief on Ule floodplain 

e lla r-acLe:ci.sL .i cs . Such a result if of 

general applical.:: lon would have implications Eor modelling 

spatial variat.ion in floodpla :i. ll deposition . 

Studies have · also been conducted to determine the 

poss .i b-\c' vrllue of ·'.7\r~\)SI\' \ ' lin \ ;.] 

The LAND. AT cApabj I i I: i cs Lo 

coloration in water and to 

["or e rlv.i ronmental mon:i toring . 

recognise discontinuities of 

distinguish differences iD 

Landcover over large areas have proved of value in 

identify:ing land systems . 1,ANDSAT imagery :i s increasingly 

being employed Ln assessing major watershed characteristics 

that affect runoff and eros:i.on , assessment of grazin g and 

farming conditions of land, monitoring and mapping . Remote 

Sensing Imagery makes possible the delineation of floodplain 

and in combination wLl::: h landuse maps , permits the 
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Tdentifical- ion of f -\ood pn)ll.e l '::lrlds and the estimating of 

economic consequences of flooding , particularly with respect 

to agricultural experimental results evacuated in United 

States , by Geologi cal Survey . 

Robinove itl 1975 , indicated that LANDSAT images nave, 

value for mappi ng and or warming and assessing certain types 

of disasters throughout the world . 

Comparative anaJysis of two sets of LANDSAT scenes 

convey ing the stale of Orissa in India (dry season , 1973 and 

monsoon , 1973) has yielded a substantial volume of Land 

information of direcL value Lo the resource managers and 

agricultural planners . The two scenes highlighted the . 
difference between dry season and wet season agricultural 

patterTls and Lderltif -Led promising areas for conventional 

irrigated crop producLion . The data also indicated areas 

suitable for dams , i t showed extent of forest cutting in the 

high lands and coastal regions . It also provided a new base 

for checking the accu racy of crop acreage and estimates done 

by conventional means showed the changing of the Mahadi river 

and .LLs LdbuLar.Les CJS well as c hanges in sandbars , spite and 

Islands along the coast , (Weismulter , 1976) . 

Flood mapping with LANDSAT imagery was demonstrated with 

conspicuous success _ in the case of Mississippi River and 

Indus River (Pakistan) flood both in 1973 (IBRD , 1973) 

coastal flooding caused by hurricanes and typhoons , as well 

as erosion and deposition along the affected coasts were 

mapped and monitored after the storms . 
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i\ · . , 
rll 1f )\I(I , ~.; I I \I( . ~ , .... J I S LIJd j p.::-; ltd \Ie been conducted on 

I'I UC1c.iPldili 'loL ()II 'I V us ing c'onventioflal techniques but also 

1111 ('I Jqlf III (~ IJ S( '~ ( )r' I (111I() 1 (· ~I y ~).e Il :3ed data 011 t he intE")ntationa1 

S( '(') I (' , (J lld :-; 1. IJ(ii( ':-; 11.1 \lf' ;.-II,. I. i'li n x i h.igh 1e'\1e '\ of soph:i.st :icat :io.n 

N i(Je r ia has a 

111 (~ p.i ~ ;1 !)O YPrJI:-; . iLJvilllJ dl[[et'enLdcqu.isition dates and 

SCi'!'\ PS [ )I II , IIOWi'!<lfi Ys sp,::J(.:e se ns i ng penrri t cHI adequate triplet 

CO lli r 0 '\. r I [IIi'! k\-~s l I li s r'ese;:Hch [eleva n t j n b r :idg:i. ng gaps :i n 

r \ oodp 1 ,.J ill ,Jlld d r' ,-I i n,'Hl f.~ IIld.pp ill(.J-

s l.udips :i ne] ude the 

varidy uf appLi.cClLio ns, wh :ich include mapping of .soil 

rn n~c(-::! n L yer! t:s I ~ oo , thl.s kind of 

fi:llli li dS I.l ep rl dPpliE-:~<I Lu [flopping the Te]at:ively :inaccessible 

W(·II.l,-Htd ::.o rI H wi ,l .11 lJn:~ ,~JI~ slJ\.x:e s ses by (G.-:'IlllmOn and Carter,. 

197q) and ( SL!O:!w;:u-cis , 19RO). 

jJ.-:ll~ r i( :k dnd Abdulhal11i.d (1989) ITlade use of photographs 

rille! qu(-'st 'ionnaj re IIleLllod to access the impact of dam 

(.:UIISI . t:uct ion on I.hp. downs Lrearn mo rpho1oqy and age icu1 tura1 

pJ'ocluct :i\7 :ity :in Kano SLate . They used aerial photograpbs to 

i\( jPJI i Y i ernp] (!)yp(j the c:a pab:i1:iLies of 

d i q i I .-J i dIll! \Il.~-;IH I -:J lld Ly~ j 0 o[ LT·\NDSAT tviSS [ot" iden~ifying 

dlHi IIIC ) II i l()J.i fly I. Il f ~ .'t lllpric i oJ dolll c:onsLruc:t :i on :iil the Sokoto -

r~ i 111.-1 HrJ S i \I • \. .-J II<JIJS(-:! rl n ~ j Lanucovec types were 'classified 
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IJ~ i Il ' l 11 1.-1 ;v' i IIII.J III 1 i kc.:.~ 1 i houd procedure 1:.0 investigate the 

1,l\Ni);':;I\ '!' W;-JS found suiL.abJe for rap:id 

1; I ,I.'; ; i i l · i ~ ' .. JI lOll dill! 1I1()lIil _U lillq o[ '-lip. r:I(JricIJU:ure resources of 

the oleo, and lancluse was ident:iLied especially in the 

T I~ Wi:lS c:oncluded that the 

n~~ullJl. i u n (J..:llr:I. o[ SPOT (HI~\l) wou.ld provide baseline data for 

cJeta :i.Jeci ogri c ultu["C:ll r'esources ·planni.ng and management • . 

I I . ., III!l y c.l f fr:ldd lrl.-J sh.-311uw (Jr:ound wal:, c-H' of Sokoto State ' 

by OclIJ Sa IlYr-J, R. O . (1C~ 8 7) deLineated about 170,800 hectares 

of f.-3 dama lands w LLh adequate ground water potential for 

j r-:r :igat (J.d Clqri cuI tu rp.. Th(~ report d :i v :ided the fadama lands 

illl( ) 1II,ljr)I" , illl (\ nll( -~ ~ lid. l f~ rlll(l [liinor frJ.( jarna. FurUte nuore, the 

jrldividll a ol y_le "lc1s ohl:a :ined froTIl boreholes d:r:i1Jed in River 

:-iokol. 0 Cloodpld j tl wp. n~ h i eJh (400,m3/day) whi 1e th.e average 0 

,-Jillollq 1011 P' fi\!(.:.\ (')) ~ IJ I:c: (.:.~ssfIJl bor:ehnloes tapping water: in ·the 

l{iver ' ~;o k oto a ] lUV-L urn at Tundafia yielded l090;;day with only 

fl.761n u l- cJ[°rtW dowil [Jp.tow a st.atic water level of , 2m below 

(!\ndprsOII a nci Og ~i.lbe, 1973). The aquifer 

( 11.1 (" i 11<] :i.nf i Oil rClLi OIl or IloodwateT 

i"ollowi IHJ p(~ rL()<i s 0 1" I H~ ":lvy r°rJ incat1 O[ by per:ennial streams 

n owi IItJ o\lpr ' it. 
-

F'l ()()( lp 1,'1 i 11 rJS tldV Lo(] natuLal 

The hy(Jrolog :i.°cal and 

(-'( '()1()(J il :,011 \I ;lLIJ f-:\;~ or I.tH:~se wet laonds ha.ve been surnrna.r-ised to 

0S q r ·() llflliwf':ll.pr, recharge 'and d :i scharge, flood 

\ 
\ 



('()Ill , '()I ,. 1t111 _riPIlI I '(--~I (~rJl _ i()11 dnd lIlic[oc1 imrJl~ e stabilisation . 

(II t' . :\ lJd ,J ;'-;()IJ J Id 

r(' S()I Jrc:es, wild 'l :ire, f:isheri.es and forage , 

d .· J I dr I , J :'';( .1 is (J r(~;.j Ll y lI(-~(~ded i [ we need to 

succ:essfu]] y rrrarlatJP Illese resources. , The problems plaglJ:iTlg 

I l)(~ IIS (-I () ,- nl.-1ps I .() d(~s( .: t' i be <Jeog [rJ.phic phenomena led to the 

c1(-'v('lo[lIlI<'fll or l.P(lqr;lptric ·[lJrOrrrl;:.Jliorl SyslpTri s (GIs) ' wkich is 

IIJ(~ (;(~() ql"l! )l li( : ~;':'~.;1(!1I1 ()'- (:.-~pl.lJr·Ln(J , s l: ocirHJ, checking, 

.irll(~tJrdlirlt.J , JJirlll'JplJl i-:lI ill<j , arra 'lys :irl<j and clj,sp'lay:ing of data 

wlddl , Jt' (~ ~'; Pd l . irlily n~rt-~rc~lIced 1::.0 the eacth. This is 

nOJlllaLly cons 'iclerpd lo .involve spaUally referenced computer 

dal:,:l. hasp. r1 110 appro[Jriat.e application software (Chorley, 

lQfl'/). 'I'llf~ rJd\l(~lIl or s.-)Lf~lljt: e cemoi.:.e sensing has therefore 

lIT'OIJtjIIL , rl new '1 i fi e ()f research :i' ntegraLi ng GJs :i:nto remote 

0p.tlsin(J , 0illCP. satelliLe images have become valuable . 

Tnt eg:ca l ion of some u p- t o-cla t e :i n f orITIat :i on :i s u sefu 1 in 

(lIOl! i 1_0 r:' .in(J and mapp in!) 0 [ ea Lth phenomena; as will be applied 

i I I III i..:; s ilidy li S i II ~J hoUI \rj_sual techniques and ' computer-; 

,:Iss i sl('d TfIf'l.hod s , TIlls wi. .n absolutely Lin the gabs created 

Il ¥ 1 tH"~ L~(~k of i·,ernpo ral /r.-emotely serr::;ed. data with the use of 

[Jlelhm\s of Ihe GeogrcJph :ical Tnforrnation Systems. 

, 2 . 6 River Basin as a Planning Unit 

:lrrl' pgral:ed or Trll11l.i-purpose Liver basin development , :is 

( .::)JlIp.-)r'01· .j \f(-~1.y o1.d . H()st. of such projects ha.ving dev,eloped 

[-rofll lire\pssorJS t=:lr ld exper' ienc:e of the Tennesse Valley · 

U::llrlpp , 1 90S) Nevertheless , marry schemes aLe 

,::'11 n:,~t3d y i n p >: i stene-ei n ~::h.rferent parts of the world , for 

. I 
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ills t arlce ill Ul e IJnil-. ed S Ldl: es (Smith , 1958) . The most 

important river bas:in de\7elopment projects in Afr:ica have 

been desccibed by Lowe McConnell (1966) while the Mekong 

Valley projecl. clesrr.iberl by (White (196"l) typ:if:ies the 

s () IJ L tt - e cl s L. As i rJ 11 sill J':l L i 01\ • Si mila ly , ttle efforts to 

develop Australian ' s greatest Liver system the Murray-

Darling System in the overall interest of the nation , 

Rutherford, (J 968) :i s p.r.-a .i seworthy , just as the efforts to 

develop ~maller c a tchment basins for example the Hunter river 

valley :iTI New South Wales (Mcl"lalon , 1969). F:i Tlall y , tbe 

I?late River Ba::;in I?roject , involving a number of Latin 

Amer:i can NatioTls like Uruguay , Argent:i na , Paraguay , Braz:il 

and Bolivia - is one of the latest in this series , arising 

from world - w:ide consc.i ousness of the beneLits derivabl e from 

the properly planned development of river basin (Fifer, 

1970) . 

The establLshlTlerlt uf River Basin Development Authorities 

in Nigeria within the 1975- 80 plan period was also a step in 

that d:irectJon , where the country was divided into · definable 

and ull.equivocal drainage basin un.its as shown in figure 11. 

According to the map , the COlJTltry was convenieTJtly considered 

as comprising hierarchical a .rea:::; which are further divided 

into several River Basin Development Authorities for purposes , 

of convenience in 

-, 

\ 
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I " .1< II' I 
1'1 (1) .· l y ; 11 : ;0 illlr ! n ! :.;i.: the 

. :rd :r ,l cl · l \ irfl . r I·: i \l ( ' r 1~;1 0 ill 1)(,:! \1e.loprrrent 

I\lllll o l" il ',' i ~,' 11 ', l l ( 1111 ,;, (l ll l' II I III" r l ' t ' t ~ b 
' . c f-~r::l. ' .. Jes " ~_ n - [le country ut 

(H I(~ or- 1' 11(' rrl( ls l .SI I (:r'·("··:.' ,· i l li '1 I r L' 

, lll ej PI '()( JI ' . ' I""rt('~'; () I 

r l (' nll ~, (l ("~X (X:IJ . I on 0 r rroj ects 

Lll e MjniSL:r.:y of Water 
I I I Ir ' \/ (' l Of 111('1),1 . 

: ;11111111 , I I ' i I y , 

t he use of manual 
rll( ~ III()d s in I( ! rTrJi rl ( !\I"I ll rJ l iO Il i-I nd [J oodpl r3 in deLineation is 

fdS /' h econlirlq 0 11 1 0 1 11.' i ( ' l 'il ll oltJ irlr,J i. lTlf.lr ·O \l c~ rll e nL in Technology . 

