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ABSTRACT 

Thi s s1lldy was carried out bearing in mind the need 

to update the maps o:f river bas -L1 s 8' 1 analyse the 
<?: 

Garanga ri ver basin. Mo st maps ~ _1 l~ in the country 

were made years ago an d ih e re is need to update the se maps 

especially in terms o:f hydrologic :features. There was 

also the need to determine the :flood plain o:f the basin. 

The study also tri ed to an alyse morphomet ically the 

Garanga ri ver basin. 

A print out o:f S.P.O. T. H.R. V. XS imagery in compose 

and preprossed :form was u sed :for the study. The scale 

o:f the pr in t ou tis 1: 62,500. A topogr aphi c map of' Rano 

with scale 1:250,000 was used :for comparism. 

A manual interpre ta ti on approach :found that it wa s 

possible to map the basin and identi:fy more streams than 

are :found in the topographic map. Tl'B study :found tIn t 

it was also possible to demarcate the :flood plain o:f 

Chalawa river which the Garanga river :flows into and 

also to attempt a discontinious delineation o:f Garanga 

river. 

The basin was also analysed morphometrically. 

The bi:furcation ratio showed that t:re stream is an ordinary. 

stream. The length ratio showed a digression o:f 2 to 1 
and 4 to 3 order o:f stream lengths. The main stream is a 

:fi:fth order stream and fu e basin is a subdendri tic in pattern. 

The study above all til ings showed t:rn. tit was pos sLble 

to update a topographic map using Remote Sensing data and 

to per-:form the mapp ing in a given time even with Manual 

interpretati on awroach . 
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CHAPTER ONE 

Introduction 

1 • 1 Backgr ound 

Water, water everywhere but there is none to 

drink as the old maxim goes, indicates the nature 

of the problem of water supply and avaliability in 

the world today. The mere mention that water occupies 

more than 70% of the Earth's surface, gives a wrong 

indication of both the spa ti al and temporal distribu-

tion of water for man's use . 

Volume Percentage 
Location 000 1S of km Total water 

Fresh water lakes 125.00 

Rivers 1 . 25 0 . 62 

Soil md)t r.:-ure 65 . 00 

Ground water 8,250 . 00 

Saline lakes and 105 . 00 0.008 Inland seas 

Atmosphere 13 . 00 0 . 001 

Polar I ce caps, 
29,200 . 00 2 . 1 glaciers and snows 

Seas and Oceans 1 , 320.000."00 97.25 

Total 1 ,360 .0<:0 or 
/ 

1 . 36 x 101 8m3 100% 

Table 1.1 Estimated Earths Water inventory 

(After Wilson) . 

. .. /2 
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Of the 0.62% of the total water avaliable as fresh 

water, half lies below a depth of 800 metres. At 

that depth it is difficult t o extrac tit f or mans 

use and so stream water is mo stly relied on. It gives 

a total of 1250 square kilometres of water allover the 

earth . 

In Africa, there is a seriOUS problem of water 

shortage because of the foll owing reasons. 

Locations of the great de se rts 

Clima tic variability 

the geology 

the cultural practices of the people. 

The great sahe lian drought of 1969 - 1973 and 

subsequent droughts have increased the problem to 

greater dimension . 

Wi th reference to Nigeri a , wh ere the re are two 

major climatic zones - the humid south and the dry 

north, the problem is more of tempor al and areal 

distribution water supply. The dry north, because 

of its nearness to the Sahara desert and the influence 

of North-Ea st (N.E. ) trade wind is more susceptibie 

to this variability in the water supply. The distinct 

long dry an d short wet season inf luencing the north 

with rainfall generally l e ss than 1000 milimetres 

portrays the problem of the Northern Nigeria to a 

great ext ent. 

. .. /4 
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This problem is compounded by the fact that the few 

stream s in the North dr ay up generally wi th Ii t tle 

water surviving the scorching dry season . Of this, 

much is used for irrigation by farmers. 

There is then the need to regularly up date the 

maps of river basins while analysing the streams to 

provide an avenue for effective utilization of streams 

in the north. The irn~crtance of water to man for his 

domestic y agricultura l and industr ial uses calls for 

this updat ing of maps , and regular analyses of the 

hydrologic features of streaiIls. The analysis of a 

basin\yi e lds a lot of informa tion about the geology and 

geomorphology of the basin area and tte types of 

developmen t processes till t could be carried out in 

the basin. That is y it gives an idea of ho w to use 

and tame a basin, g ives c limate . Remote Sensing data 

gives the best kind of up-to-date information especially 

for mapping a drainage basin. This is because Remote 

sensing gives an au then tic an d verif i ab l e cartho-

metic infor ma tion due to its spat ial re solut ion 

ability. .analyse s of Remote Sensing dhtn: i sqti1cker 

because it is subject to computerisation . It is possible 

to use the properties of Remote Sens ing data , where 

avail able t o measure stream vel 0':: i ty, depth and 

topographic differences. 

. ./6 
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1 . 2 Occurance of VI ater in the Earth -- --
The cyclic movement of water from the sea to the 

atmosphere and thence by precipitation to the earth 

where it collects in streams and runs back to tre sea 

is referred to as thehydrol:Jgical cycle . Such a 

cyclic order of even ts does occur but it is not as :'·; "' ;:; 

simple as ·t hat, first the cycle may short- circui t at 

several stages . For example, the precipitation may 

fall directly into the sea, lake s or river courses . 

Secondly, th ere is no uniformi ty in the time a cycle 

takes . During droughts , it may appear to have stopped 

altogether -.. during flo9ds~ it may seem con tinous~ 

Thirdly, the intensity and fre ~~ency of the cycle 

depends on geography and clim a te, since it operates 

as a result of so l ar radiation which varies according 

to the latitudes and seasons of the year . Finally, 

the various parts of th e cycle can be quite compli-

cated and man can exercise some control only on the last 

part, when the rain has fallen on the Earth and is 

making its way back to the sea. 

Al though the concept of the h ydrologl cal cycle is 

oversimplified, it affor d s a means of illustrating 

the most important process that '3. hydrologLst must 

unde rstand. The cycle is sho-"'111 diagrama tically in 

figure 1 . 1 . 

.. / 8 
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Water in the sea evaporates under solar radiation and 

clouds of water vapour move over land areas . Preci-

pi tation occurs as snow, hail or rain overland a nd 

water begins to flow back to t he sea . Some c~ it 

infiltrates into the . ., 
80iIl_~ and moves down or percolates 

into the saturated gro~~d zone beneath the water table 

or phreatic surface . The water in this zones flows 

slowly through acquife rs to river channels or some-

times directly to the sea . The water which infiltrates 

also feeds the surface plant life and ge ts drffwn up 

into the vegetation and transpiration takes place 

from l eafly plant surfaces . The water remaining on the 

surface partially evaporates back to vapour, but the 

bulk of it coalesces into streamlets and runs as sur-

face runoffs to the rivEr channels. The river and lake 

surfaces also evaporate water so that more water is 

removed here. Finally 9 the remaining wh ich has not 

infiltrated or evaporated arrives back at the sea via 

the river channels . The groundwater which is moving 

much more slowly, either emerges into the stream 

channels or arrive sat the coast lin e a nd seeps into 

the sea and the whole cycle starts aga in • 

• 0 ./10 
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1 .1 

1 . 3a Problem State~ent 

Every na ti on in trying to opt imise the use of 

its water resources adopts different methods of doing 

this . In Nigeria , the option is Rive r Basin Develop

ment Authority Concept . These Authoriti es and other 

development agencies rely generally upon Topographic 

maps made yea rs back for their activities . Much a s 

one cannot say that these maps are outdated but it must 

be understood that the features of a river basin are 

continually changing . This problem is complicated by 

the fact that most River Basin Authorities are not singl' . 

basin developers . The demarcation of river basins are 

mostly along poli tical boundaries and careful studies 

are not usually made of the river systems to understand 

the ways in which these streams coul d be of benefit to 

communities they are meant to serve. This could l ead 

to underutilization or wrong ut i lization of ri ver s i 

potenti als by these authorities . 

So as at now, the Garanga ri Vff' basin a s indee:i 

most other river basins in the country have not had 

their maps updated and t.'1eir hydrologic features 

analysed . Remote Sensing dn ta has not bee n applied 

in the study of thi s river basin before . The flood 

pla ins of the basin has not been mapped in recent 

time s . 

• • • /1 2 
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Our problem here was to explore the Remote 

Sensing options/advantages in tackling these problems. 

Among others, these advantages are 

amenabili ty to spati~ analysis, tla tis, spa tial 

i: : ':~ '-, ,~j:n tegr i ty. 

Consistency of inf~rmation. 

Broader view a nd more se lective ability to detect 

the varia tions in environmental conditions. 

Physical abili ty to combine and enhance multiple 

image s. 

1.3b Aims and Obj ec't..i ves 

The project focused on us i ng the advantages of 

Re mote Sensing to ~ 

Map the Garanga River Basin . 

Ana lyse th e hydrologic f eature s of t:te basin, 

that is morphomet tic characteristics. 

Compa r e the number 0 f s t r eams ident ifiable in a 

Topographic map an d the numbe r of streams identi-

fiable in a Remo t e Sensing image in orde r to 

establish if a Topographic map could be updated 

and revise d b y Remote Sensin g da t a o 

1 .3c Hypothesi s 

-Is it possible to U3e Remote Sen sing da ta to 

produce a map of Garanga ri VIT basin comp arab l e 

to topographic map 

0./13 
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Will morplromctri~ analysi s of "the basin wi th 

Remote Sensing data contribute to a better 

understanding of the hydrology of tre basin. 

Is it possible to delineate the flood platn 

(fadama) of the ba s in wi th Remo te Sensin g da tao 

1.4 The study Area 

The Study area is Garanga river basin, a part 

of Chalawa river basin in Kano state . The river is to 

the we st of Rano 1 an ancien t ci ty in Kano stat e ~ The 

area lie s within 80 30' East and 80 47 1 Ea st and 11
0
20' 

and 11
0 50' north . 

Geology and Geomorphology. 

The study area is under lain by the Basement 

complex Rooxs. Though the Basement complex was 

authomatically classified as pre - cambrian on the 

grounds of the close agreement in pc trol o[;y sh own with 

the well known rocks of Fennoscandia, radioactive 

dating by Jncooson and othe rs (1958) have now 

completely altered th is p icture an d it is n ow transpires 

that much of the basemen t rocks falls wi thin the time 

boundary of the early p8.laeozoic. 

Re;ymen t and Tai t (1972) group the study area 
"'; ' l~ ":.:-~. ' ,.:, .: , ' 

under t11'8 ~lat'e Jurrassic I -gneou8 roc1cs referred to as 
? ; o·Y .. ,.i"",! 1: -::~~ 'J.x";i ,.1 •• .3 1 '\ ·.~·.L~ :-":~l ~-~: ... -.: :: -. ~ - -':---~.~.- ~.11·LE':lS t· .'- ~, 

'young granites' which are discordently intensive 
~.; ! t,~)~:. :~ ; ~,~ ... '. 1·f~ ·, .. ·.l -!..1 . .. ~(.~ ......... ~ 'i .(;~~ c.. ): ': '" 

into the chrystalline Base ment compl ex. 

• •• /14 
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They form part of a North-An~ican petiographic 

region ranging from Ondovian- Si lurian , middle Jurassic 

to Palaeocene . It probably has an outlying ~curan ce 

of Turon i an age in Brazil. 

The Basement ComI'lex rocks~ themselves, have had 

a long history during which they suffer ed varying 

degrees of al terati on by h eat an d pressure, were folded 

and crumpled, rai se d in to moun ta in ranges and then 

eroded . The basin a ren li e s between 400 metres and 

650 metres above the sea l e vel . It also lies within 

t he chrystalline area of the ground wate r pro-nnce 

where the groundwater avaliabili ty is unpredictab le , 

unconfined aDd water table is restricted to subbasins, 

Climate: The climate of the area is the Tropical 

Hinterland with the pr e vailing wind as N.E. trade 

wind during the mon ths of October through March and 

S. IN. Monsoon in the months of May to Sept 8mb er. The 

N.E. trade wind is dust laden and it dries as it 

passes through Sahara de sert into West Africa . The 

S. W. monsoon wind brirg s r a infall from the coas t of 

West Africa as it pushes the N.E. winds upwards . 

Being far in the hinte rland, the effects of the moi

ture laden S. W. mon s oon win ds a re not hi @lly f e l t as 

rainfall is as low a s be tween 800 - 950 milimetres 

per annum . 

o • • /15 
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The rainfalls a re generally conve ctive or associated 

wi th line squalls . Being far in the hinter'land, the 

humidi ty is a lso gen erally low especially in th e dry 

s ea son . 

Temperature i s high wi. t h mean annual temperature 

between 76° F and 7§oF . Th~ annual range of tempera-

tur e is a s high as the da ily 1i'.ange wh ich may be upto 

10
0

F or b a ove , The high t empe ra ture is du e to hi gh 

insolation which in turn is caused by insuffici ent 

cloud cover to sh e ild tl:e excessive iIl'Solation . The 

problem of insuffic i ent cloud co ver s causes t re annual 

sunshine hours to b e as high as 3084 sunshme hours . 

According to the i Atla s of Federal Republic of Nigeria 

( - 2 - 1 
1978) 'the area receives about 185 kg . cal . cm yr 

of radi ati on p er annum . 

Ecologi caL~: The area falls wi thin tl:e Sudan 

savannah b e lt con sisting of grasse s a nd shrubs with 

very few trees . It approximates the parkland vegeta-

tion of th e temperate zone . The forests here are 

associated with repar i an zones. The general spec i e s 

include Anogeissus l e iocarpus a nd Accaci a spp. 

The area i s used f or a nnua l crops, usually grain 

crops and cotton i s produc ed along t te Fadama . 

Exten si ve ca ttle r ear ing i s done un del' no rma dic 

h e rding system 0 f a gr' icultur e by the fulanis • 

•• •. /16 
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1 . 5 !4,mi ta tl.on aIld ScoJ2§~ 

The thesis was based on using data fro m a Remo te 

Sensing image to map and analyse the Garanga river 

basin . The image used for the study is a S . P.O.To 

(Satellite Pour l a ' observation de la Terre) H. R. V. 

(High resolution Visible) image in XS (multipectral) 

mode . A print out 0 f the study area was mad e by a 

computer fr om a d igi tal tape . Since the imagery is a 

print out COPY9 th e features were not very clear ani 

the st.ereCJBC'Opi"c ability of S.P.OoT . images were lost . 

A manual approach wa s use d in the analysis reducing the 

occuracy too t would ha ve been possible VI ith computer 

based approach . Due to ina va liabili ty 0 f appropriate 

data, ve locity ani relie f characte risti cs of the basin 

was flot m~~;ysed . Th e scale of the im D.gery was not 

avaliab l e so the scale was compute d f flom i.1 Topographic 

map . In situ a t i on whe r e the re are two se t s 0 f figure s 9 

the figure in bracke ts is Topogra phi c map da ta while 

the oth::;r is satelli te image data. 

1 • 6 Jus tic fl.ti.9..ILf.9J:..-the -.R ttl dX 

The n eed t o update the map of till Garanga RivEr' 

Basin using a Re mo t e Se nsing data is t he main purpose 

of thi s s tudy . 
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The norma l conventiona l me thod of map making involving 

fi e ld surve ys is v ery slow a n d e nerg y consuming. It 

involve s collecting poin t data which mare s data cmlle cted 

from d iffe r ent stations susce ptible to human e rrors. 

Da ta from Re mote Sensing imagery n r c mechani cally 

colle cted wit h h i gh spati a l r e solu tion . This make s 

Remote Sensing da t a more a ccur a te ~d time saving in 

map making. 

'rhere is a lso the need to apply a manual app roach 

to s ee if it is po s s i b l e to g e t an acc0ptable map wi th

out the usc of a c ompute r. Thi s n eed cannot be OVEl'

emphasised in a de ve l op ing coun try lik e NigEr ia, where 

compute.r facilitie s may not be a V2li ab l e to all C:'J.! C; ·;' 

concerns tha t migh t r e quire that type of study. 

To use the a bili t y of Remote Sen sing data to give 

informa ti on as · r0go.rds· the phreat ic water di vide in 

delimiting tlB basin is anothe r justification :£bTl 

this study. Thi s is b e cause c onvonti onal data only 

gi ves info rmati on as r e gards the topogr aphic water 

d i v ide . The r e i s ~lso t lB n eed to study morphome tr ic 

structure s of t h0 Gar 8.n ga ri ver basin. 