'I'h(~r(' r ()n~ , i l i ~ ; f H' rlirl( ' rll 1 0 bri erl y highl .L<jht here that 

Cln (=!] y s i s ",rill f o I 10It1 I I If-: pat l: er[J detrtonstra t ed by Christian 

a nd SI.:ew;nd (1 9 68) 
1 0 in l: 1u(j e l a nd sllrfac~ , 

<j(-x)I()~JY , I'yd i"() I ()()V , V('(J( ~ I ril i 0 11 a rid so:iJ. 
superficial 

The terrajn quality 
wi. II I.. r lkr~ I. h(~ ronll d ( ~I..(~t"lrii rt(:!d by 'l'OWll:::;[lend (1987) while 

(~ L·l.';silk;tli()rl will ll(! llils(!d OIl pIIY!-:' .iograpJdc approach as " 

RemoteJ Y se nseci d rll . ;;) w-i 11 be ernpJ oyed f or t he study as 

d<.lIl e h y So L I (!t: :-; , (~ I . .-:I I. (lg "/ R), 'J' r:ave t: L , ,.T . W. (1986 ) and 

lIarrl:illon e L. ril (lgg ;?) II S ill<j r ad.io de ~. er.t:ion and ranging 

(R1\DA.R) • 

j II Vf~ sLi <ja L eel by 1 HrW (J 97]); Roh.t. no ve (1975) and We:i smulter 

(1976) thal: u.~ed Lw<') i.rnrlcJ es (WE~I.~ a rld dry seasons) as will be 

conduct. E-~d he re . 

Il() 1.11 \I i. ~IJ.· I I 
r llid d i..lJ i.L.d l (Computer-. 

ass .i sted) Image proces ~.; i ng t f:~c lt rl.i qll es wU 1 be ernployed as 

s t udie d St) lllewhe re by CIl·.O.tle y (19R7) and. Adeniyi (~ l: a.l (-1988). 

I 
, , 

~ 
I 
I 
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,,1 (1 <) '111; w" " """, (I",,,,,,,, ,, "",] L " . I .. ~r (1979), and Sleward, et 

1\I,dIJ III , Jill j d (I () f\C l) . 
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CHAPTER THREE 

METHODOLOGY 

This r e search i s concerned with the application of 

Remot e Se nsj nq 'l'(~dm i qllC; ~ in Tc'r r () .i n analysis (drainage 

mapping and floodplain delineation) . The work relied on 

visual interpretation and digital (computer- assisted) image 

processing . 

3.1 Data Collection and Procedure 

There is a tendency, particularly in remote sensing 

applications to ignore the potentials of other contemporary 

data sources, and to carry out interpretation using only 

satellite imagery obtained . F:iqure] 2 i.s a block chart of a 

Lypical Radar survey by Travett , J . VV (1986) which will be 

adopted in this studies and the basic characteristics of the 

data sources are also illustrated on table 1. First and 

foremost , every available data whether they are maps , 

reports , statistics o r other imagery bases were obtained and 

examined in order to acquaint one with area . Any information 

even if old may still yield valuable information about the 

area , the vegetation types , soils , settlement patterns, 

drainage , etc . This was possible using the university 

library , state and National library , all in Minna. 

Throughout the interpretation , recourse will be ~ade to 

these databases in order to clarify points of doubt s or to 
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FIGURE 12: RESEARCH OPERATIONAL FLOW DIAGRAM 
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Lot l(~ pi C'lnnr->. d i-lc.!Vi'j nt. aqp a nei :i deTl'U f:i cat :i on of 

ric~ld ~-il . udies IIkly be r(~quLred was 

Table 1: Data Source and their Characteristics 
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Photogxapha (Plat.a) 

Plate 1: Satellite view of Sokoto-R1m& aivex System 
LANDSAT MSS (dry sezr,son) 18th November I 1987 
Number: 18 NOV 87 5 - 190-51 12 4 01 1023-1800 
A (16/11/91). 

Plate 2: Satellite view of Sokoto-Rim& Rivex System 
LANDSAT MSS (Wet season) 22nd Oct. 1989 
Number: 22 Oct 89 5-190-51 12 4 01 
1023-1800 A (12/11/91). 
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n addition to the Landsat imageries , a substantial number of 

1: 40 ,000 sequential bJ ack and white aerial photographs flo!,/n 

in 1962 and 1 : 2 , 500 semi - controlled mosaic for the Bakolori 

project flown in 1976 will be used as reference data. And 

supported by field data collection in 199.7 (during both dry 

and wet seasons . \ 

3.3 Instrumentation 

Remote sensing applic ations are instrument dependent . 

The nature , type and accuracy of the interpret ed data depend 

to some e xtent on the type of instrument used . In this 

project,the instruments to be used include: 

(i) IBM- Personal Computer (IBM-PC) with IDRISI (for 

windows) software package of the Clark Laboratory 

of the Department of Geography , Federal Uni versi ty of 

Technology , Minna which has digital image analysis, 

statistical analysis and automatic cartographic 

components . A small sampled area between Lugu dam and 

the Goronyo dam project on t he image will be utilised. 

(ii ) Visual interpretation of the ent i re Landsat imageries 

and other remotely sensed data will be done using sets of 

mirror stereoscopes, magnifying glasses , etc . available at 

the Federal University of Technology , Minna . 

(iii) Various and complementary cartographic facilitie s at 

the Niger State Ministry of Works, National Directorate of 

employment and the Federal Uni versi ty of Technology , Minna 
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wLLL h(~ 11 SCO fot· III (~ n~ sPd t-dl . 

Wlli -I . Lll e llllc!rvre LdLion of the aeri.al photographs will 

be carried ou t wit h t he a id o f mirror stereoscopes with 3X 

magnification , the Landsat digital analysis will be performed 

on the TRM-PC: COlllplll (~I - ll r l rdwri n::~ usin<j the IDRISI software 

sysLerli . The P re-pr oces s i ng of the da t a w:Ul be llmited to 

irna<je to :Lmag e re gLs t. cation [or overlay purposes , and 

preliminary eval uat i ons wi 11 :i.nvolve v :i. sual anal ysi s . 

However , in addil::: i n n 1 0 I_li e i mH<.Jf-~ daLa , ol.:her sources of data 

e . g . maps , pul>l:i s hed records/researc h documents and field 

s t ud i es wi I 1. he Pilip I ()yf~d . 

3.4 Field Data 
; 

Since ttle aVi'lilabi.J i ty o[ <jround informatio n for this 

area is l:imlted , ex tens:ive efforts were made to collect data 

throu<Jh [i.e 1 d ollse r val: iO ll0 (supported by 9 round photographs 

and interviews /discussicms . Sys-tematic field sampling was 

difficult to perform due to problems of access and accurate 

geo-posit :ioni ng ; atternpts were made to determiTJe -the nature 

of the terrain in selected areas . Iden.tified changes were in 

most :i:nstances cor;roborated by t .he discussions with local 

farmers . Of particular significance were their responses on 

floodplain situated more distant from the river course and 

dowJ)st ream of t he darns . 



3.5 Procedure for Terraiu Analysis 

I ~ , 

" ! : ltd t '': ]! .' 1 (-, I · i ::-; ( !! j 

(TI)wII :· ;II!'II! I, I c)H i) . 

I ),,' 
PH/: ' I. iCUl rl r' CUlllbirtd I: ion of 

I II ( , I Ir '\/( ' I ( )r 11 Ilr 'I II ( ) I ; III r' I I '1 ( , 'I r 'II I ' I ' 'I I ' I ' I I' 
' ! , 1: , ,'-: /1: ; 1 1(111, ( :(ll/Ifll iI . . IOII 

,]lIcl 1II.I ppi III! ( ll III (~ 11'1 ' 1.1 i 11 ! ' ( )/ I IP() II (~ 1I1 ,' ; . 

'I'11 f-! nl · Jppi. l1<j will ue 

I ( )j.>()qr.J f>ili l :.11 :; III '( ' I ~; II ) ( :()IIIP I l' II IP III IIII ! \I .i~=' Ud -1 d n ;.:J.1ys .is. 

Til(~ PI 'I)(;I!! liJ I"!! I I ) I ><! 11)1 i ()W(!l j II I! I:I! inc.:l u l j l.! '-II(:! [oll<.>wlng : 

[or ~ jlll ilat' ellV i t·O lllll' llL . 

b. COlrlp:i .1 ;:'11. i () 11 
I t.' rrrl .i rl c 1 as .o:>i r i caLion 

sc lte(l1I :~ . 

d. TnLerprf::'taticlfl or l.dlld~aL anel ol.her imag e daLa . 

<] • Adjust lllf:!ll l ,S (J r-
I ,h !,,! C LISS i r Lea '-.i un :schewe and final 

:LnterpreLaLjon/lrlriPPJ ng 

h. Car:t:ographi.c ;:J,c Livi. t .it~.s ( f-! .<J. f/ldP C()[IIposil : ion, 

jJr.i flLi ny, reducLj 0 11, e Lc .) 

; .. . ' . -, 



3 . 6 General J:>rocedural 'rasks 

(:() Il<-:-! ( : '- _ c;-~ d , th( ! '-C)II ()w ill (J t_dsks ar(-') Lo be accomplished : 

n . Identification/recognition of Features 

;.lIld dr'\:('mLirH's fJoodplain 

lI(;:~re , the terrain analysis , 

pa t t(~ L'f1S a nd floodplain areas will be 

j 11 i IIU~ rprr~ t ~lU_ o n oL :featurr~s fr.om ima rJ8ries of Landsat 

fv1S~~ d rl'_ ,-I i. [1(" II iI, lf' s pli o l ( ) - f'.1 ( } trI{~\I t:s . (Tonal contrast , size, 

shadow , site , a'-;socia tion and resolution) The relevance 

of these e l e ments to ~ nter:pretation from - conventional 

aed a1 ph( .... t ()gr:aph ~~ is weLl-doc umented (Avery, 1977; 

Bar:rp.J:: arl(.i Cur t'.,L'~:; , 19'7 t : . Ver"'tapperl 197 -' etc ) _ _, v , '" , , •• 

MiHJIl i r y.i Il q L] I.d~3~) ( ~~:; wi I I he used l.o aid i n th~ analysis . 

The choi<._~e of wet and dry season imageries is to 

enhance discrimination between features such a s soils, 

VE'(,JetaU on , dgr icul tu _ca L Land , l akes , etc. for easier 

visual analysis and interpretation . 

b . Inte;pretation 

The second phase o[ the study is to a nalyse the 

potentiaL of Landsat 5 (t-1SS ) data in mapping of 

drainage and floodplil in. The various types of map 

details identified on Lhe image in task (a) above will 

be manually taken on a ,transparent overlay . And - replaced 

. \ .. 
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on the two imageries one after the other to check the information 

content of the dry ~eason image from that of the wet season in 

order to make comparison and take details. A thorough study of 

the drainage conditions and floodplain areas will be done, and 

all identified features will be mapped. 

c. Digital (Computer assisted) Procedure 

The computer compatible tapes (eeT) obtained was down-loaded 

and transferred by bands into computer hard disk then into floppy 

diskettes using the magnetic disk-drive of the National Water 

Resource Institute at Kaduna. 

The IDRISI algorithm (Software package of the Clerk 

Laboratory) has capabilities for processing the data, .as such it 

will be used for image processing. Some of the basic techniques 

to be employed include the following: Density slicing, 

Supervised 

signatures 

classification 

and maximum 

and reclassification of spectral 

likelihood classification The 

classification key to be employed for both visual and digital 

analysis is illustrated on table 2. it includes subdivisions of 

water bodies, wetland, non-agricultural bare surfaces, 

settlements,natural fadama (floodplain) and rainted cultivation. 

d. Field Checking 

Apart from the initial field trip embarked upon in the area 

of study, it will be necessary to repea t d V i ~ it 1n order to 

conduct field check to identify features that did not appear very 

clear during visual interpretation and image process.ing for 
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features verification. Ground photographs of most of the 

features will be taken, and as earlier noted, attempt will be 

made at systematic random sampling during the ground truthing. 
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Table 2 Classifica tion fo r Te rrain Analysis . 

SIN Class 

1 Water boriiRs 

2. 

3 . 

4 . 

:, . 

6 . 

Wet Land 

non-agricultura l Bare 
Surfaces 

Settlement 

Rainfed cultivation 

Natural Fadarna 
(Floodplain) 

SIC Sub- Classification 

1 . 1 Reservoir 

'1 . 2 Dam 

1 . 3 Small dam 

1 . 4 Hiver and Tributaries 

2 .1 Vegetated wetland 

2 . 2 Non-vegetated wetland 

3 . 1 Sandy and Bare 
surfaces 

3 . 2 Laterite slopes and 
rocky surfaces 

3 . 3 Shrubland and gras s es 

4 . 1 Vi11ages and Towns 

4 . 2 Roads and Bridges 

5 . 1 Rainfed cultivation 
(Wet) 

5 . 2 Painfed cultivation 
(dry) 

6 . 1 Stream flow 

6 . 2 Sandbars 

6 . 3 Backswamp on 
floodplain 

b.il Non-swampy part of 
floodplain 

Sources : Survey data (1997) . 
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e. Discussions 

In the final phase , for each of the tasks undertaken 

from (a) through (d) , observations noted would be summarised 

and a short discussion will be made in the following chapter . 