• . • /18 
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1.7. The Plr1-CB. 01' Re.mQt& aen sj.Ll£ 

This chapter v/ill no t be complete vV.i. thout 

d iscussing the place of Remote and its relationship to 

this s tudy. Remote Sensing is the nrt and scienc e of 

obtaining informa ti on .l.bou t an object9 a r ea or pherromena 

through the analysis 0 f do. tEl. acquired by a device that 
.J. 

is n o t in contact with the ob ject 9 area or phenomena 

unde r i nve s t.igation . The inforrra ti on is rocei ved by 

:1 sensor on board '1 p l atform . The platforms used for 

carr~Ting the sensors are of :i ifferent types and rDIg es 

from ground platforms ( t owers and hydr aulic lifts) I . 

ballons, ~ircraft to s?acecrafts. 

The informati on r e corded ab out ::ill object depends 

on the reflected 3mitted or t r ansmitted e lectromagneti c 

energy emanating from thG target. The el e ctr omagnet ic 

energy could b e recorde d in a photographic or non 

photographic forms depending on the port ion of the 

electromagnetic spectrum the sensor is recording in. 

The vari a tion in received energy is detected and 

r ecorded in the format that tre sensor records in . 

Usually the e l ectronic sensor s genero.te signals t hl. t 

are recorded into ilu .gn c t ic tapes from \'he re it could 

be c onve rted to pic>tor1.cil- forms . 
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Remote Sensing provid.es infornntion about the earth 

resources over a large area thereb y permi tting 

accurate and r ea l time ev~lua tion and continous 

monitoring or surveillance tl:l:J.raugh reprtitive coverage . 

The invention of a irpla n e s l ate r complemented and 

pavea ~iay ror othe r 9.dvan tage s of the ·t e chniques . 

The advant of spacecrafts saw the use of multispectral 

scanners . 

As ear ly as 1840, the Dire ctor of Paris Obse rva-

tory had r ecognised the poten ti a ls of Remote Sensing 

to Topographic mapping. The first aeria l photograph 

of a place was obt~,ined by a Parisien pho tographe r _ 

known as Gaspard Fe lix Tourudrin using a ballon. The 

photograph was over IHerre in Fran ce . In 1860 a man 

called James Wallace Bl ack obtained a pho togr aph of 

Bo ston, Ma ssachussctts , U. BoA. The photogpnph was 

described as VBoston ~' s tre eagle ifili goose sec' s it. 

In the 1880 v s Kites were used for obtaining metcorolo-

gical data and the fir st rncteorologi cal data was 

obtained by BoR . Archiba l d , an English Me t eorologist . 

After the g r eat earthqua ke of San Francisco in 1906, 

an America.11., GoRo Lawrence ob t ained an aer i a l photo-

graph of the city, hOi sting his camera six hundred 

. ~ meters above t h e ground . 
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By 1891, Ludwing Raharaman of Ge rmany h ad bee n 

granted a pa t ent for a 'new improved apparatus for 

obtaining birds e ye photographic views.! But the 

advent of airplane s in 1903 ma rked a turning point in 

e arth a nd its phe nomena . The a :ir crafts as platforms 

h a s i mprovement on stability in fli g ht, pre -arrange d 

d ire ctions, posi ticming and heigh ts at about which the 

a ir photographs could b e t a lcen . Thi s, in addi ti on to 

impr ovement in pho t o graphic proc e sses l ed to great 

expansion in aeri a l photography in the e arly 20th 

cen tury . In 1909, Wi lbur Wright produ ce d a motion 

picture photograph of the town of Cen trocelli in Italy. 

From then on th e a dvantages of air photography wa s 

utilized by all s e ctors of humM re source manage rre nt . 

The mil i tary r e conna issance flights during tre world 

war's utilized a ir photography to a great extent . 

In between the gre at wars, a erial photography 

remain ed in the do main 0 l' the military. After the 

second world war, the application of aerial photography 

to r e source surve y was made to great r e sults . The Sixties, 

sixties, with unmanne d sp a ce fli ghts by rocke ts , expose d 

Remote SenSing (as ae ria l pho t ography h a s b e come then) 

to exit in g futur e . 
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A mercur y s atelli te in 1961 oota ined the first colour ed 

photograph of parts of the Earth Surfac e . By the nineth 

mercury rocke t, photogI' o.phs of unmap}:'ed a rea s o f the 

world had be en m~dc . The Germini Serie s us e d Se venty 

mil ime tre and Sixt een milime tr e form:t t carne r a in not 

only Vi gibl :', l)Ort1. ftofill 0 f the e1 e ctr oma gna tic spectrum 

but a lso in n ea r infra - r ed ( N.I. R.) portion using false 

colour . The Appolo Serie s made great i mpIDv ements 

with the intr oducti on of multioand and mult c a mer a 

array. 

The first American Sp ace workshop, the Skylab , 

took over 35,00 0 i mages of the Earth with th e Ea rth 

Re sour c e s Exper irnent 0.1 Pack age (E. R . E . P. ). In 1967 

the U. S. Dep artm e nt of Inte rior start ed a f easioili ty 

s t udy on a s e ries ca lled 'Earth Resources Te chnology 

Satellite ( E . R . T. S. ) . This was l a ter renemod 

'La'1dsat' . In 1978 , the French government in collabo

r a tion wi th Sweden and Bal gium d isigne d and star t ed 

the S.P.O.T. programme s . 

The Sop oo. fr . H. R.V . XS data was used for thi s 

project . The S .P.O.T. is designed to car ry two H.R.V. 

cameras which use charge couple device (CCD ) array 

as s ensing el eme nt an d c ollec t da ta on continious 

basi s every 26 days . 
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The H. :q . V. XS Sen sor has n gr au.nd r e s olu ti. on of 20 

metr es . A scen e h as an Clrea of Clbout 3600 square 

kilome tre s. The S.P.O.T . i mage has th e ability t o give 

ste rwoscopi c 3 d i mensiona l vi ew . 

The i mage i s tr aced out a nd used to pre pare the 

map of Garanga r i ver ba sin . The ima ge was ac quir ed in 

collabor a tion wi th the National Institute of Wate r 

Resources, KClrlUna . The i mage was on the 8th day of 

April, 1986 . I t is in a pre proce ssed form . The i~~ge 

tak~ at an angl e of inclinat i on 0 f 0 2
o

R. 

1 . 8 Org,ani s.a.:ti Qll..._Qf U fO 'T'bos...i.s. 

The Thes i s was organ i s'Jd into f i ve chapter s. Th e 

f irst chap te r in troduce s the Thesi s g iving the back

gI' ound y defin i ti on of t..1.e problem , a ims a n d objec tive s, 

the study area , justifica t i on ani the ro l e of Remote 

Sen si ng to t he stud y. The se c ond chapt er r e views th e 

pa st works on r ela ·~ed topics . The third chapte r 

discusse s th e method used in ~arrying out the stud y . 

The fourth chapter explains the an alysi s of the da ta 

and the f indings . The l ast chapte r concludes a n d 

summari se s t h:; work . 
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CHAPTER. TWQ 

Literatur e Review 

The earliest works on drainage basin mapping 

and analysis could be traced to the early Egyptian 

surveyors, who in a bid to safeguard the individual 

plots along the river Nile often map their sections 

of the river showing indi" ... '1ilrlua'l plots during the 

flooding season . This traditions with improvement 

here and there Was carried through the middle ages 

un til the nine t een th cen tury. 

The first def initive study of Drainage basins and 

their mapping was done by W.M. Da vis (1899) . He laid 

a revolutionary l andmark by studYing a series of 

streams to find a way of classifying them . He concludeL 

in his finding 9 a new method of cla ssifying streams as 

consequent , subsequen t and obsequen t tributer ies of a 

main stream . The classification of streams as conse-

quent , subsequent and obse quent could not generally be 

used to a c~omodate all streams so in 1932 E .R . Zernitz 

undertook a study to generally classify streams 

accordin~ to t he geology of the are as in which the y are 
He .Lound 

f01!U1 ,l";a n ew mode of cla ssifying stre ams into six basic 

types and twenty-four modif ications. He also collated 

@ elabora te s e t of t erms and e xampl e s to show tre 
·.1 : 

effec ts of geolog y ond topography on drainage p :::. tterns . 
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Amongst his findings were tIn t dendritic netwo rk 

reflect a relative lack of geological control while 

the trellis network develope in areas with paral lel 

belts of dipping strat a having d ifferential resisstance 

to erosion . His find ings concluded that geology' plays an 

an important part in dra inage patte rns of streams . 