Experiences and findings concerning both the visual and 

computer- assisted image processing will be made and supported 

by ground photographs where necessary . The potentialities of 

and limitations of Landsat mss data will also be presented 

which will enable recommendations to be presented regarding 

the entire study area . 

Having discussed the methodology (i . e . data types , 

collection methods , instrumentation and general procedure 

for terrain analysis and visual/computer assisted image 

processing to be employed . ~ It is 

also vi tal to follow these methods logically in order to 

bring out results obtained from the procedure. tasks embarked 

upon in the study . 

the implications of 

following chapter . 

Detailed discussions on the findings and 

the research are all shown in the 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4 . 1 Descriptions/ I dentif icati on 

I WI) , i I I :. ~ \ · 1 (', 11 · 111 , 11 ill<' ITlilj O[ physica l. feature i n t he 

reqion is LI, t; rJr ;=l i ll i J(] C' :'V::; I ('III . J I. r>. Tl compasses t he Sokoto-Ri ma 

Some few 

ottlp.r Sill;) I J I , Ik e':, I i I:c l.iJ( ' \'uqu Jam at Wurno , Zurmi , Kaya 

darns and ~WV(~rd I o UI(.-~r I i1 k( ~s (Inc! ponds can a l l be easily . 
irlcnLjIicd . \rJhi..l(~ s l.n~; l1n ChCJ I1IW.i;-; couJd be noticed easily on 

( l.r( ~ "~; dPP(~d l qLl ri l lq.lv dll( ~ l. u :;u.i.l moisture , becaus e the grey 

ton(~ of LlH~ sol. l r e t L E~(.~t ~, U.s waLer c ontent (as the water 

can lent -l nc: n~r.lse;-; , I: hp ~:;pecl.r;) J n~fJ(~ctClnce is redu ced.) In 

clay d e posi Ls , rcxJucL i. o n E-~;.;te nds over a r ange of 
. 

waveleng t h s irom O. ll-1. () tJrn wilereCl8 ['0 r sand y deposi ts this 

['eduction occun5 in Lhera ll ge of red light (0 . 6-0, 71tm) and 

near infrared (NIR ): O. '/-1.0pm. Plants are good indicators 

of qrol1 nclwaLer occu .rrence in connection with floodplain 

deli neation . VcgetaU.Oll appears red on t he image while 

sl: .[(~alll (.Low 0 11 liqhL hllJ( ~ LOll e . 1\ n~a s 0 [ sand-dunes, dry 

grasses a nd ba .re surfac(!s j s in disti nct contrast with light 

tones . 
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• 

l.ook i [Il] fUt · 1.l1 ~r- i 11 Wdn l s 1: 0 t ile middle o f t he image lying 

a bove t h f-~ river' p l i4 'irl i4J"< .rlS a nd a v :lew o n the extreme 

Nort heast corner ,:~n\ d[e,::j ~3 or: p l. inl:h i t.~ es or l ate ri te surfac es 

and rocky (l IJ lcrop~ r' isi fl tj p r.·o rn :irl enL l y . The La ndscape here 

cons Ls I:.s 0 C d i.SS(-~C'- 8d In;:j::;:.,0S 0 f leve 1 bedded serrated 

outl :i. nes wh U e lIlP SO l Il-hE" r n corner shows t he appreciabl y 

h i gher crys l:a ] 11 ne rocks 0 f Ute baseme nt complex which form 

pa r t of wh a L is termed UI P hig h pl a i ns of t he hausaland (that 

is , t he Sokoto pla .Lns ) . 

Th e ope n-waLer ( reser-vo Lrs / la kes a nd ponds) produce blue 

lone a l1d t he banks of whi te s h :i.nq l e lh a t appear inside most 

of t he rivet' be nds i s t he patches o[ s a nd ba r s. The dark 

colour on t he i mage re prese nts t he lateri te slopes and rocky 

s u r f ace , wh ile s h ru.bland pxhibi t gree ni_s h co lour and forest 

reserves a ppear dark green . The wh Jte / l ight tone , which is 

dis t inct o n t he i mage , rep rese nt s :=~a ndy and bare surfaces 
.' .: 

with d r y g r a sse s. The rec!d :i s h colour traced ,"all over on the 

field must espec i ally jn t he sou t he rn pa rt of the wet season 

:ima ~Je alonq lh(~ fl oodp.l ;,)lll d n~i:lS are the vegetated wetland. 

The de s c ri,p t i o n o f agr-icultural la nd as given by local 

fa rme rs wLll be discussed later as it has assisted adequately 

i n the :i n l-erpn·' 1 ;: 11 . i O I l (J r' I Ir (~ L ; lfI OSCJt rrr s~-; data . 

4 . 2 IntefPretation of the Landsat MSS data 

The i nt e r pretation of t he Landsat pri nts i s hardly 



(~ I (~ lllP.l1li II I li p. i III . (~ tp t:d J II., i ()II. () f t he 1a ndresources sate 11 i te 

I " . , !) I ', ), lll!' ( ~l j I »), L()f1(-l.l change 

Thus, 

r · ( ~; lI , IJn ·'~ :,, 1Ic11 ( I ~ se ri e~ of r.i..dges , hills, 

I . ( ~'-; I II n '_ 

Pd l , h~ nl i s UI E~ s Pdl L'=-ll dt'['a[lgeln(-~nt of . terrain features 

througho\ll i'-l r egi,llll . 1\ '0 tll c irnngeries have relatively small 

~~( >IJ0., 1I1,-IlIY 1 ( ~tT,lill (~J(~It\(~III ~'i l ,lr.:J.t couLd form d <listinctive 

'J;:Hqcr ~:;l :;, 'l e s cUlllprise the , component of a 

di :il ill<:l . i\l(~ IIII.)\J(~ L(~ :-< IIII · (~ . PdLLl:~ nls rE:~sul.l:in(J from particular 

dLstribuLiolls or U. n ea[lIE~n ts in most terrain 

c CTILiguraLiorls are IJ s lIrll 'ly r e l;;Jlecl to geolog :i.c structures 

DraillCJye 1 ines , which form 

desl J'lIcLive pa tterns , are aJ so important w:ith regards to 

Lhej. t' 1J[1C.iE~['lyi[l<j str:ucLure ;:I(ld 1iL:holoCJY. 

Shape is' t he spat La 1, form w Lth r.espect to a re1ati ve1y 

consl.anl boundClry. ShilPE:~ has been useful :i.n terrain analysis 

aI., sIIIa11 ~)cal.e of the l,an<lsat imageries , as several geologic 

s\'.rlJc lun~ ~ rlfld inc.Li.v.idud 'J re ;: lI. lIre~ C ;:-][I be easily identified 

ba ~; ed on the i r y['ouncJ pla ns . Su c h nr.ltural elemen.ts of the 

lanclscape have i rregul a r shape s , but some landforms such as 
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0 111 I i IIf-\~~ . e ll LI.ur:a 1 [eatu res proved 

rI i r Ii <: I Ii I I (1 i I I If ' r p I ( , I III '( '; 1\ I ~..; f ~ () I' I.t I( ~ S (: ;:'1 I < ~ f d e L () r . 

SIt ; lcjows d o 11 0 1, (~x L ::-;I ' ill 1.11<-'; Lmageri.es , where it seems 

so , I-or ' (-'xdrrlpl c III <l (~f1I ' f ~Ss i()[l s ; lheir i,rnportilnL _is indeed 

i 11 \/ ,) 111 , ill\f~. 

III dql" i( :I.l\I ' I]t',:11 r ln ~,J ~ ; , I\ J(~ I : i(~ld p(-J LI.<:~nl did not stand 

0111 ('\r'fll'ly ;111<1 Iii 11( ' r( ' IItYS 111 crop types, cou1d not be 

di~.,1 illlJIJ.i ~ \I (~d h y h)1l(~~;/L(c'! x l.lJre \/a] ues, while ,Ln Ute non

Clqr' icIIIIIH';:ll ,H' ('(J~; , il W; I S p() s~,~ ihlp- 10 IJ s r~ I-he SrJ lfl0. brJsis of 

10 cJ i [[eu~nl:: zones. However, 

c:orllC' x lu r:J lillfor-tfli'l l.i(lll rJ rld Joca -I f.ie1d data helped their 

class i.Ei cat .ion. Urban a r eas Oil LllP. other hand demonstrated a 

h:iqh nc~lllrri Sigll;:J.\ \vi 1:11 S() II I(~ c\l 'idence of ' patterns . The 

Ilydnllo'lY Oil 11J(~ ill\r]<J(~ Wd~~ n~ ,Jdi ly inLeqJt'eteli and it helpe?-

to rel.al-.e Lo 'l anduse . SL ,iJl f"or ellJ , accurate :i ntE'rpretation 

wi ll 1' ( ~<Jllil ' r~' 1<)(:')\ kll()wl(~d~W , rldequ(-lLe Cield data and 

subsequerlL cllE~c.: k:iJlf.J . The accurrJcy of c lassification will be 

n : lated Lo I ~ hE-~ d nc i LLa['y data availabl<-3 . 

111I . f~ rvn~t ;:lI ion key { ;' l set or :images against which each 

part of t hf-?, ilnage be i fly ana lysed, its ma.tched and allocated 

t.othe r.lass whoseirnage .Ill the key :it. most. resembles is 

shown on table 3 . Deduct. iOlls Wf~ re ma.de in some cases on the 

bas,is or c\l :idc II C8 frolll Lite .illlage aloJlg w:i, l.h ground truth . 

SOltle o[ I... he p (oblems in us Lng the key celated to its 

n(:~xitl'i ,'lil.y , ;:.I~ ,it IIltlY h(~ i-Jn~r-J s PPClf'lC . Same key will 

howeve (' , be used [or other images to be used in the study 

area or other semi - arid environment but certainly not in 
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4.3 Terrain Apalysis 

l~:::;se !lt La 11 y 1 (~ r T ,·l j It . JIl.] 1 y~.; i.s is a :::; I-. I ]dy ()f I . l ll~ 

Table 3: Interpretation Units of the Landsystems 
Classification scheme used for visual interpretation in 
Terrain Analysis and floodplain delineation. 
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or I opoqr.JpII Y, ~ ;()i I, .' JI1<.1 \/(7~(J (-~I:rJI.i<.l[l, Ch t· i.sl i.rllt and Steward 

(1 ()f:, n) "/ ; J~~ IIldppc(l. 'I'll i ~~ (HId I v s .i s Wf'l0 done fI1 cH III (=llly and the 

'I 'opoq )';)pll i ( :.' 11 III"IP 01)( .~(~1 0 i.l td(:~d the 

1\ i 1:- plio Log raphs 

we n >. a l s o used \.0 ;dd .i.n Lh e rn('lpp ing , and grollnd checking 

Ol..:-her 

eqllirllllcrll' Ilsed ifl( ~'ludcd magrl:i.fy :ing g ·lr.Jss('s, stereoscopes and 

v ,;:Jri()II~; nV-J I. ~ Po ria 1 s r.Jvaj .l at> I.e Federal 

Univers.iLy or T(~chn()logy, M:inna. The imagery lIsed for 

t.er:raill ,;:Jn ~llysi~, WrJ S tile dey season imaqe while the wet 

season [or inference and it enhanced 

di.scri lni.naLi.on l> E-~tw{:~('.~ n difl:erenl.: land facets. Such features 

rocky and bare surfaces, 

agricultural and non-a(j("icultural lands etc. F 19ure 13 on 

arpcnd.ix 1. shows the? landsystp.fI1s of the area rnapped from the 

1:250,O(lO r.J S prinl:.ed IJsin<j plan prinLer and r:eproduced at a 

reduced scaJe see f-i.~J. J3 w:il.h a btief :interpretation of the 

" 

Lanclcov(~r so <..Ir:~s.i.(J n ated . . . .. j 

, . ~ 
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4.4 Land system Delineation from LANDSAT Imageries 

As O I IS(~r ' v('d I IV Vc'r:, I'\f )P(' 11 (1 QT/) , I.II (~ i Iii errcJ cll . .io rt ship 

\/d r ' j OIJ~j 

colJeclive]y cU Il sjde ,n=~rJ .III .\;=111 1 sys l eJfI lTiapp:in(j are best 

n~rl!..~( : 1 c~d III III(~ (l(-'oloC]y .1 1,<1 <]t)oI1HltVholoqy , so Lhat. t he 

corn~c:1 .irll(~rpn ' I ;: 1\ i 0 11 ()I IliC ; \li~.:; illl (~ 1,'Hldfurrn has proved 

Vi::·llIJniJll' ill 11' \II~. 11 illl! Illc' I)II\I ~ I ' . I ~ q)( ~d:; 01 III< ~ Idll<i. 

TII(~ fi. r's L sLc:~ p 'in d p J inea U . fl(j Lil e la ndsysLelfis was the 

mappiwJ oC Ilt(-~ di ;](J ll o;-J I. i( : (~ h ;'l!>-j( , :l.(~ r __ .i.stics as discu.ssed in 

some l.exl.s S lidl a::-; 1\.1.\11111 ( .I (H)(l) d l ld lJej(C~ (19 86 ). This is 

then [olluvJ (-~J llV (1 (~ 1 i.1)( ~dL i. o n ()[ l.l.L[r: I.'~ re Il L mo,rphogenlc zones 

on th(:;! various b.r()i'ld lJcoJ()q i caJ 1JII.iL s . The case with which 

Lhese r:c~(j lOllS W(~LU U::~C:O(jll i ~~~d va ,des ~eriou s ly wi lh dif Eerent 

terrai rl types . The (X)UllcJ;-H' :i es are ~e] [ -evident in Lhis case , 

howev(~r , where land is wjdc ly Cu.) l..i.vdLed , lhe resultan t field 

pril t0r ll d Ollli Ilill (~d II I(~ q( ~ II< ~ril 'l rrpp(';-H;-lrW(~ or lile area '1liaL the 

terraill n~lJio tl ~ a t:e iJ (~ry dj LLLc uLL Lo recoynise [or mapping 

purpos~s . 

( 1 qf,ll ) n :!<":OlJ II ises 4 hierarchical 

interpretaU on [Jroperties i II deliJJeating land systems was 

used [or: LhLs sLudy a nd it. is UlusLrated in figure 14. Thus 

using ei the r priH~ary, :'3pcoIJda r y or t erLiary interpreted 

properLies, a single or mul ti -propert y regions can be 

deriv (:~d, aeje (1 986). "For .insLance , if the landform are 

recogll i sed , Ll can ll ~~ lp in 1()L:aL1Ilg both surface and 

subsu r race hyd ro:L()y i. ca 1 c ll a cdc l eli s l..i CS CIS d ernonslra Led and 

shown o n figure 15 . 
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Fig. 14: Hierarchical Structure of human Interpretation 
In Land systems mapping. 

Di rectly Observable Properties 
qn~ y tOri P. a nd co l o llr Stp.reoscopic model 

'./arj,l! i o n of re li8f variation 

Pr~ry Interpreted 
Landcover 

surface materiaJs 
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Sub- su r face 
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La nd Suitab i lity 

AFTER TOWNSHEND (1987) 
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Fig. 15: Relationship between interpretation levels and regionalisation (After 
Townshend, 1987). 
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" ~------------------------~ \ \ ' r'/ 
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' Interpretation properties • Land suitability regiOn~ 

-. Linkages between interpretation levels 
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'1'1)( ' 1,, 11\(1 : ;-- 11 

[f) , IPf1 i rl() pll rp()s ('~~ . '1'11 (' 1rJ(' 1 ~'(';I~~() n i rll i trl(! aprears particularl y 

\I;) 'IIJ ~ !)I(~ r-O l' illl · (~r- pi -pi. inlJ vC"qet.at i_o n, landuse and 

h-/cll ()loq -I (', 11 dc ' I ,li l :; \vlli lc' cll )' :; C ' rI ~'ort imrtcW t.l ppear. more 

~ :llil( ~d If)I ' fl (~() I ()( Ji (:, 11 . llld !] (\()IIIOrpl loloqic: ,;:JIld hydr:-oLog.i.cal 

III, I fl fl I I I( I -

As d I 1 (~drJy i Ti d i I > 1 I _ (-~ d , rlll Lltl[.lor:t..an t aspect of terrain 

Cl II ;:']VS.i s 'i s 'iri(~ nl 'i fic ;:-t\ i011 ,inri rrt; lpp-iTlg of the geology. Three 

IJ f~() I ()(J i (: ;JI . ~·; lJi.l.(~S \v(~n; 1 '("~ coCJnis~~d l_ll t he area [rom both 

j rtI rt(Je r :i ( ~S • 'I'hpS8 c'()lflp ris(~ : l'.tw II() -Io\.(~ne and Ple:istocene w:ith 

r.iver <.k~p()si.Ls, d[\t : i(~ nl . ~ -; ':'Ind dunr,.:s ;:ltld cover sands in the 

North; LcrU_ary cHid cretaceous rocks constituting of silt

sh)nes , sa ndslone ' s , c l ayE.~y , getts , shale's and limestone in 

lh(~ mi.ddl e i cH id pr0. -C;:-lIl1hr .i an roc ks with :i gneous and 

IlI c~ 1 dillorpil i (: n)t:k~; i 1\ 1 . llr~ :;0 111. 11. 'I'II( ~ b()IJlldaries beLween the 

sefiirnenti'lry roc ks and the c.ry s l·_ r~JJ_ line roc ks of the basement 

ccmplex are clearl y demarcated on figure 13 

11 _ W ;'J ~ j l> dst~ cl on !Jle qco L()(JY, I.Jt(~ dominant geomorphologic 

processes and the superficiaJ configurations were mapped. f ' 

'l'he following landsysl:ems were mapped from the imageries: 

Drajnage pattern, floodplain , landform, Agricultural and non

agricultural land . 

Not aJ.1 the landsystems could however be recognised 

fn -Ily from I.he 'imager-y, ancli I. W;:-IR ri ot e(lsy to esti'lblish a 

clear distinction be t wee n t he e xact boundaries of some 

terrai n fea Lures .,Th e v ari ous landsyste:ms are briefly 



a. Drainage Pattern 

Th(~ ejr'aillClq c p ;.) 1 '- . p.1' !1 ~ '::') [e indicators of landform and 

hr'r\ro{~ I '. 1 y pr' , dwl ; I I ~;{) :;llqqr~~ ; I :~ ~o i I dlclri:lrt0.risLi rs anel site 

plaLns 1.: l1e pr(~ -Cambr ian 

h ;::~ ~ :;(~ rrI C rt l (:O lflP I e x r 0 (: k : . .; I r I l II r~ son I: h ea st . 

'1:11 <; SokoLo high 

rocks of the 

J t has broken 

pl ;:'lill ~~ rrolll \oJl,i c li ~)L(;(~p :-; i.dc d qr'Cl n il:: .. l~ , (Jneiss , a nd quartzite 

:in~~p]h(·'rq~L 1 ':x l( ~ Tl ~; i v(' br~ll s or phyJl.il:c occur aJong the Ka 

Hi.vf~r b(:.' t:wcc li BuklJYIJln a nd l\n ka dS well as in the East of 

Ma cadi . Th e region .i, s d j ,ssected by numer ous shallow 'valleys, 

whi c h forTH I.:he draj .. fl dqe channels of streams flowing into the 

upper read ies o[ Lhc I.Ultl<.i Lributaries . The badlands 

l()p(\q r; lpllyi ~~ ; 1 rc;~"111 (l l 111(; r'()p 'id 1I(' (~dward ('ros:iofl of the 

stu .. ~ams , whL ch in Lar.n is caused by the rapid and high rate 

or surface rU Tl of \ .. . COfld .i. t:i orrs , wh:i c h encourage this rapid 

a nd 1l.i (J Il r'rlL c or ~)UI ' [ ;:}( : (; nlllol.'C , includ(~ : the broken nature 

of l..h (-~ la rr<i scrl pc , wid c: h creates cons-i.derable slopes, the low 

p(~nnc(] bi.li.l..y ·o[ '-lIe nx:ks and I.ltn c haracter- of the dendritic 

draj. nage pattern , forme.d by the mai n streams Their 

tributar i es branchi .. ng ;:lnd r-e -bra nc hing freely in all 

d:in~c Uons. :rt occurs hpca ll se oC the relat.ively homogenous 

\\1'1 1 ( ! r i ;) 1 ~.; 0 1 IlfH' i i '.I)1lL;J 1 1 Y bedded <J rani te and the 

sedi ffle ntar-y rocks of the (:;undurn:i and R:ilfla 1110 ser:ies and the 

younger' s8('ies of Eocene and post Eocene age known as the 

" 



Cdl c:, JI '('() II : ; , ll ld (; 'I I , I!I,,11 q l '() IJf ) ~ ~ - ,J11 I:o\l(-~ri n(j UK~ vJcste rn and 

IIOr'III('rll p , II" 1 0 1 ::()ko l o . 'I'll!' :~(ll:(i\ 0 I{ i v('r' for' .insl 'Hlce flows 

'-11 rOlj(.J ll d b [o,-Hi rI d 1 - \.Jo l 1 orl1f~d 1 r:CflCtl -.1 l ke va lley between t wo 

G~ner~lly , t he drainage density 

b Floodplain 

The~e a re re~cJ i.I y n~C()(j[1 i sed o n the two image r ies . 

]11.ri, ] 'I(~d J,~jk p.s , POllds , Im,!;:Hldcr traces , lakes / reserv oirs, 

cJj rl-en-~d ',1/11<':1. i () II ~ , ( ~ I c: . T\ ~-1 \'I/.'ll .er bodLes absorb i n f rared 

1 hey r3 1 vli:JyS ;IPP< " I r.- ci(Jrk on i nLr ared posi ti ve 

p r.i 11 ts . nu I.:. OIl u)(~ 1';:11 ~:le (:u J our c ompos i te ( FCC ), as on 

compu te r p .r:i rt L ou L on figlJrp. 16 , it clearl y appears Ash in 

co lOll r . R(~ma rkdb 1 y \!P.q(~l:(l t Lon tones appear:- reddish i n colour 

wi Ul r:orcs l. r::es(:![ves (I l le! V(-; <]('I ,'-J I- c..!d wc~ Lland appearing dark a nd 

~n'(~ r lisll rc'spcc l. i.v e l y. TIH-~ floodplain will be explC'l:i ned :in 

del~ ail~ later . Some of the j.nunc.la l: ed land , ( floodplain) are 

d :isplaced o n rJ ates ~ a nd 4. 

c. Landform 

LYl[)() above Ul!~ r-i ver- plain s are areas of plint hites, 

(or laterite ) h:ighly :inferUle and most commonl y c over ed by 

blJsh or: forest reserves . This area may be used for grasing 
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Fig : 16 colour composite 

PART OF RIMA FLOODPLAIN 
(LANDSAT MSS, 1987 
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Plate ): I nlilldale~1 wet 1.:Jnd 011 Sokoto River 

Plate I,: 

... --.-.---------~ -

Plate 5: 1\ sharp ridge of rocky hill with sharp crest around l-toriki 
with aTh altered vegetation 



'I'll('~ p'l;) Ln display little 

01 11(~r: lillldf"onns 

111(' ,I i \ I () I ~l l '(l\llI( I , ,pi lot otj raphs 

( i) 1 h(~ I idq(~~ ' consJsls of ' quartzj te 

virL\J rllly h;H' ( ~ r-t)( : v,y Ililis wilh S IIiH-P crests sta nding well 

(Li) Scarps - ~~crJrp.'-i a r(~ Conned at the edges of . 
I ; JI( ~ I ' il (~ ('dP:-; ;J~-; ; J r:esu lL of lateral slope 

'I'h i :'; i s in [orin of inselbergs 

cons i :; 1 i.rl(J o[ <J rdrd Lc df!cJ <jrl(:~.i ~,~, wlij dl arc tlte mosL prominent 

features of the Area (sec pl aLe 7). 

(iv) I )l lrlc ~, - COV(~ t ' ~; ': lIld~) sl..i IJ. pr'es(~rvecJ faJrly well. 

The dUrles of Sokoto 

general] y cover sands var'y if! lengl.:.h from 1500-2000 ft . and 

width [rom 600-1 , 500 ft They a L"e 31-60ft and occur in 

isola ted and sca L te red expa nse,s . 

d. Vegetation 

The ve(]ct()t :i on r<~ rl<-~c ted for'est reserves , vegetated 

wetland a nd Shrubland . Tlte woodland is much alte.red by 

persjsLen l-, llurnan Acl:i.vity ( see [Jlate 5 and 8) . New land 

i s lJ ~ IH I .1 Y c 'l Cd red r () r i-1<.J r.i eLl:l L 'll rc by slash and born 

, 
l 

" " 

.. \ ~/" 

·rt 

~t]~.f· 
'-,';' 0-

• ~. 0' ~ 

.. ''r~'' • • !;. 
• '.o(, '. 

" ",,',f , 
;<. ~", 

'.,;' jti 
': "';, , 

. ... • ..01 



l () 

.. -_ .. --- - -•... -_.----
' .. 

Plate 6: Scarps a t e dge s of laterite capped bills/slopes 
, : 

. " 

p late 7: Rock outcrops (an inselberg near Bakura) 
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Slash and · burn method and bush fires as reported by 

d ' f' ld r k'ng What 'woodland loca 1 fanners url ng leo c lec l . 

r:ellidins .Ls extensively exploited for fuel (wood) with 

very few 'dispersed large trees left - a . dangerous trends 

t.hat need to be check.ed , as t he resultant opening-up of · 

t he canopy :i ncreased widespread and leads to increase 

desiccation , Ayyepong , (1984). 

e. Agricultural Land 

Th.e ayricultural land resources is divided into two 

cc-ttegori es by the Hausa farmers (see land classification of 

Hausa farmers on table 4). These categories are referred to 

as fadarna and Tudu (land which does not flood) . The fadama 

is found principally in the floodplain of the rivers, but may 

also occur in enclosed depressions away from riyer courses. 

Such areas usually present the farmer with a variety of depth 

and duration of inundation offer a diversity of resources 

suitable for a range of crops of particular importance are 

l"i CP- , \lc~q(-~t abl e~ , lIIai7.e, sugar-cane , etc . (See table 5 for 

the crops , fadama cultivatioh). The moisture trapped in such 

areas prov:ided the capacity also to grow crops during dry 

season. Again rice , vegetables, may be grown together .with 

wheat, cassava , tobacco etc . as shown on table ' 6: Crops 

irrigated cultivation . 

Prior to the construction of the dams, fadama land was 

used for rice cultivation or for recession cropping after 

[loods had receded . Recessiori. crops included pulses 

, 't' 
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Table 4: Land Classification of Hausa Farmers 

SINo. Sub/Class Rausa Name English meaning 
.. -- _ _ ___ • _ _ 0._ ---------
1.0 - Fadama Land which floods . 