The r eal foundation for modern Network analysis 

in stream was l a id by the epoch making work done by 

Horton in 1945. Previously most work s involving 

dra inage basin s 'lv-ere usually quali ta tive . The y of ten 

described the basins and their consti tuen t network 

withou~ sUbjecting them. to mathemat ical analysis. 

Horton decided to T'eplace the quali ta t i ve de scr ipt ion 

of drainage basin with quantitative ones. This 9 he 

did , by ordering the streams in a hierarchical 

structure. He found that the numbe r of streams of 

different ord.er.:; in~' a given drainage basin tends 

closely to approximate an inve rse geometic ser ies in 

which the first term is unity and the ratio is the 

bifurcation ratio . Horton found t wo laws called the 

laws of drainage composi tion r e l at ing to number of 

orders ratio called the bifurcation ratio and length 

of streams in an order ratio to the nest higre r streams • 

•. . /25 



25 

Strahle r in 1952 in a study vii th Hortons model 

mod ified the methods by simplify ing the ordering 

system . The modifi e d sys~em had the order 1 a s all 

finger tip tributerie s in a basin . Th e linking of 

t wo order 1 str eam s gives order 2 . The junction of 

streams of orde r U forms a downwar d segment of or der 

U + 1 . The junction of two stre ams of un e qual orders, 

U o.nd V, where U is greater than V crea tes a downward 

segment of higher order tribu t ery U. 

Javi s in 1976 studied the orde ring of Ne sted 

tributenie s in the anal ysis of dra ina ge basin . He 

de viated from Hortoni an mode l an d concluded his 

studies by sta tin g that ordering of streams in which 

order U stream mee ting 811 order V stream of a l e sse r 

orde r s t ill r emains a n order U stream i s wrong . He 

sta ted th a t Hortoni an ordering of strea ms as modified 

by Strahle r : i o l ate s th e as so c i ative l aw of algebra . 

Not only th at, when stream s of lower orde r enter s a 

higher order th e propertie s of such h i gher orde r 

stre am change s . 

r ema in a s before . 

So it will be i mpr oper for it to 

He then l a id the groundwork for new 

ordering system called the link magni tude system in 

wh ich stre ams change the ir order according to the ir 

fo~mer order number, for example , a fourth order str 

strearn entering a f i fth orde r stream v/ill give a new 

order of nine . 
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In his I statistical l aw of stream numbers,' 

Shreve in 1966 studied th e influen c e of extranous 

factors on bifurcation r a tios of streams. He tried 

to find how ge ologi c and climatic cond i ti ons influen ce 

the dra inage characteristics. He found that in normal 

drainage basin bifurcation r atio r ange b e tween 3 . 0 a.'1d 

5. 0 . This is for w.'} t e r sheds in which geologi.c 

conditions do not distort the drainage p a t tern . Any 

abnorma l bifurcation r at i o will incl i cate t he occuranc e 

of dorminnnt geologi c control or be re I n ted to floo d 

d isch o.r ge so t hat basins with a high b ifurca ti on 

r at io would yield a low but extended peaks vmereas 

b a sins with a low bifu!"cation ratio would produce 

sharp peaks . 

Many works have been done on r iver syste ms using 

conventio.nal methods and D. Knighton in his book 

'Fluvia l forms and processes' declared in 1984 that 

'Ri ver SJ.B.!"C dynami c ond increasingly import an t part 

of the physical en vironment . Their beh3viour is of 

inte rest to a wide v ar i ety of concerns, rang:ing from 

flood control, n a vigat i on Gnd water r esources develop

men t to r ecr eat ion . They repre sent n potent ial 

threat to human population aDd prope rty through 

floods, dr ought ond e rosion . They therefore have 

potential socia~ econ omic and physical relevance ', 
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The importance of drainage basin analysis to 

r esource development is a sine-Qua- non because in the 

fluvial system system the transfer of water and 

materials from l and surface to oceans is characterised 

by a tendency t owards increa sing concentr ati on and 

organisation . In 'Dra i nage basin as a fundamenta l 

geomorphic unity Chorley (1960) said that i avaliab l e 

in a hierarchy of sizes , the drainage ba sin is typically 

a well defined topographic and hydrographi c enti ty 

whi ch is regRrded as a fundam enta l unit' . 

Other major work s using convent ion a l data i n 

drainage b a sin mapping and anal ys i s iIlclude the followir.g: 

Chetvertkou 9 S.S. (1 966 ) made an analysis of s t r eams 

in South Yaulrutiya in US SR to find their water n etwork 

densi ties . He used 1: 1,000,000 scal e maps for streams 

other than 4fuh order stream s a nd 1 :2000 9 000 sc nl e maps 

for streams othe r th'3.n 3rd orde r streams. The water 

network den s ities (W. D.) Which h e set out to f ind is a 

product of t he tota l l ength of WCt ter per uni t area . 

He connected lines of denslty coeffic i ent s by inte rpo-

l a tion form ing lin e s of identical W8. ter ne tvofO rk densi';;;i. ~, c . 

ties . He analysed t he r esult of maps of equa l densi ty 

for South Yaukutiya and gave the conclusion that: 

Wa t e r n et·vlOr k dens i ties inCl'c i1.se in·zon3.il:·of 

most :.1"'pcent fplo. ing. 
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Water network densi tie s is subject to change s 

:from 0 . 6 to 1.0 

the indu stri al area s hnve greatest wnter n e twork 

den sities from 1 . 5 to 2 . 5 . 

Zavuianu 9 I . (1969) in 'Determination of the 

Dr a inage Density 0 f hydrol ogic network ba sed on Horton! s 

law~ based h i s '.York on many measuremen ts of' different 

basins . He found that the f ormula of drainage densi ty 

determina t ion is n ot sa tisfactory becau se the first 

term of t he l aw of s tr e8.m number sis mi ss ing . Thi s 

term , accordin g to Horton (1945) would equal to one 

unli . h&YH1anu proposed the introduction of this 

t e r m after it had been de termined [SI)aphically or by 

calculation . He concluded that to obtain the b ifur

cation r at io (1 - b) and the ratio of l ength (1 - c ) one 

should resort to the we i ght a ve r age . He e xemplified 

the suggestions by ca l culat i on s but gave comparat ive 

analysis of the result for the two instances . In 

each case , h e s t a ted the error of de t ermin ati on. 

Another t reast ise on Horton 's l aw was made in 

1970 b y W.E . Sharp. In streams a s a mea SQre of 

s 8.mp l e s ource uncertain.ityi j he stuJ i ed stream s in 

rela ti on to probabili ty theory. Horton ; s order j 

sharp a r gued in his :fin dings , is re l ated or is directly 

proportional to the entropy (uncertainity) of the 

source supplying 3l1y discrete particle to th at stream • 
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He therefore formulated a formula for the sample 

number recpired to deduce the location of any source 

of contamination for a number of different cases . 

The different case s include single ,or .mul ti ple sources 

in Hortonian structured networks, Fibonacci draina.ge 
1, .-

nets and for networks, numbered by Shreve's link 

magnitude method . Scheideggar consistent order is 

e@al to the number of sample s re quired f or a sin gle 

source, he concluded an d derived empirical formulae 

for n atural networlcs . 

In 1970 in 'Discharge and Hydrological s imilari tie s of 

of drainage basins' printed in Japanesse, Toshie 

Ni shiz aV'la studied the Kanna and Koshin ri ver s wi th the 

aim of describing the similarities between basins in 

terms of discharge ':l.nd Hydrology. He made a morpho-

metric analyse s of the two rivers and a cmclusion 

that discharge is related to stream order, stream 

length and stream number . He then :formula ted empiri cal 

e @ations r e lating discharge to basin area rupported 

by field observations using floating methods . These 

works, using conventional data usually are estimates 

and a lot of time , manpower and money is spend on trying 

to carry out 1'ieldwork or otherwise :for mapping of 

drainage b a sin s > Knighton, (1984) explain t1;l.is pr oblem 

'that channel deliniation in the field is time consum-

ing . 
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most n e twork analysis, (especially in Africa) have 

always been base d on data ,'L:r.iyee. i'rom Topographical 
, 

maps vlhich represent an a ve rage stream network. · 

Gregory, K. J . and Walling, D. E . (1968) in their 

paper 'The varia tion of drainage density within a 

catchment' quar r e lled with the definition of f i ngertip 

tributerie s and the ir headward limit which is complicated 

In 1977 , 3~vis , R.S . made a study analysing dtfferent 

dra inage networks . He tried to replace e mpirical ~nd 

inductive me thods with definitive theory and concluded 

t hat the pr ior empirica l and inductive procedure does 

not go deep d own for the express purpose of i dentifying 

structur a l character istic s nnd a s a base s for demonstra -

ting the effects of environmen tal controls on the 

fluvial systems, for suggesting how netwo rks might e volve 

and for pre dicting b .qsin out- put var iables such as 

Stream d ischarge which is r e lD. ted to the net . Therefore, 

he said , the pr ovi si on of ade quate da t a base is cri ti ca 1, 

involving the problem of consistent sampling and 

channe l d ef ini ti on. 