1.1 Yashi/rairai Wet/dry coarse sand 
Dark coloured mud 

1.2 Laka Light coloured mud 
1.3 Tabo Well mixed mud & 
1.4 Bangarji sand 

---_. 
2.0 - Tudu Land which does not 

(CuI ti va ted) flood 
2.1 Jigawa Sand with organic 

material 
2.2 Baringo Red, Silty rather 

than sandy 
2.3 Jangarigari Red clay 

2.4 
. 

Yashi/rairai River Sand 

3.0 - Tudu Land which does not 
(uncul ti va ted) flood 
Daji 

3.1 Wooded, potential 
Dabaji crop land 

3.2 Stony, used for 
Fako grazing 

3.3 Hard, barren ground 

red and green pepper , Okra , tomatoes , onion and garlic) and 

pumpkins (calabas h and water meJon) with the control of the 

Rima and Sokoto rivers by darns, flooding is reduced and the 

trr.ld:ition(].l. f;:)(j;.l lw:) croppj.n(J 21rCi;l Ls limited. On the other 

h::tnd farmers Ln lhe area reported that before the 

construction of the dams , there was cons ide rable flooding 

which ceased after the dams we re completed . ' 'There is chinge 



II,JIIII ',,1 1tJ(~ L :;(~ ': I ~C)[l floodinq or 

the valley ) whi ch W,JS d pn,rrLlflC'TIt. 
feature of the natura l 

Legim~ and where dry ~,;(~a::;U I1 
L~ [lOW sus ta ined by release o f 

wat(.~ r:' from the dofns . 7\cJ;-lrfI~ , ~J . M . (1986 ) has shown t h e 

inundation and 

J I' I t' s '.it i s djsl.r ' ihlll.i(\11 or (:r-()[>~; III Ill c l ' rI<!;lIl1rl (I rl(I ['(Jill . 11 , 

, I ' L ' I' I l , ll". IlcJLLlr~(-l ,l . [lOOl' i re(lLrne wi l l Ch~d ,[ LhdL dlly mOul J.I.:.,l , 1011 0 '- :j 

have profound ,i rnpr1C l. Oil 1 ,"1flt Illsc-~ ,i, n areas ou tside t he 

i r riga t i on, sctH~lGe . 

floodin<] of ttle ['(~~er:vui. r's llave been resettled . It was 

reported that floodp la.i. fI (J reas had become increas i ng l y less 
. 

productive since I.:.tK [Jow of 1: 1'18 river Sokoto and Rima river 

had been resLr,icLed followirJ(j L\le construcLion of Bakolori 

~ , and (Jor.onyo on the Lwo riV(~r ~, u~spccLively . R:L ce i ss t i 11 

the most inlporLaflL c rop in l.ho present fadarna cropping area 

with recession cropping o[ cassava , sweet potatoes and beans. 

P'::ev :iolls r'acJ;:Hna arc prc ~~(-~ rJl . J y rlol flooded a ny mor e it is 

LntensLvely IJswJ ror Ih(~ qt 'owLh o[ sor:ghum, mi11et a nd pu\,ses 

with some maize aIld sU(jaJ' Cd rl (:-) cu l.L Lvalion . The r emaining 

Tudu - land far exceeds the floodplain . Agricultu r e on Tudu 

land is Lotally rai rrfed , although , the Tudu land is at 

present sti 11 subject to inurldal Lng because of heav y r ainfall 

the Goronyo Leservo Lr whi c h has caused some flooding 

incidents in the past few years . The crops here i nclude 

various Illi LIeL , sor<jtJulTl , L E~ qlllllP.S , peanuts , cotton, c assava, 

.; 

I ( 

-, , 

",·1 '., 
\i 

~,. ,f 
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·1 
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TABLE 5: CROPS, FADAHA CULTIVATION 

CROPS 

Rice 
Sweet potato 
Cassava 
Sorghum (white and red) 
Pulses 
(Cowpeas, beans, 
groundnuts) 
Millet 
Sugarcane 

Maize 

PLANTING 

Miy/June 
October/November 
September 
June 
October/November 
July/August 

May/June· 
November/December 

June 

TABLE 6: CROPS, IRRIGATION CULTIVATION 

CROPS 

Wheat 
Onions 

Pepper 
(red/green) 
Garlic 

Tomato 
Okto 

TABLE 7: 

CROPS 

illet 
orghum 

PLANTING 

November 
October 
December 
October 
November 
October 
December 
October 
November 

CROPS TUDU (UPLAND) CULTIVATION 

PLANTING 

ulses (Cowpeas, grOlIDdnuts) 
assava 

May/June 
May/June 
July/August 
May/June 
June/July alabash 

)DUReE: RASKONING FINAL REPORT (1995) 

HARVEST 

September/October 
March/April 
February/March 
October/November 
March/April 
November 

September/October 
August/September (next cropping 
season) 
September/October 

HARVEST 

April 
February 
April 
February 
April 
February 
April 
February/March 
March 

HARVEST 

September/October 
October/November 
November 
December/January 
December/January 

\' ' 

.. \ 
\ 
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( I! I '/ ('" ) 1\ '-' UIJ .I.;.l nd cu l .l:.ivation). : ; r '( , , J) ( , : . . ( to' ~l , t J-

F.ina.lly, :i t s t loldd b(~ no! ed Lh r-.d . part of Lh is land is 

(~11V i 1 ' () 1I111 (~ 11i 11. 1:; P(~1111i I I ('.1 I t1t~ (~\I. 111J .II .. i O il or l.l\(~ '.:d [lobility of 

These aspects 

e :-;s8tlLirJlly lJd ;wd Oil rir-~ ldW(H ' k , docLJlUenl.: ar::y evidence and the 

The primary 

Ohj(.~l: l . i \I(~ .of' wh i ell I ~ ; I 0 (~l1 h ;-JrlC(~ del j neat LOll of floodplain 

a n ;;-l S f1:-; We' I I as I II< ) clev(' I OP"I( ' II I () ,- ;'1 su [vey Lech.rLique , that 

couJd be us(~d [or {ul.ut:C-:\ pn.)(]ra lllln8s in Lhe basin . 

4.5 Floodplain delineation 
• 

Th i.s s Ludy is eha r ;)l.;l.. l~ r' i sl.'I,l by d(~ducL i ve app roach , which 

Irl rluodpLcd ,1I del ineation, Lhe purpose I , i~,', 

pr:irnar.i. ly to detec t l.lle flood a nd flood prone area. The 

rloorlpldill ,)t '(~ d ~'i wurr~ d ('1 i ll( ~ ;:J Lcd in ('our: ways, according' to: 

tJPography , so :ils, V(~~.wl.al.j(Jfl and the E:~xtenL of flood-flows. 

'\.'opoqr,'aplly - Tt, C:'~ l.rJnd:-in \ rtls::; d ;lLa is hel.pful in mapping 

f J oodpla .in as t he Lopoqrapll:ic feature s appear very distinct, 

and wh en aeI'ial photoyraphs were viewed with standard 

stereoscopes , topographic .features appear exaggerated thereby 

making .Ldent .LCicatLo[1 or: va ll(:~y f'eal.:u r:es a r elat ively easy 

Li-Isk .i n TIIa ny .i Il SLa IICCS . 

Soils Because river nood[)lain are built feom river 

deposjt.s , t he soils ()[ fJooclpJa.i n proves characteristics 

dL sl i.ncU.vE~Ly Jif'leren l rr:Olll t lw::;G or t h e neighbouring uplands 



V l I ' , Oltr' o lllP t' indLc-3i.:.t)r of floodplain is the ~(jP. , '::1 :~ l.Orl - . " .. 

" 'iqour' or he'> ;:'I '! UI or I liP vcqc l zll , ioll, wld eh s(~rves as surrogate 

Tid ~ Ln til r.n 

l\~" L he Wil t er 

I ~ .; II i q Il III 1' 1 oodp Lrlill, o ne ca ll expect the 

OCl.ur.r.'f:~rlC:0. of rnorp Il h -llLhy pl Cl nts arlcl a lI :iUh foliage density 

~;ll()w n ( ~\l r~1I 0 11 Illc) IlrS ~;(~d ~;t) 1I 1IIIdqr~. ThL:::; exptains why colour 

:in[ran,~ c\ j . lllf'l llP. ·i s TI O('l llrlLly p n -) ['e rrcc\ :in Lh:is study because 

l.ll () Nln i s Iliqllly n~rl(~( : I , ('ll hy 1.1I(~ ~.; pOllgy m8sophyll of the 

leaves of healLhy p.l rlllLs , til e v 'igour was revealed by Varying 

deCj re(~~ () [ I"f~d (;() I ( )I! r , \,,1\ i c it faci 1 LLated t he precise 

dplineatiorl of thf-~ f]oociplclin. 

ex Len L of parL of f:l ood f'I ows . However, only some few 

evidel\c(~ of [Jast flows was Cj d ,Lned fLom first hand observers 

who wcn~ nbl(~ to pirlpo irlL tll(~ pos:i.Li o TI of th e water surface 

Lr: the I rlnd::Jcape and '[ rolll r C. ~ d t , IJr<~s s uc h as organic debris on 

[enc(~s ,Hid deposit s th,lI, we ' u) t i(x .l \.0 Lhr~ pr3sL floods. This 

method pJ..·oved very d.LfLicull , as 1 t demanded extensive 

Lieldwork and interviews w:i.th local residents. Therefore, 

thf-~re was .Littl(~ pra cL i cal SUCCf~SS llsi n(J t his method . 

Us:ing the [ou r' i nd .i ces allO\lf' , Lhp. 'image overlay 

Ltc!dw LqlH~ WdS (:-)IIIP l.0Ylc!d tn syll t hes Ls in<;J Lhe 2 images and a 

standa r d project floodplai n was mapped as show.n on Figure 17a 

(Appendi,x 2 ) and ;:J [educed version Oil fiCju .re 17' . Floodplain 

are here def'illeu i?ccord i, IICJ \.0 gcoTflo r pli.i c: criteria , the floodplain .. 

.. 
·l ! .. . . , 

. . 
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I v i[l(J , -' 
Lalto alone] the rivers 

wilh II,P o lll(' r 1"Il,il s IIlcHh'd by sleep slopes , the valley 

ItJd 1 1 ~ . 
H ecl.ar(~:::l oE I-.he floodplain 

f ' I I 1 I I ' ( ~ . I I 'l ' . I i\ pn~.Limi.nary 

hl( ~i-Ikd ()wrl b i-J~~r'( 1 I' ll 1\1(" cx i:-;l.iny sche mes and pot(:. ntial polder 

Table 8: Irrigation Project Areas Mapped 

Project. . Tota l Area Mapped 

1- Ba koJ 0 ri lrriqrl l i O il /\ rc~,l ?J , OOO 1-1,1 

~~ . S t I i II k (J Li. I rr.iq<:IU Oil I'roject 15 ,000 Ha 

3 . Kagar- Rima Polder 2 ,081 Ha 

4. TakaklJrrna 1 ,0 74 Ha 

5 . WU1:-no 1 , 200 Ha 

6. Others ( inc1udLng part: ot 20 ,00 0 Ha 

' l'nll qWtl l i) 2: -- 62 , 355 Ha 

Excludi n<,J t he sl.:. r:E:~am channel itself, the floodplain is 

11\0'5 1_ prOl1e l.o rLood.iWJ· Secondly , floodplain soils are 

poorly drained because of the nearness of the water table to 

surface ':Hld :::l( l tur'<1tjo l1 by flood wat~~rs and t h irdly, the 

~ floodplai f! IIlllS t have beef! formed by .Lncrerne n tal erosion and 

' ) 

i 
\ 

\ 
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, ' 1 I ' 1 I I , J 1 I '. I ' ," I I til I'. ( 1 t .';;J 1_, 'I () It " 1.-. ~ 1 l · l~ atn~ i n dl'pI):;illl)1I , 1: , : :1\ ( '1 , 1 (" ';)1 I j' V ,) _ ~} 

'l'jlC'rf-'rnl(', Ihc·' ho rciers of Ihe floodplain 

A good 

i IllIsl r ; !I 1(111 (ll s():il , 

i ~.; ~ h('vJri Oil I t\( ~ I I ('(Hlp I r-I ill ;-I.U! r IS lIIr1pped with various classes 

() t ' IHI i 1-. ~i . 

4 . 6 Hypothetical cross-section of the Sokoto-Rima Floodplain 

I tl(~ rloo<ipl.a-irl dr-aw n on figure 18 

i lid i (: , ll.(~ I.ltl:-~ n:~l(Jtionsh.L1,) between 

var.tous unit S CllIl l g.i ve s adeLL UonaJ. inforrnat :ion on the 

fl nodp I d Lf1 . I. (;~ y!:-~nd qnllJP I. n~C(~rs t.o the low terra.ce which 

occur lilw r ·-lo(-~- Iik(! palc:hes w.ilh _lrl the [f1 e-lin fJooo[Jlain . 

Group F 

(i-'I()c) IS .levee I i. kp p i. l r\.s w:tLh dense woody cover , tufted 

qt:dSS8S chara.cteri~'--.ica1.ly-h.Lyh acLive termite mounds . Group 

T is the Imil w:ith sp.dirn(-~rlls ;:) 1 top li-Iyers thaI. ('ire CI mixture 

sed ·i nlf:~ rll i'l ry compos iii Of1 il Tld ill f~() l.i c1 b .i.J :i I y l. 0 flooding with 

ne( :ulliu l d Lioll i 11 Ul(~ :::>ullsu r face layer Group C (central) occur 

in the central parts of the ma :i n floodplain. The soil 

seems to be the mus t Lmpo rta n l.: ag ricul turally because tall 

(;t'OIJP tvl (Mi(,>Jl:(~()IJ ~j) is rLakf~d or l11.i ca and. is abundant in 

recent spd:i rnf~ nts. 1L:is .n~ lat.ively h :i.gh textured . 