The se problems highlighted by Knighton (1984) 9 

Gre gory and Walling (1968) ~nd Javis (1977) l end credence 

to the fact th at po int da t a or conventional da ta are 

in8.dequ a t e for m2pping, espec i a lly 1 of hydrologi cal 

f ea tures . 
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As early a s 1967, Charle s J . Robinove in 'Remote 

Sen sing Potential in bas i c da t a aCqlisition' made a 

treatise on how Remote Sensing advantages could be 

applied to water r e source inventory, planning and 

hydrological mapping. He d iscussed the general objec

t i ves of modern Hydrol ogy by using Remote Sensing 

instruments (sensors) from a ircraft s and space p l at 

forms . Photo~raphs and other :i.mages r e lating to 

hydrol ogy could be provided econom i cally, in EPort 

time and eont inously. Sensor data cou l d be correlated 

to point d2ta to de scribe environmental characteristics, 

he concluded after an~lysing the d i fferent techniques 

of image interpretation in relation to Hydrology. 

These features or adv,2lltage s of Remote Sensing data 

could be useful in overcomi ng the problems of morpho

logical analysi s of basins highl ighted above and have 

subsequently been used. 

R.M . Mcloy (1969) 'Drainage Netwo rk Analysis 

with K. Band SLAR ima ges' made a study on use c f 

K-band s l ar I mages on dra inage basin morphometry 

He used SLAR (Side Looking Airborne Radar) Images 

wi th wavelength of about one centim etre . Among 

the parameters he t ested are i dentifi cation, CIDBpping 

and measurement of such hydrologic fea ture s as 

drainage a r ea s, stre am l engthy circularity r at ios, 

stream order ing and bifurcation ratio. 
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After making an extensive study he concluded that the 

Radar imagery from side looking Air Borne Rader of 

K- band and wavelength of about one centimetre at a 

scale of 1:200,000 could produce dra inage information 

comparable to that derived from a 1 :62 ,500 topographic 

map. Therefore, Radar, apart from producing day and 

night ~nd cloud free images also provide potentials 

that are not compflrarab l e to ord:i.nanc e survey mapping. 

In a 1970 research carried out with Nimbus H .R.V. ( High 

(High Resolution Visible) sensor image, Norman Mac 

I,erd v Hydrology of the Niger' made a hydrological and 

Land cover mapping of the Niger . He u sed the different 

reflectance values of plants to identify them . The 

ou tcome was encouraging and he was able to provide an 

a CCu12ate e cologica l map t hat is subject to changes. 

He concluded tha t the Nimbus ima g e ry provide d a n 

integra ted view of the en tire water shed on a daily 

basis . 

Parry and Turner (19 71) in 1 infra ... Red photos for 

Drainage Analysi s 1 performed a compara ti ve study 0 f 

modified infra-red photographs and panchromatic air 

photographs at mediul7l sC.'lle to compare vvi th regards to 

their effectiveness on reve:::tling drain'1ge n e 'tlvorks . 

Tile Study area WQS a forested area of New Brunswick 

in Ea ste rn Canada . 
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He used the advanta ges of Infra - Red in se l e ctive 

reflectance of vege t ation a nd water to conclude tha t 

the re wer e more i mmidiate recog"lli ti on of water channels 

on the photographs and considerably mor e ne twork 

details were detected . 

Return Beam ~Jidicom (R.B. U. ) image s and Mul tispec

ti~ l ~Ggnnin~ ~~§tem (M.9.9.) i mage s of Earth Re source 

TechnologL,;al ·Satelli te (E . R. T.S.) l ater calJed landsat 

were used in 1970 by G. E. Stoertz and D. Carte r 

lHydro l ogy of Cl osed basins and desert s of South 

Ame rica - E .R . T. S. In te rpretati on I to s tudy the hydro-
, , 

geology o:f'desert s 311d semi de se rts of South Am erica . 
4 - . -, l ' 

The b asic ailll Vilas tc) devi se a model for use in : 

inte r p r eting E.R"T.S~ Images in :lri d a nd semi-arid 

areas inc luding the de serts . They mapIBd tre drai nage 

divides aDd underground flow of water using d i ffe r ent 

bands smd channe ls in closed bas ins . The y found tha, t 

the:r-e i s rela t i onship between p ermen en t drainagB . basin 

char2.cte ri stics and sCClsonnl .snow co ver/flood wa t er ani 

ground wa t er f l ow . 

R. B . Clark is (-1974) "Applicati on of Remote Sensing 

in f l oodway de lineat i on H used Earth Re s ource s Techno

l ogy Sa t e llite (E.R.'I'.S.) im,:tge s in additi on to h igh 

a l titude a ircra fts photographs tp conduct a fl ood 

delineation project for Planning Dep::l.rtment of Cochise 

Country of Arizon a , Usa . 
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He found that combina tion of E.R.T .S. data and medium 

scale a irphotographs make s delinea tion of flood plain 

easier as spatial resolution becomes clearer with the 

sets 0 f i mage s. 

R.P. Bukata and J. E. Burton (1 974) used the 

LANDSAT (~.R. rr .S. - 1) during the overpasses of Lake 

Ontario on August 20th and 21st of 1972 in a computer 

compat ible magnetic tapes f'DDtn to make a non supervised 

classificat ion schemes of water Regim e s of Lake Ontario 

area . They used differen t band images to form a compo

si te image for the i r study. In conclu sion, they said that 

based on i ts 4 vecto r solar r e flectance r e sponses, it is 

possible t o c l a ssify water regimes from colour and 

false colour composites . The ti ttle of their work was 

'Digita l Classifica t i on of Water Regimes Comprising 

Lake OntariO". 

Also in "Water Resources" Vincent V . Salmon son 

(1973) studied the aquisi tion , analyses a nd use of 

E.R.T .S -1 data in Hydrology. He used dif'ferent strategy 

mOdels to describe the process of acqu isition of E.R.T.S . 

- 1 data, its ana lyses , proce ssing :md utilization wi th 

r eg'J.rds to scale, special fe a tures of the d 2.ta in terms 

of sensor system, mode of Rcquisition a nd di fferent band 

avaliable . 
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He concluded that tre different band systems of till 

E .R. T. S. would be advant!1geous in survey of wa tershed, 

surface water mapping, river monitoring, flood area 

assesment and flood plain mapping. 

In June 1973 5 Andizej B. K8sik in "Analysis of 

the ~!'c::!nnCf£ g4-~tcrn of Slelc c.:t;ed A;rc;as of Gana da using 

E.R.T .S. -1 Imagery as a Base" conducted a study of 

drainage patterns in different parts of Canada. He 

used the manual techniques to tr ace t:re drainage 

networks as well as measurement of densities as this 

is simplest method applied by interpreters from Se ven 

different examples allover Canada, he draw these 

conclusions, firstly that drainage pattern on the 

E.R.T.S-1 images show great variability dependent 

upon the factors related to the environment . Secondly, 

the indexes of dr!1inage densities calculated from the 

E.R.T.S -1 im3.ges for the lowlands and uplands are 

smaller than indexes obtained from till maps 1:1,000,000. 

Thirdly , indexe s o:f drainage densi ti es :f or the moun ta in 

areas are higher for the E.R.T.S image s tha n for the 

maps 1:1,000,00. Fourthly, colour composites trans

parencie s, particularly from channe l 4 ,5,6 as well as 

black ::1nd whi te copies from channel 5, nnd 6 show the 

best applicability for the intc r pre ta tionof drainage 

pattern. 
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La stly, Drainage pattern extr a cted from the E. IZ .T.S.s-l 

image s is ~uch more reg i onally differentiated than 

the n e twork presen:ted on t he maps 'I : 1 ,000,000 . 

W.D . Bruce, in 1974, s tud i ed t he u se s of advantages 

of high attitude a ir- pho tog r nphs, small s cale maps to 

li13:9 cmd analyse d:"~8.inage bas ins. In 8. study ti t tled 

;;H igh Al ti tude Photogl.~aphy: ~n i mpr oved Cl:-:-, ta sourc e 

for d rainage system .!L"f1alysi s s Vi h e worked on ccrea s of 

(2 is~dvantage of c onventional d~.lt[} s ources . He arrived 

n·c these c onclusi ons . P irstly , that Hi gh al ti tude o. ir 

photogrHphs provided dra in :2 .~e n etwor k cl'1to.. wh ich over

comes most of the defic i c nc8S of 'c onvention a l datE'. 

s curces. Also~ that certcLin uni ~tue ndvo.nt3.ges like 

consistency of data sto..tisti cnll y [l.nd in de t o. i18 are 

provi ded th.c..q t far ex ceeds :':l.ny possible o r ,Practic G.l 

source of inform2.ti on . 

In r e l a t ed works, Peter A. Cnstruccio and 

):'51VVY L . Lonts Jr (197LJ.) ;/ Practic8.l Util i zation of 

Remote Sen.s i~g Techn ology for the lTIalVlgement and conser

vo.tion of NaturCl l Hesources" and U.S.A. Nat ion a l A 

AC8.dem y of Scien ee s, Na t i onal Re3e arch Counc il (197 5) ;1 

Inland wat e r Resources: Pract ical Application of 

8p::tce Systems" otudied r e spec tively the d i fferent 

npproache s to u.:::;es of Rem ote Sensing da ta f or the 

study of V:a t er R.e s ource s . 
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They discussed different methods of using Remote 

Sensing data in water shed manageme n t , surface and 

ground water detection Md mapping, flood area asses

ment and flood plain mapping. They concluded in their 

different works thlt Remo te Sensing data represent a 

§ine~Qug~non in mapping of hydrol ogic features most 

especially in groundwater detect ion . They provided 

models for flood pla in i dentification, mapping and 

construc tion of li...ngaged wa ter sheds . 

D.L. Henninger e t a l (1975) IIFlood plain delinea

t ion using a ircraft data '! worked on flood plain 

del ineati on wi th a ircra:§t data as da tase t. He used 

computer to analyse a ircraft mul tispec tral scanning 

system (M. S.S .) do.ta se t by stretching the contre.st 

between the different r eflectances by plan t s within 

the flood plain. The basis is that plants with avail 

available water have different radiometric resolution 

from plants without enough water. He attempted to 

delineate the flo od plGin using their bo~~dary as the 

boundary 0 f t he flood plain . He found that he cou.l d 

not use the c o'11pU ter to de lineate a cont inous flood 

flood plain but the computer did indicate a break 

between flood plain and non- plain with small areas 

which correl~ted with one or more flood plain limi ts 

e stablished by other methods . 
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In "Estudo Corparative entre documents Cao 
! 

cartogra:f ic a (1: 50,000) e,,,,a ~ ae ro:f otogr f1.:f ical 

(1 :2 5,000) par3. a an a lise da dren agemfl (Comparative 

Study b etwe en cartography and a e rophotographic 

do cumenta tion :f or dra inage basin analysis), Antonio 

Christo:fole tti and Archi mede s Perc z Fillio (1975) 

made a comparative study o:f cartography by ordin C>-11c c 

survey em d a i rphotogra phy. They us e d maps (1: 50 ,000) 

and a ir photos (1 :25 ,000) ~nd a n a lyse d maDY dr a inage 

b a sins , considering the ir d i :f :fe rent orders , magni tude 

and 2.rea . 'rhe y madc the :foll owi ng conclus i on. 

Cons i der in g magn itude s , great variat i on :found was c :·: 

e xplicated by the i nclusi on of' rills generat e d by 

runo:f:fs on ni rpho tographs. They d i d not con sider 

the rill s~ in that se n s e as be l on ging to :fluvi a l 

drain:lge netwotlkc . !\lso the -..ralues ab out o.1"e2. showe d 

a suggesti ve re l ation a n d it W8.S pos sible to e xpress 

the :following :formula i n a correlation between a r ea s 

measured on ma ps an d in a irph otogr aph s . 

y = - 6.33 + 1. 137x 

vvhere Y = a reo.s me asured in a ir photographs 

( dependen t var i ab l e ) 

x = area s me asur ed in maps (indepen dent variable s ) 

George R. Hawke r an d J.W. Rousse Jr (1977) 

. "!" . 
\ ~: . . : - ' .·';a 
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George R. Hawker and J.W. Rousse Jr (1977) 

HPlood plain delineation using multispectral analyses" 

used multispectral scanning system (H.R :.~S . ) data, 

simulated by densi ty slicing differences in a false 

colour composite infra-red tran sparency to study a 

section of Navasota River in Texas . The transparency 

was taken from a I m.I-flying aircraft and covered an 

area approximate ly ~ square mile . The simulated data 

were processed by an automat ic classification technique 

previously de ve loped in Remote Sensing field . The 

technique use d involves the applic~tion of the maximum 

likelyhood rule in order to cacanagorise the data 

being processed. They vle re able to d i stinguish r-, •. 

b etween areas known to be in flood plain and those 

without. A reasonable correction was found between 

boundar i e s base d on computer processed multispectral 

data and those produced by techniques currently in use. 

Hannock and Schlossner (1976) "Wa ter Mapping 

Setalli te data: an automated procedure" used different 

t echn iques to provide accurate data for water mapping . 

Th ey developed a mode l called - DAM (De tection and 

Mapping) model vvhich could be used to provide accurate, 

up to date , economic al a nd prope rly formatted maps 

of surf a ce waters using LANDSAT (Earth Resource 

Technology Satellite) di gital da ta in 1976 . The model 

could be applied to other sate llite systems. 
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"Etude de Delta Cen tral du Flueve Niger Pro j ect 

Saphyr" (study o:f the Central Delta o:f tre Niger river 

proj ect saphyr) was made by M. Bled-Charre-ton and 

others in 1977 in Mali . The objectives were to conduct 

a hydrological analysis of tre River Niger with the 

aims o:f determining the underground :flow system and 

causes o:f abnomalies observed in the river inland 

delta zone . They were able to determine the unde rgound 

water :flow system directi on o:f central Delta) o:f river 

Niger, state the causes o:f anomolies observed and map .' 

the river with a study o:f its morphology . The study 

area covered about 50,000 square kilome tres . 

D. Brown and R.S. K'lggs (1974) "Remote Sensing 

Application to Hydiol ogy in Hinne sot8.: 1 conducted a 

model planning analysis Vi i th the a im o:f :finding solu

tion to a variety o:f hydrologi cal problems including 

:flood plain detection and delineation, surface runo:f:f/ 

discharge r ela tion ship using the Earth Re sour ce 

Technology Satellite ( E.R .T. S.) da ta . They:found that 

they were aooe t o solve a s er i e s o:f quest ions including 

investigati on o:f ::.JUr:face cover data to develope sur:face 

runo:f:f coe:f:ficien t :for n on- instrumen tal watersheds . 

• .• /41 
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In "Water Resource Evaluation using photogrametric 

and Remote Sensing Techniques", P.R. Peti t (1976) 

made a comparative study of use s of a ir photographs 

and Satellite data to e valua t e wa t er r e sources. He 

used the different methods of analysing a irphotographic 

and sate llite i mages in wa t e r resource application . 

He concluded that satellites pro vided a u~efUl means 

of colle cting and transmitting informati on to a 

number of ground based s tat i on s . Also the advantages 

of using aer i a l photography has particular signifi canc , 

in hydrologic mapping . 

Robert K. Holz and Victor R. Bake r (1979) in 

"An Examination of Fluria l morphological characteris

tics of We stern Amaz on stream s from Appolo-Soyuz 

photographs ll studi ed the str ems of Amazon based on a 

three type s inous i ty pattern distinguished from colour 

photographs gen er a ted b y the Apoll o-Soyuz Te st proje ct 

(A. S. T. Po) • The 3 river type s 'Nere choosen a s 

r epresen tatives of remarkable variations in fluria l 

r egimes and morphol ogy that exist in the Amazon basin. 