SeV~l\ Land ir-rLgal . i o ll c lrl ' ises have been sug(jesLed. for a 

poss:ibJe e~li TfI ('iLp. or toliOl.l .laTld acrp('lgp. and suit('ibil:ity 

" 

I 

I 
I 
l, 
!-

\ 
I 

\ 
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,HI;:) Lys i.s , I :·:i ~ :;()[Il(~ () i I I "~ (: 1.--l~';S(~:--i d n-! 1. Lke1.y to be (very 

s u .i t. a h l (.~ r slJitat.Jl E~ wi l h some 

4.7 Present Situation of the Floodplain 

Out.cr'ops of 

The main channels 

I n general, an 

IJPI'C r r lllt .l d I ()wC.~ r [" I oodp LrJ iT! <.:':ll l l>l~ d is I. .. Lngu i s hed, t he former 

p~rLicu]~r]y along the Sokoto 

river . '['IH:~ I We) f1uocipLJin (~h.lll~ll l.:. S an~ normally sepa rated by 

r.i eli sl. i rIC! s l (p or ; II.H)II! l-·H lllhlli. I hE:~ vert .len1 sPpf'lration may 

10 for a Llooclpla .lfl on Sokoto R.lver c'l:[ou nd Bakura Village). 

'1' 1 \!:~ upper noudpl;:) i..n is <JRnerally or n(~ar high flood levels 

wil·h SlJrf;:-lC(~ (Jppan~rd: Jy fa .irly stable wh :i.J.e t he lower 

TL L::i t ra ve rsed by the 

: 11" !III( ~ 1 or \l rilid~:; 0 1 ll\( ~ III ; d!1 ri\l()J' FI nd by !IIJlnerOUS minor 

f lnod ch rl!tnel.s . T,()w sand bars alluvia.l flats and gravel 

'ou flcl s and spreads fII ;:1 ke up :i. Ls surface . Th e main channels 

)rc ~ up I () :·H.)- SOIIl wid c:~ l: ypicd.1.1y b[;.)Lded !:.rench 1 j ke in cross-

The beds are 

r .LaU: i.sh ,;.J[1cj. sa ndy, except where subject to scou.r which 

proclll ce~ ·i rT( ~(JII 1 ;:;r · minor c:hanneJs w:ith deep holes, and 
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I 
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('( >Ilst .nwl ion () r' d;IfIl ~' r ili d l·f' S(~r'voi. TS) the fadarna received 

(~\/(~ I"y yl ~ , ) I ' ri 11(' dl" p o : ; i I ~ ; (' I rl~ I ' 1 i I I ' rll II)V LI.IIIl . ,[, hi~ Ls no 

I O IHjC' r I II (' ( ' ;;S ( ' , ; , I IIl( ' "qll I (,()d i Il q s l. i :I J occurs whenever 

r ;Ip. I )Ps p.i t.r~ Lite almost complete 

I_Rn\lL r\<I\'. lc.1I1 of III i , ' ,.JIII .C)II I. ) !. i c; I. o p so Ll r-enewal [>[ocess, the 

Soils are 

(y~ IH~t 'dlly (JO()! i, \v d l .(' I · is dVdi l a bl(~ [o r Il1osl: of the year and 

tP[Trrc:e i·Hld SIJT'f;wc' ·i.r-r-iq ;.)1 i o n syslprrls are reJati v E-!ly easy to 

cowiL nJ( ;1 

Thp. floodpl. ;:}Ln di.d 1I ;}\1(~ ;.j s iqnifican t jnflu.ence on the 

hyd r()lo~.l c ;: 11 f er.JLI JH ' S hy dp- s :i J l'i rrg, r e La:i.n:i ng a.nd retarding 

I " ,~ i ''' flO t' \ d Ill . 1 0 It(W('~ a 11 j dea about the 

t~x p(:>. c lyd rpLIJrl1 p(~r' i ()d or ' \/ ':H · i oIJS f loods downstrearn of the 

(~() t'Cl n yo- Resp. r\lo .i r.- . F' t ood~l I' " ,,' c harrlc terised by the peaks and 

volurn(~ s . III I. h f! CrtSP. of Ul(~ H.i m('l Cit Goronyo , sudden flood 

F~aks do no\.. OC( : IJ t· IjW~ to I:h(~ size o( the catchment 

appr ox:i.rna tely no , 000 kll ? net . Pea k flows can last for two 

we(~ k~·j; It\OL'(~o\/(-~r ~ ill (:( ~ 19B8 [J.ows are regulated by the 

opera L :ion of the reservo:ir. Such t hat sudden pea k releases 

are avoided. In t.he 19B5 wet season volume of 1347mrnJ is less 

than t he 1994 v olume of JflBmrr? Nevertheless, daily total 

releases in J988 0 1 3;)Orn~/~) 1;) ~3LerJ for 30 days, while 1994 

maximum of 352m3 /5 lasted for 26 days . Thus it is extremely 

diCfi.( :1J 11 1.0 ( .~~-;I : j~lII dl::. e rr.~l:.ur n p(~rLod~:; for' t he downstr.-eam 

floods . J nu nda t j ons were expeLLe nced :i. n t he floodplain 
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1<)911 w ( ~ 1 ' l ' II f-~S(-~ r -l oods darnaged part.s of the 

0 111. 1 p i - s l ill i flq h ,-I:: i II. 1\ II ll o utjh :impro,,:i n~l reservoir 

IIl.l y , l. IIII .:)(J (; , litni(c-;d is 

una\7o:idi-lhly .IT I Ill t~ C:i-JSC or I OvJ proba bjlity floods. It is 

I () (luw[1 S 1_ ream i.r.rigation ,. 

i 'Irr' ; 'I~'1. f'l1( : llln' ~; . \. 
On U1(~ <J round W;J I er- poLent L:J Ls of I::he floodplain , the 

So kot o [.=ld.::J lTl<J wen" b Lgh ( ,1 DOrn] /day) . The aver,age among five 

s u c (:( 's:~ r II 1 bor c' ll o 1 ( ' I rlppiTlY, welLer ill I:he alluv:iurn at 

Tundafla yielded (by GucLion pump) l090m1 /day with only O.76m 

or drC:l wdown b(~ low a slc)l. :i (: Wi-Iter level of 2m, (Anderson and 

Q(J i lb !C~ 1971). 

Th(:~ ri quLf'e l ' ~31_ ()t_'rj(J(~ in Ul(~ Cadama is increased when 

' : (~(: Il(JnJC~ ()(:( : Ut: ~ i <lllt ' inq Ill<~ r ',Jil1Y season uy LnfU.tral:ion of 

.r -' (lodwCi l (:~ r fo -Ilowi nq per i.ods of heavy rainfall or by 

perennial streAms flowing over it . TherefoLe , the floodplain 

:in the basirl :is clearJy CJ sourc.e of water supply in the 

n~qi()11 d lHi d 11 ( :rof.J ~ ; eS t')(-~c,i.r) 11 y "e(y~ '-: aoles need water to 

l\Tld most or L h(~ urlcerta:i n ty associated 

wi. th r ai n (all eel n be e LLminal:eu l:hLOUgh iLt:' igat ion which is 

t k l S.i ci-l l 1 y ;1 11 tlt'l i f'i C 'i;:1] wa y of s urpJy :in~J water to the crops 

~"hf~n 1I ."':! I , IJt:n 11 f-~ r ::-;(~ lr d()(~s ll oL pl'l)\licl(~ U-" t he f<3.dama can be an 



4.8 Digital Image Pr ocessing (Comp-uter-Aided Analysis) 

4 . 8 . 1 Preamble 

; '( : ( I' I i I ( ' ( 1 , , ~ .; [ I i ( ' I I I I ( ';; . 

Onl y at 

pi ( :1 II n'~ ; . 'l.'11('r( ~ .I()r(-~ , orl c( ' i=lrl irna~J e :i.s prod uced , t h en it, i s 

i.n d i qil.\1 r:OI .'II I , rlJr ' II\(~r IIIrlnjpulrlt: .Lons of data can readily be 

per[orrn('d by cclfrlpl.lt e r Lo Rx tracL use fu:t :i nforrnation frorn t he 

'L'h f.:~ i"olJr' I lIr)ill ( : O I 1\P()II(c~IlL s IJ sul [o ,r the analysis using 

b()l.h lI rlnlwdrc and ' sol 'Lwdre .i11c:ludE-'~ : 

; J . T ll p' Jt. or d i (J.i I:. ;) L dALa U::; i.r1<J ma(Jnetic tApe dr ive of 

I the water' Resources l T1 st:j!-\~~la H:i. gh Dens:ity Digital Tape 

(HDDT) wa's . ( ; ()n"f~rL f-~d to <:C'I'. 

h . Slo :r(·, ~W of l.h(~ del l ;1 O TI ;:) hard disk of an I BM-PC and 

l:hH II on f l.oppy disknl.l.0.::, . 

c . Processing of the pixel data using t he IDRISI 

software package of t he Clark Laboratory . 

d . DLsplay of '-h(.~ data ()nd 017 the analysis 

rerfoJ'lllPd on Lh~~ di'l Li'I usi fig a colour rnoni t or 

rllld pr in te r. 
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4.8.2Pattern Recognition 

V .- ll · i()11 ~) 1- ~ ~ . I'-III ( ~ ~; O il I h(~ itl k l ( 1( ~ dd U1 w(~re crJ1 _p.(jorised into 

" cI (' r Ii i I" i , I II 1 (' \' I ; 1 ::; ~~ ( '~ ~ \I I ; 1 ( , ': I r. 1<' J i (l\ l o r ~ i q r I.i Li ( : (\ II I <11 t ci b u Leg 

I\ ~: () llr' (' y ( ' ~ ~)( ~ r (:( 'i \lc ilion' c:ololJr~ t-hafl shadp.s of grey, 

IJ\<: lJ ~ ; !> or (;() I ()IJ I(~d ilnd<jr's O il III (~ [8M-PC (l\.CER view model 54 

cl .) tl ; l :-~ dri lTflclli (,; lll y il\(:n', l ~~(-'d Ihe arnouflt of :information 

I h ; )1 W . I ~j \I i ~ "I.JI i ~ ; r ' d (~"r' l i(~I ' on I . h(~ llorJua1/fALsp. colour: 

C:()fIlP()~' i 1 (' ! II I I fI(' i rn ; ")(' ( ~ (~(~ .I i U\ I rc 16). 

4.8.3Image Classification 

Th(~ qr~()<Jraphi c;.:Jl n~<J i ()1I \:oflve.rin<J T.t)(Ju dam at Wurno 

(n(~;H' ~~ok()t(») ~(~(' pl ;' llf~ 1J showi.nq prlrt of the darn and the 

Il. (-~ X l -_ ~_~flds Ult'OIJ<Jb River Rima to a small 

portion or C~oroflY() LnkE:~ was cl.ass :i f.ied usinq the initial 

c ldssi.fical.: .ion kE=-~y appLie.d for visual ter:.rain analysis and 

noodpl.a :i n del. .i.ner:J1 :lOTI. lI()wev(~.r , the class:i:Lication here was 

dl"Jr'd(:I(~t'i~)(~d qll . J.lil 'lli\lr~ ly by 11l(~ [c~dlllr:c:!~ remol:ely sensed 

spectra] respOTlSE-'. 

fin3t ami f<.lrenl()st~ , Densi.l.:y SU.cing was Ilsed which 

.i TIV O] ve~ the gruup:i T!~l of D:igital nlJrnb(~rs (DN) , 

'I'lIr' <~fr E:-~c l or dlll .OIIl ;JLi(: t bresholding is shown 

OT! tab 'l e C) wh(~ re the 2 5;-" grey level s of t he o:rig:i nal images 

hA\lP been d i.v Lrled Ln to seve r'31 clAsses . 

Contrary to t he popular bel:i.eve computer 

(:l;-:ls~i[il..>jl'ion of r ernn l.:ely seflsp.d irna<Jes is not a difficult 

p~1Jt or illlrHJC r.'\r'l~giri(~rIL i(.lTl pr()c(~dllre, hul :in order to obtain 
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plate 9: Vegetated and non-vegetated wetland along Rima River 

.\ 

plate 10: Floodplain Area along Sokoto River at Bakura 

"' ! 
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' Table 9: Image Classification/Reclassification using maximum 
Likelihood and qualitative (16) 

. " 

C;)l:eqory Colnl1r 1.;) nrlll:> E' / Cove }\crp.s CP..lJ Percenta 
I C I il ~:; : :; (pi.xcJ) \.le of 

Total 

1. l\s ll Heservoi.r(s) 3.522713 14256 2.49? 
2. Light b.lue stream flow 0.09464 383 o.on 
3. (;r0.f' 11 i ~,h ;'~d .i men t:'> 0.04511 105 0.03\'. 

bJI.lf' 
4. Vegetated 6.4695 26181 4.58% 

Dark-grey wetland 
5. 