Empirical formulae were te sted in est i mating the 

h ydr ol ogi c proper t1es of the rivers . 
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The study demonstrated l ack of precise understanding 

of regime behaviour in tropical stream s and the 

difficulty of transfering the results of research on 

humid mid-la titudes Pilld semi- arid mid-la ti tude s streams 

to those oftl--e humid trop i cal areas . The r e sults show 

th at the l ow sinuousity ~~azon Basin streams transport 

much finer sediments than do streams of equi valent 

sinousity described for semi- ar i d regions . Many of the 

fluvial c omplexi tie s of t he we ste rn Amazon basin s 

appear to result from the relat ive ab ilities of differe. '. t 

rivers to rewo rk coarse , relict alluvium that was 

deposited during the relatively a rid post - glacial 

phases of the pleistocene . 

In the I'De lineat i on of Drain age and physi ographic 

features in North rrn d South Dakota usi ng NOAA- 5 infra

red datal! of 1979, Stanley R . Schne ider and othe rs 

used the enhanced night time 1km the~al infra red 

imagery 3IlQ dig i tal data from the rJOAA- 5 polar orbiting 

sate llite to map drainage patterns and landforms in 

North and South Dako ta . Features de lineated include 

the mi ssouri Escarpmen t from Sa skatchewan to the 

,Nebraska b 'Jrder, the lv1an i toba :Cs carpmen t , Coteaude s 

pr airesi reccessional morraines on the Coteau du Missonri, 

and partial dra in "?.ge boundar i es for the following 

river s : 

... /43 
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J ame s , Big Sioux2 Minne s ota ? Red of' t h e North, Souris 

and tlBmai nstem of the Missouri a nd its weste rn 

tributarie s in the Dakot~s. In several instance s 

drainage .from gentle slope r in the Midwest wa s 

disce rne d and c orre lated wi th local r e lief . Analysis 

of the s atellite d igita l thermal da t a for we ste rh 

tribute rie s of trB Missouri River , using topogra phi c 

ma p f or l ocat i on de t e r min a tion , r e vealed north 

fac ing slopes to be war mer than south facing sl opes 

by an a verage of 1 . 5°C . This a t t r i buted to diffe r e nces 

in soi l mo isture b e tween n ,)rth a nd south f a cing slope s , 

In a pa p er presented in 1990, Ononiwu NoU. 

discussed thG effective m::mGGemen t of river basins 

using SoPoO.T. i mage s . He used S . P. O.T . images with 

panchronatic r e s olution of 10m for linear fe a tures 

and 0 . 04 h e ctares for a r ea l measurements. He a lso 

added Xs band 3 8.Ild 4 produced in false c ol our 

compo site to impr ove r esolution . The study area was 

parts of' Ka duna River basin. He found that SoPoO.T . 

is very efJ'ectiv8 for gathe ring r e pi titive information 

of surfici a l da t a in a river b a sin for e ffective 

management . 

Ananabn , So Eo a l so mapped the surface water 

r e s ources in Niger i a with Remote Sensing data • 
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A c ase study of the effectivene ss of sma ll scale remote 

s ensing imagery f or t he inventory of surfa ce wa t e r 

r e source s in Northe rn Ni gerian was presen ted . The 

data con s is ted of 30 LAND SAT image s at the s ca l e of ' 

1 : 1 1 000 , 000 in spe c tra l b?nd 5 a nd 7~ The method used 

was visu a l mon o scop i c approach an d a mosai c of the drainage 

drain :J.1e l i nes Wf-lS made to pr oduce a dr a inage ma p 

o cove ring 0.11 p ar ts of lU ger north of l atitude 8 North , 

South of these I nti tude ·images were poor and cloud 

cover excess ive . The drain 8ge map has given a cl ear 

and u p to da te pic ture of ~ he regional dra inage work 1 

drainage dens ity and by inferenc e the lithol og i cal 

diffe r en ces in t hos e parts of Ni ger i a . Tne i mplicati on 

of t 11; drainage den si ty for both surfa ce an d gr ound ' .J 

water resource s were a lso di scussed. 

Ononiwu (1990) in hi s pap e r had made a ca se for 

the use of S . P. OoT . im~gery a s against LANDSAT f or 

mapp ing drainage basins . This h e based on greater 

r e solution of S. P .O.T. da t a (pixe l size - 10 me tre s). 

His stu:iy showed tha t with computer applica tion the r e is 

increa s ed r e s oluti on of S.P.O. T. data becaus e of higher 

precision of c omputer appli cation . 
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The present work is along the same line as Onomiwu's 

paper but made case f or using the greater resolution 

of S .P.O. T. imagery for t he del i niation of flood plains 

especially of areas where fadama farming is of great 

importan ce . A manual approach was used in the study 

to show tht t if is possible to use such an approach 

for hydrologi cal studi e s in t be developing world • 

... /46 
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CHAPTER THREE 
------.~..-..~ 

Methodology 

3,1 Theoritical Bases for the study: The Ri~ 

lies wi thin a region where the climatic con di ti on 

makes it necessary for the people to r ely on water 

from streams for most of th e ir uses wh eth er industrial, 

domestic or agricultural use , It is therefore neces-

sary for e very ava i iable source of wa tel:' to be mapped 

and analysed . There is therefore the necessity to 

r egularly up date the map of Garonga riVer basin by 

using a method that could pro duce a quick result . 

Remote Sensing wi th its numerous advnntages, is the 

only method avaliable to th is mapping producing not 

only a quick map but a lso for re @l lar updating of 

abase map . 

Th8re was also the n8ed to an alyse the basin 

to see if it fi ts in to the known )Tlodels of basin 

study~ Lastly an attempt was made to delineate the 

flood pla in as a bnses for understanding the conse -

quences of agricultural use of tre :flood plain ye 2rly. 

These above reason s ad viced the n eed for th is study. 

3 . 2 M~~ls: The foUowing matcristls were used 

for th is research work . 

A compute r print out of the S.P.O.T. imagery of 

the ":', 1"eo. 'JIl"1. S obto. ined with the ident ification pro:file 

in Table 3 .1. 
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Table 301: Identification Profile of the 
----~·---s:POO:-T": ·Tl!'~Sl.iery 

~ .. >-- .1---_---_---...,. 
se nsor 

Path & R~w Da 
Id 0 Noo of 

te Time Centre Ang l e 
of of 

Ca pture I mage Incli-
n ation 

product 
Type 

.-. -4-----4---.--. - ~ .-.~ . ~.'-~ 

~~P~~O~T ·H .,R"V 075-327/0 8/ 4/86 10: Pre
proc es 
sed 0 

1-

a 

1 X s o 

Pr eci
sion (D-r 
r ect ed 
Sc e ne 

--'-___ -+-__ ......J..~~.~~_ . • ~ 

A topogr aphic mRp of Rano wi t h scale of 1 . 250 9 000 

produced in 1957 with a i r coverage of 1950 a nd 1956. 

Mirror Stereoscope we.s used t o enhcmce the image . 

A p a ir of divid0rs spaced a t 3ITh.'Tl apart wa s used to 

dete rmine linear d istance s . The im age was traced unto 

a tra cing paper . 

The print out copy from the S.P .O .T . im agery was 

moun ted on a light t o.o l e a n d held wi th adh e si VG tape s. 

Mirror Ste reoscope wa s used to observe the f ea tures to 

enhanc e i dentification of features . It W3. S not p o ssible 

to obse rve tre 3 dementiuns.l qu a li ti es of stereoscopic 

v i ewing b e c ause th eI'G wa s only o ne imrtge usc and it 

wa s a print out form so r elief observat ion was n ot 

poss ible . 
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The main stre am-rivff' Ganranga 1 was trF.l.ced out. 

OthGr streams were a lso tra ced out . 

The b oundary o f t h e rl r o. in 8.ge area , th e.t is the 

co.tchment area, wa s demarc a t ed a n d de line n t ed. There 

are two major "boundary system s of a d rainage basin . 

The t opographic divide is t he highe st point between 

t vvo ad j o ining basins while the phrea tic eli vi de is the 

ground water di vi de b etween two ba sins . The topogro.phic 

di ,,"ide may n o t a l ways c o inci de with the phrea tic el i vide . 