Dark S (>0[;8 Ditches/Pond 1. '15076 7085 1. 24% 
o n noorl- ., 

6. p.lilins 10 . 5211 12~)B9 -, . 14?, 
'/' Hed I'.loodp.lilin J7.2996 70000 12.24% 

Pink Rainfed 
B. cn] ti vation 

J..ight ri.nk Ln teri te 26.0429 108628 18.99% 
9. sur.face 1.45628 586CJ 1.03'1; 
10. Green Sh.rubland 

YeJ.] ow.ish/ [land-dunes 5.42771 21965 3.0H 
will L'~ \v i L" d.ry 

11. q r ;I~3 ~H~S - - ... 
12. - Unc.laGsified 

I 

Brown N()Jl- 12.7772 51707 9.04% 
13. vegetated 10.1134 

Liqht Green wetland 40927 7.15?; 
.111 • Fon~st t1!=>.Ot1J5 182282 31.86% 

Cyan/Blue Reserves 163-166 
Dare t=572065 
Sllr:f;)r.e;, 

,.. Based on [,alldsaL MSS Pixel dimensions of 57 x 79 meters 

• Idnntified on 1987 Imagery only (1:250,000). 

extrapolate and relate the results of the field check for 

the al:curate assessmEc~nt of . t he resultant image as · displayed 

on figure 19 . 

The maximum J. i. kelihood model applied in the work 

determines t.he prob'lb:i.1:i.ty of all points in the feature space 

i" , . 
I . 
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Fig 19: PART OF RIMA FLOOD PLAIN 
(COMPUTER AIDED CLASSIFICATION) 

LEGEND 

_RESERVIOn 

~ __ ...II STREAM FlLOW 

_SEDIMENTS 

'--___ .... VEGETATlW WETLAND 

_ DITCHESJJ?ONDS 

FLOODPLAIN 

RAlNFED CULTIVATED 
LATERITE SURFACE 

SHRUB LAND 

_SANDDUNES 
_UNCLASSIFffiD 

_NON VEGETATED WETLAND 

FOREST RESERVE 

BARE SURFACE 
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prohrtl1i 1 i I \, (l l I H' l oll< jilll) I () (!r!( :11 ( ' I ;J8::-> id(-~nL :i f:iE~d . The class 

11 01:-> Illc liiqllPs l pro\l; lhi 1 il V, II"li 1::->, the flIax 'irnufli l.ikelihood 

Fr.om the general 

i I i s c: l f-! rtr ' that the bare surface 

,;:j1 .:COIJI II. rot ·. ()\I(-~r' 11 9; r()II()W f~d by l.;::jI .(~ ['i.Le ~u['[aces accounting 

'l'IH! 1· 1()()dp\;· lin~.:; ;:)( :C:Ol.1l1t for over 7% of the 

a rea . 

4.8.4Area Quantification 

The n n~a cO\If-.}n~d hy (:~rJcl1 P()L(~lll.ja I. class was qu.antified 

Only the percentage 

presented on fi(jlJr' e 20. 

F'i.nally , it should he noted Lhat I::.he digital analysis 

does not sUCJgesL thai:. v.i.sual :i nterpretat:i.on of satellite 

i[llrlq(':! roy I:::; flO!':. use [u L. II, i s , ..:l.nd usi.ny conventional 

procedlJres of interpretat:ion, j rnag e tone , colour, size, shape, 

texl_llre, el:c . lIseful a ll aJ .ysis can be obtained, but computer 

aided ana.lysis :is by far eas:i(~r , faster , more accurate or 

reliable an.d .i . nd!~ed co ~-; I::. (-:d: r:!::~d:. iv(~. However , in our case 

access to COlllpU ter and appropr' i ate algorithm :i.. e. software 

pack.;j(J(~ mrtk.es visu.al interpr:etation still veLy Lelevant 

desVl te :i. ts time consumption, d :i. ffi cul ·ties and other 

inadequacies. A brief comparative analysis between 

, . 
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Fig. 20 

Histogram of Rima general classification 

baba3r 

Class UJidth 

Display minimum 

Display m3)(imum 

Actual minimum 

Actual maximum 

Mean 

Stand . Deviation 

df 

1.0 
1.0 
14.0 
1.0 
14.0 
10.0466 
3.6329 
57.2064 

1.00 2.30 3.130 4.90 6.20 7.50 1.1 .80 10 .10 11.40 12 .70 14.00 

\ 
I '. 

I 

I 
./ 
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\/ i ~ ; I J. J 1 i II.I'· )(J(~ U [oce:::lS .i.no 
L ~ 

is given 

Table 10: Comparison between Visual Analysis and Computer 
Aided Processing in Mapping Landsystems and Floodplain of 
Sokoto-Rima Basin. 

Terrain . Major Indicators 
Features 

Visual Interpretation Digital Analysis Landsat 
L;;Jndsat MSS 1:250,00 MSS 1:250,000 

Geology The major geological All features were easily 
structures were readily depicted and they show 

.identified and fully up better 
delineated using field 
check and the assistance 
of topographical map 
sheets 

Geomorphology Closely related to A better identification 
geology- similar aided by the Digital 
difficulties were values with good details 
encountered as in 
geological mapping of 
the .area. Relief 
impression were 
identified but not 
mappable 

Floodplain Delineated using Floodplain and other 
contextual informa tion fluvial terraces could 
and with great success easily be recognised 

without extensive use of 
contextual information, 
al though not MapbaSQ in 
detail 

Topography Difficult to clearly Escarpments and steep 
depict escarpments with slopes were clearly 
steep slopes depicted because of the 

terrain impression 

Hydrology Major streams are Major streams readily 
readily depicted and depicted and can be 
mappable in flatland but .differentiated from 
can be missed in highly surrounding landuse on 
cultivated areas flatland 

Soils It was impossible to Some inferences could be 
delineate soil units possible regarding 
even with local boundaries due to soil 
knowledge moisture content 

Landuse/cover Colour and tonal General classes of 

, . 
" 

\ .. 

\ 
\ 
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',aria tion help ; 11 the 
delineation of 
vegetation cover. 
AI though, urban 
settlemen ts were 
detectable, bu t not 
Mapbase, the rural 
settlements were 
difficult to be 
idenl:i.fied 

Road network and 
railways are only 
perceived but not 
readily mappable. Paths 
and tracks are perceived 
within un - vegetated 
areas 

vegetation cover can be 
delineated. 
Differentiation can be 
made between various 
landuse classes and 
settlements are readily 
depicted using 
backgroun~ knowledge 

The Road network and 
railways can be mapped 
th ough with very little 
detail. In un-vegetated 
area, path, and tracks 
could be mapped. 

Th "se r su L ls delnonstrate that Landsat MSS can provide 

useful data f o r j-orrain analysi s in mapping Landsystems 

d rainaqe P(lL L(~ rn , u11! LI oodpJ a j 11 deLtneation of the Sokoto-
. 

Rima River Basin l\reiJ . TL shoul.d be noted ho~ever, that such 

dllaJ.ysj s a.L:3o has \:erLal n inherent limitations probably 

iJLLribuLab I.e Lo the r(;so luLion of the data . For instance, 

where traditioncd agriculture is practiced., only a general 

information regarding the type of agriculture (that is, 

fadama or Tudu) can be identified . Such baseline information 

can be useful in identifying location and extent of critical 

areas . Therefcire , further detailed analysis utilis i ng better 

resolution of Landsat TM and SPOT (H~V) with aerial 

photographs and a more detailed field surveys can be carried 

out in the area . 

It is based on the work done here that a summary is 

given , and recommendations forwarded to different relevant 

organisations on how the research could be utilised to 

1 t in the area for the over all 
land a nd water resources d eve opmen improve 

benefit of the host communit y . 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 SUMMARY OF FINDINGS 

The researc h, the aim of which has been to show some of 

the contributions satellite remote sensing can make to the 

study of large area , cost effectively . The way in which 

Sokoto-Rima River System could be mapped from satellite data 

the only practical technique , by which this type of 

information can be provided, giving varied advantages. 

The capabil.i ties of LANDSAT MSS data in terrain analysis 

and map of drainage and floodplain areas in the semi-arid 

environment has been introduced. Its application in the 

northwestern region of Nigeria has demonstrated its ability 

to provide comprehensive information on the nature of the 

.J.andscape, drainage patterns and the extent of floodplain 

areas. It has been demonstrated that satellite remote 

sensing can provide accurate and comprehensive information 

for such purposes. The results confirm that floodplain area 

downstrec:un or: l3iJkolorl and Goronyo irrigation projects and 

within Gagare and Bunsuru rivers all support fadama 

culti vation and other dry season farming. However, there 

will be the need for continuous mapping of the Landsystems in 

the area. This is necessary for the protection of the land 
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'v} ill II (~ I P I (\ ( I n I . r~ n n i n ( ~ I: II ( ~ ext e n t 0 f 

(:11;111<1(':; ('II III(' I , HI.III1" I ;llId l or ' hcllcr I'" I' [I' .' , U 'I .. 1 1 ~ ~ I .' 1 0 f1 O . . J1 e 

111 011 i I.orj IIC] !..lIe n;)I·: l.lral and 

CII .II "i'rI I ('I\\li r()I1I1I(~rll ; 111(\ IIIdPp.i "U. HoLII U(:~TlerClI ("HId deta:i.1ed 

fri"lcljoll of" 1111' ( : () ~ l or Lh(~ COII\7PTIt.iona ·1 survey methods. T.he 

(h:~vel()[l(~cJ world i.s n()w p1.dC .i.[l(J emphasis on the IJse of data 

der.i.ved Jrom ~i'ltp.lliIYS 'i'H~ludirlq the IJse of rnllltispectral 

and t 1 H~ r:trtd J. .lu r l"i") n,~d sensLny , Radar: and other data 

acqll i s iii OT I I (~d III i q I 1(' ~~ • of I II (-~ rno~~ l. successful 

a.pp 1 Lcd U .OIIS o r: R~~ll\ote Sens ilHJ have been achieved through 

:i rt\.(~rprcl j II\] .i.rlli-ig ery HI conjuncUon with existing 

mnpS, rll1d II i s 1.. <.> ri. (.:'1 I. da I.: a . Th(.~ w Lde scope o[ use for 

satelLite dCltCliTl TIIclny field of app.1:icaUons' :is mainly due to 

the tact t.tl;:) I~ t.h(~y Ci"l[l be processed by computers which was 

e;;pJ oj I' eel. The 80rl ware used to process the remote sensing 

data i.n,. I.his study Ls lORISl whose capabilities proved 

e.[('ecti vpi [I terra .i n eval1.1a tion and f] oodplai n delineation 

llsing rtlrJ xilnUrrl likelihood classifi.cation and reclassification 

of s :i gild\.\1 n~s. From L"E~ foregoing, :it .is very clear that the 

ab.i.1 i ty o[ Ra l:.r:~.1l LI~ l~S Lo monitor and deliver ["esource data 

with unifor m, character:i sti.cs Ofl g1obr=Jl basis may strengthen 

. opportuni.I~ L(~ s Cot: illl_ernal_ional communi.caLion rlmong r:esource 

sc :i p T\ Lisl: ~; vJil.llil1 Clnd ;~cr()ss cJi.~wipl :irlr=Jry l:i. T\f-~S, 
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5 . 2 Uses of the Maps produced 

~villlill III< ~ :;okol_() I ~i lll,l I~i\/r~t · ~.;y~.; l t 'rll, d nd Ill f~rto()dptCJ.Ln areas 
, ) ) . , 

01 t liP hi=isi [) ~v i I II ; 1 p r( ~ I i TfLi II (UY cross- secLi on of the 

rl()odpl rJin. '-- 'l'1\(~ ~-; ( ~ IIl,IP::-; dill] u\( ~ u'pol'L dr:e use[ul for fut ure 

dec.isiononl a fldusf' ill II\(, (1(ea. 'rhese inclurle t he possibilit y 

of (h .. ~ I . d i L(~d :::,() i 1 ,Jl lrli y ~3 i ~~ , S II i 1.: .. i'-J.bilU:: y analysis ; water 

In fael Landsat imagery 

pro\/ides i-l \IaJuabL(~ 1 .. o() ·1 r-l f1d could lJe used by various 

.. c!:iSc:ip1:iTles repeatedly at var..ious times as a source of data 

for ~)tndll- s\.>l l e rH1d JY:'i i s dllt! pldflllilHJ in the future. There 

:is a need for 'further work .in this project area especially on 

Lh(:! opLLrlllJlIl ul.:i..l isdl::.Lo ll 0 1: I.:he floodplain delinE;!ation for 

agri c uJ [ur;;:,l p roducl.i (HI ( L II r:1l. detailed planning of 

irri(Jation schemes) . 

Depending on techn jJ::aJ.. .:rnd financial resources that will 

be trlade available for agricul tured development in the future, 

equplecJ wilh good management a nd skilful farming within the 
I 

Lloodpla :i n areas , large proportion 0:[ t he fadarna land could 

be iwproved using the various maps produced. The floodplain 

could b(:~ uLLLi.sed properly, and other areas could be 

recl(J ill ll~d by \.:o ll sLr:ucL LoII u[ po.Ldec:i . The maps will prove 

useful :in floodplain managerrlent a nd detailed floodplain 

Il: will aLso help in the establishment 

of areas suscevt:ible to floods of variou s magnitude . It will 

helpLn I.:: he establistmlent o[ ccLler:ia Eor use of the 
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I I()()d Ild 7. (JnJ~ 1\ wi.!1 ;-JI:~() ~ lr ()\li (i e irnpr()VPfllP[ILS dUT'lng 

()Itl(~r 1I\\I:ll .ip.ti(~r benefit 

C~ ·· · i ;·;1 :; I n)llI I IJ(~ :· ;1 IJll y . 

5.3 Other Benefits of the Research 

TIIC! pr()j f.~cI vIi I L pl 'ovide 0 uniquc~ source of information 

of eli n::~ c l \l2Jlup. I () Lhc~ Sokoto-R.i,fIlCl RiveT Basin Authority. And 

nl:he r n~ 1 C' ~\la ll t; ,;:HJenc: i es a nd pc:! r:haps the Nat ional Fadama 

[)C~\1P 1 oprnerd~ Pn,)jer.t (NfDP), Ni':IL:ional. Agricultural Land 

I )( ~"C~ t () prnr ~ Ill' 1\IJlllot'ily (N1\I.I)1\) , 1\q t' i t:U ILl! rat ' ()ev(~lopment 

Authority (1\DP) and oLhers who may wish to ,adopt remote 

It is also 

w Lll. app recia le Ute U(~[lt~ n L () r ;H ::qU i.r inq resou rce information 

frolll RemoL e SPfI s :i fI ~J dF.Jl: i':I afld W ~l LI therefore , commi·t 

I :. hr~mselves to L.he f:~X Letlded U :5le <) [ temoLe sens iny data and 

ca r' l"oy raphh: Ledw Lques in their:- respective areas of 

jurisd.icl.ion 'in the fuLure . 

'Th r j I 1 "r' [ I"". [lc.1 arll'j wat~r l'n the e · Ufl<.arnen ,~ a . slqfU ,: lCdrlCe 0 ,: n ,c 

dA I )r' 1 [' L r r C"''''''' W'I 1'1 ITl:" ke 1.\.-le p ,'r'oJ' ecl me'l' ho,lology and , ~ vc l t)fl CIt" () .,c. ';::>.:> . _ ' u I L U 

organisat.ions i':Ind private 'land llE~veJopers. 

fL i s also p.l lvLsa<Jed that the project will be of direct 

assistrllice l.() N;:Jl.ion,.i.\ PJanflifl~l i':ITld 7-\yr 'i,cultural and Water 

Resource Tnstitu\:es , as it: wi 1.1 increase a.wareness of the 
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Vrltu e 0 1 : ) r ll ( '! llil (~ n'tJl() l"r ~ S(-'IISilllJ tn Nalionr11 development 

< ~ r · r (J r.-ls ;::J lId tl e lf> III ~:;o ·I\lirlq \l rlriolls env :iromneIIL C:ll resource 

ll ~ i 'Ililil y >;\I()llltl Ilnl h(·~ lo ~-;l 0[1 sill lilar: areas 

(111 ;' 11 I S , ~;<'Ilii- ; Hi<l <' ll v ir (HlnIC ' IIL ill West Afr:ica) that have 

5.4 Achievements 

The 1l1ajoc' a ct1ievenl!~nl.. of t.his wor-k is its ability to 

su c:cessfl Jl:1y ll s e i'l reliab·le , cost effective, tirnely- and 

( i . (~ . , J., III (.1 n~ ~-;llllr:CC:~S ::laLellite data) to 

at i.r!.IfIPl. ;) Lerr-a .in rlllCJlysis by mapping Land systems and 

d(~ 1.i.nea l: i nq fl oodpld in a r e as . Tile sl.:. uuy also u.ses both visual 

(COlllpIJ Lc r: -As::.~ Ls Led) a nalys is. 

Ttl"i s project wi 11 prov .ide a yards t:i. c k for further 

uevel0[Jlllenta.L fJl] r:poses i (l the a r:ea . It is also clear that 

th8 research has been able to . address in part , the Food and 

A(Jt'icultural OrganLsaUon ' s (FAO' s ) recommendations .In its 

assessmenL of the cou ntry's food situation for its 
, 

LmprovenlRnt in Ni<]er.i.a, the objec l· Lves of wttich ace yet to be 

achieved . Ttl.i.s j s due .l II Jarge J?arL to the lack of relevant 

resource information . The recommendations includes: 

1. The need LOldent :i ry oll(i map the riverj ne an~as 

cd.pablc oC deve.Lopmenl. [or: in.cr::p.asi ng a.griculture 

2 . 'I'lip fl8P(\S l.oi dent ·i ry cHid Illop GlJ"eas su :i table for dry ::;c'! 

fa rmilHJ 
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5.5 Reconnnendations 

Pl.a nn Ltl lj [or' ;Jq ri (:I II.IIJ r'a l d(~~v(-;; 1.oplTle n t at a national 

landl.lsP r) ;:JII . (:~nl ()\I(~I ' ,I \I(' t ·y I ; JI ·ll('. ( It-e.-J . l' l 'f t' r ' .)UC I U\ ' orma 1.on 

w0111 d tiC.! p Loiderl! .. i I'y rE:~Y.i orl~ wllerE:~ agricultural lands are 

SU( l t.les L .-=treClS slJ .il ;: lhl c for' ~. I(Jr ".'I r: IJ .IIIJr · ;: 11. ( - . ' :J ' - ... .~X [kJTI S.I. orl . The most 

'relL-lhle and (:osl . (-~[r(~c l _ i.ve [l10 1..hod wiU i .nvolve t he use of 

remoLp se fl S i fl(] using IfIU 1 t :i - LemporCll aerial 

phol..:oyrapttS co Ve ra (J 8 of a region a nd the llse of satellite 

monitoring approach as adopt.ed :in thi s study . 

Th(~ repet i. t i\lf~ and (~>; Ictl ~·;jve (:ovp ra qe o[ satellite remote 

seTls :i TIt] sys telll~) , Pil rt i (:u\ rH·.! y I lIP '\'(-lndsal -series are capable 

0[' i IIlrllJ illlJ an idenL Ll:a 'l 34,225 Sq . km a.rea on the earth every 

16 ddyS, call provide;) primary 00urce of j,n[ot'mation for 

, t' I ' . r" - s t e ·rr-. I .r',1 d ·j t. i onaJ mOTU ' orlflY c lange J TI <'I . cel. . W I . .. <:;; 
da ta sources do 

no t exis l.: . Ctl a rtly:~S c.:; l l [ be h ie ttl __ i r: Led cornpa L 1..n<J two sets of 

dates . 

11: 1..s also r:ecolllmendeu l.: h d l: Gnh .1. 11 Ced techn1..ques such as 

overlny method s or ve<Jet;·lLiofl j ndex :i ng be used tc.) identify 
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S(:~ II ~~ iii \/r' I () I llr~ 

i\ pr()( :(~ dIlI O (~ i Il(OO, Or )() , o.')1 i I I<J buLlI LPchniqlles wi ll 

(n ;-iI IH ,I I ) a nci human :Lflduced 

'I'l!(~ 1"( ' ~'; IJ I l. () I l oll i ~; :; I IJd y ~; I 'lJ(W ~ ; I ~ ; Ute [l e~u [0 [" more oro 

w:ide spread use 0 1' saL~ I J oi I. e ["(-'m()t() sensi ng ri ot only in the 

ba sL Il but (\ I ~.,() i n ()III (~'O~'; d~o; i I. wi 1;\ tl~:~ lp to (~stablish the 

" 
'00 

r o i '.I (' ro dc~ \I(~ 1 o prn(::! TI L obvious 

;)dval\l ~ dq() :) i rl I (~ nfl ; ; () I ( : ()[ 1 "(~ 11 i (~ rl oo ' , [H OdCl i (;;)1. ptanning in 

harld] 01 rl<j d( ~ \I( ·) 1 oprn~~nL pro °W c: L s rlrld 1.0 S CHfI~ ext(:,nt socio-

economic cons i.cl(~ ral ions. Ttl i s cecorurlle nds it [or: adopt ion and 

corilo i fl\l()11~1 ~ o ; \.n~ I (' II iol II ( ~ (' "dCQU ;:ll. (~ funding , 

I)eve l o pme nl. on f.lo()(ip\eJirl rnu :s l. proc(~~~d with extre.rne 

caution as .:3 nnual l osses of li [(~ a nd [Jroper t y are staggering . 

Tn i":ldcl .LI:.iOfl Lh p d;::HI<J(~ r O ()r rl o()d iT!(~ rlrld ser.ious lirn:itations 

are imposed by v a r Lab 1e soi ts a nd h i<J h y round water table . 

prec(~d(:-~rJ oy ;) l.:; ) n~ ru L study () r Ute! ::-jo U ; Lrtternal drainage , 

9rOlmdw;:lL(-~r (:oTldi LimlS (Hid t. h e rn~queTlcy or severity of 

1'" loodpl.aL n0 are inlact better 
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1"IO( )( ipl rliIl0 dn~ illl' ;:lcl , bette(' 

( :' 111 wi 1.1l~'1 ;- !lld periodic 

II I " " . II S (l my suqgesl :Lon that 

r I()(HI i 11~';IIt'rll\l : (~ pnHlI , IIIIIIi(~ 1. )(' (~~~I , Illi i ::.; lted within the basin to 

~(~r\l(' ilS (lll(' (,r' I II (' ( '( lill I () I : : I () I .i III i l devploprnent :in 

r I ()( )<1 pi') i II • 

Th (~ Soko l.:. n-RilllrJ l~i v(c~r' H"l0ill DLvplopmenL AuthorLty should 

C()II~i(k~r (1( 10p l Illq () r)( ~r( 11 i()11 in ,GororlYO and 

[tl such a way that the 

bec:rlml'iTltj or I.ll e wpl SPi:'I:-:;WI wt\c)n I:II Prf-) <:H'e on 'ly srrrall demands 

Of) I : h(~ n.~ ~;(-,,![\1 ()j , C3 , 1 () cr'!:-~,;-j l , E'-~ s l ()r' rJg(-:~ to a,ccommodat::e the wet 

, season Iloods. Wllj I P .: Ii. L he (~ nd 0 r lhe wet season floods 

be fo r(~ 1: , ll f'.~ oll::.;el:. 0 [ Ulf.~ dry SE~ason , the level should be 

ra:ised. 
. 

_ 'l'lll~ Ilydroloyi l>JI d(~Pd[Lnl(~ll'- ~~ ltoul.d be equipped lo 

coJ 'lect accuraLe infoJ'lTlr.JLion on reservoir tho levels, gate 

::.;(~ll inqs, n~I('~d~-;(~ ~; dlllJ 1I\()~';l. illlpor ldnLLy i,n and oul[low8 in 

order to be aU'1 e to rlrpJ y s I' a I' j s t..i, C,;-j I Lectlnj ques with respect 

to inflow Ln allY yerJr . 

17,' I"Ll "S" l ' h (~ mos'l:: ()ovious Lhreat, to stable ecological 'lTo , ,y,,, . _ 

stab:Uity in Sudrln Sahe1 oelt is the emergence of sahel type 

shr:::ub veqeLal: Lon due I () d e [or:::esLat lon, Lhe problem is 

imminent to an extent that areas north of latitude lOoN may 

i r: [10 Lrlllll( ~( 1 La l.e CleLLon is taken 
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to t 

;-Hlel (k~s('rl i i"i (: ;Jl i(lIl. '1'111 ' 11 II\( , V 1:--; I()II ? C)'IO Cornrn _it.lJ~e and its 

, 5 . 6 Conclusio'n ' 

'Thi:--; wot'k ~-; IJqq ( ' ~; I ~ ; 111.)1 II\I~ I,I< :\-: 01- n~J _ (~v(Jr\L inf'ot'[llation 

011 111(' ill('rc;:Jsinq. r ( I~(>~; 01 d(~~lnJ( : L -iofl of floodplain is 

pa t-I~ i a l_1. y I h(·~ P ['oducL Lon [Jroblems 

Nilwrid. ConseqlJerl L 1 y , the 

SCrlJ(~ (]qriclJI Lural pn>jec:1 S suetl rlS Uw Rako)oLi. and Goronyo 

i rr:iq ; lI - iOI1 by adequate 

furld -i T1q/:ifflp] ernefllaL i 011 rno r Ii. tor :i n q . l\bovp all the 

cOlli i.lllj(_~d rl ~--i!:)(:~!:)~mle!lL 01 pr<.~d i ( .:L (~d i 1lI[l21cl:s arlO beneficial or 

har:olful sLde effect.s , E~ specjally in the fadamaland downstream 

or III<' cl( ~ \I(~lopIII(~rd ~; . T() ; 1(:( :OlflP I i ~~ II 1 hps{~, i nf orma Lion Ofl 

ch':l[)(Jes that t1a\re OC(~ IJ r:red in I. he f'l.oodplain and other land 

areas :is ~incleed esserltL=Jl. 1 t has tJeen shown trlat satellite 

t:elllot(: ~ sp.IIsin(j pn)\lid(~ brl :--lI-d l nr·~ tl1l0nndl.: ion for [{lapp _Lng the 

enc.:i ('e .e . On rt; 
li' ln ;llly , .1-1. t·ltlol.lld he! r\o\ud Ulal.. !.Ite l:l lildy .:lr'f~a has some 

serious cornrlJexiL .·les (> ,-r_' I.e [ ' r :C:' .'LI'l , wl -'l't t t t - - , u 1. C. I Iflciy larnper C lange 

<.J(~I..(: ~( : I i()n Ilsitl<,J t.dllds ':JL I11 ~;0 daLd . '1'11f,. t: t.~r:()t: Cl, wU:11 the adlfent 
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I 
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of Landsat thematic mapper (Tm) and SPOT (HRV) imagery with 

higher resolution , its use in conjunction with other remotely 

sensed data will enhanced results . This could be used for 

other investigations in the area . 
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