In this mapping study, it was not p ossin I e t o put into 

c on s i dera t i on the t opogr aphic divide a s the ad va ntage 

of s t e r e o scopic v i ew ing in t e :r>ffiS of 3-dimensi on a l 

r e lief viewing wa s not avali 3.bl e . The phreo.t ic d i vide 

was easier t o dema rca t e because of the vege t at i ona l 

allignment, othe rwi se the mi d di s tanc e between two 

ad joining basins wa s use d a s t h e wa t e r d i vide . 

The cultural f eature s in the basin were traced 

out. The cultur a l features traced out in cluded the 

roads and towns . These we r e used b a sically as i dent i

fic a tion marks. Th e l' loo~9. plains of Chal awa rive r an c1 

parts of' Gar3.Dga rlver i den t ifiab18 were tr a ced ou t. 

The del ineati on 0 f the flood p lain was don e using 

th e spectr a l r eflec tanc e uf vegeta tion . Thi s was based 

on the pr inciple th at heetl t hy vege ta tien and unhealthy 

ones h a ve different ref l ectan c e values especially on 

n ear inf r a r ed (N oIoR.) portion of the e l e ctromagne tic 
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.. 
The vegetation tha t l1:J.s enough water a va linb le to it 

ofte n 8ives a luxuriant or bright red colour on a false 

colour im ::;ge . This principle Wo.s u sed in dGlineating 

till floo d p l o.in 0. s t m vege ta t i on n ear e r t o thG stream 

hRve c onstant supply of ground welt e r so reported a bright 

red c ol our on the image while tl1 0se in the htnt8rl nnCl of 

the stream gave a v8ry dull red t o brown colour . 

, ThG s treams were or de r ed usin g tre strahler ' s (1952 ; 

modifica t i on of Horton ' c (1945) method of stream orde ring. 

It ,g ives the fin ge rt:Lp tribute ries or i g inat ing a t a 

S0UrC G Rn o r der One (1) . The junctions of two s treams 

of' order Q. form a downstream chA.nn e l o f order U + 1 . 

The junction o f two stream s of uncqu:J. l or der U en d \T , 

wh ere V > U 1 create s a c10l"ill streClm segment h 8.vinc a n order 

equ a l t o tm t of tre h i gher orc.e r tributery V. 

The l engths of the diff erent orders of str cai:1S in 

th c ba:=;in was mefisurc,} in milime trcs using Q paj. I' of 

dividers set D. t 3 milimetre range . This gave the l engths 

of stre2,rTIS i!1 d i f f erent or dc'T's . 'Nhen summed UP 9 it gave 

the tota l lengths o f str eams in the b 8.sin. 

The n.rea of the bnsin was measured usinG 0. s 'tlufl r e 

gr i d p3.)er in 5 milim(:;tre s r.Ln d 'I cen time tre • '1'he total 

number of one S\:'U2,re centimetr e W ,S'.S sum med u p . The halves 

::md Cjuartre ?ort i ons thflt fell wi thin thG ba sin \vere 

summed U1J anu d i v i ded by 0 . 5 and 0 . 25 .'.lS the case may b e • 

• • • / ryJ 
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The a rea was f ound in squa r e centim e tres . The t opogra-

phic map was spread on a light t ab l e a lso an d held with 

adhesi ve tape s . The basin of the Garan ga river wa s 

de linea ted . The boundary between the two basins wa s taken 

here as till mid- d istnnce between two streams of two 

different basins . 'I'hi s W{lS so done b e c au se there we re 

not added f ea tur e or parame t e rs to use in de lineat in g t he 

b a sin . The streams in the Gar an ga river bn sin were order ed 

on the topographic map u s in g the p revi ous me thod descr ibed 

above . 

The diffe r en t number of str eam s in ea ch order in 

the t opogr aphic map a nd S . 2. 0,T . H.R.V . Xs imagery were 

compare d . 

Till scale of' till S . P .O.T . imagery was t he n determined . 

Thi s Was don e by c omparing the distanc e b e t ween two settl e -

ments in the i moGery and in the -t:mpographic map . The two 

se ttlemen ts used a re Ba rkun a n d Kumunya. Th e d istance 

b e tween t re two set tleme n ts in the t opographi c map was 

3 . 5cm and the c1istal1ce in the image r y wa s 1L!. centimetr es . 

The scale of the image ry was t he n de t erm ined using the 

f ormula r . 

(map distance) (Scale of map) = (Imager y distance) (Scale 

of im agery) 

i . e . 3 . 5 x 250 , 000 = 14 x x 

x = .3 . 5 x_.2.S0,. 000 
14 = 62 , 500 
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With ... .:. :·~ 2cale of 1 : 6 2 , 500, the length o~ the map that 

will make up on e k i lometre was fou nd wit h t he me tho d 

- 10 0, 000 cent i oetre s i s e qual t o one k ilometre there-

for e 

100,00 T 62 , 500 = 1 A6 

SO 1. 6 cent i metre s on the i mage equ.:ll s to one kilome tre . 

The l 8. c ti tude and long i tude s were de t e r mined on 
Jo e 

51 intervals . Since 1 . 6cm on th e map repr esen ts 1km 

on the ground , the 51 wi ll be equal to 5 x 1 . 6 = 8 

centimetres on the map . 

The d i sta:n ce from R 8D.O was th en gi ven in t erms 

of l on gi tuJ.in::t 1 an d lacti tucUnal d i f f erenc e s of' 8 

, . :m t i me t r e s on the mn p mode from th e i lIl2 ge . 

Ground t ruth ver i f i cation v i s i ts were m:=l.de to 

a s cer t8.in the ver:J.ci t ;\,T 0 f th e Remote :')en SLl1 g da ta o 

The do. ta from Remot e Sens in g i mage ry and (l.ata 

from TopOgl~8.ph i c mn.p "vere subjected to ch i sC.J)lnre 

(x2 ) te s t to s ee if the r e is a ny si gni f i cant d i fference 

be tween t.'l ew. 
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The scale of t:re imagery is 1: 62,500 

The mOI'phometr.ic an alysis of' the tasin was made using 

the data collected from the imagery and the topographic 

map .. Tv! orphome try ref'er' s to the measureme nt of' sh ape and 

pattern . The f'ollowing nnal ys i s were made . 

Law of' stre am nurnbers (Horton 19L~5 ) . It is called 

the bif'urcation r a t ion calculated by till f'ormular 

Rb = Nu 
Nu_1 

where Rb = 
Nu = 

bifurcation ration 
nwnber of' streams of' order U 

The bif'urcation ration of' streams a re n o rmally 

between 2 ::lnd 5 but cou l d be l arger f'or e l on ga t ed streams 

or stre a ms where geo l ogy and clima te p l ay import an troles . 

Compared t o o the r n 8.turGt l f'eatures , it was reported that 

bifurcati on ratios f'or t i ces is about 3.29 f'or lightening 

strikes 3.5 a nd f'or blood vessels 3. 4 , implying that 

ratios in this range approach a natural optimum 

(Gordon N.l.) and otl13rs 1993). 

Law of' streJlffi .. _l~D£..th (194.2). Thi s is calcula t ed by the 

f'ormular. 

Ri = Lu 
Lu- 1 

wher e Lu = Aver age stream l e ngth of' stre am s of' order U 

Drainaf.t~ Densitx. This give s the aveI'age of' stream 

pe r d r a inage area unit calcul~ted with the f'ormular 

Dd =~ 
A 

where ~ = total l engt hs of streams in the basi n 

A = Area of' t m 1:) as in . T..'le uni t of' mes.suro of' drainage 

dens ity is in unit of' l e n gth pCI' uni t a re a . 

•.•. /52 
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Basins with high drainage den si ty n re ch.'1racteri sed 

by a fine ly di vided network of stream s with short 

len g th and stee p slope . The low density basins have 

larger stream s l engths , flatter valley sides and steams 

furth er apart . It reflects the climat ic patterns, 

geology , soil and vege tati on cove r of a catchme nt . 

Average length of Overl~d Flow (LO ) 

Lo = 1 
2D 

where D = drainage density 

FOI'!!!.._B,llJ i o: This is used to describe the shape of 

the basin . It wae· c8.1 cuI a ted wi th tre formular 

Rf = A 
L2 

wh ere Rf = form Ratio 

A = Basin area while L = l ength of' the main 

stream 

Elongg ti.0n R~t io"J.B~J: calculated using the formular 

Re = Dc 
L 

where L = l ength of main stI'eam (Garango. river) 

D~ = diameter of a cycle with tiB S8lIle RreIT as till t of 

the basin . The Dc is calculated wit h the formular 

where A = basin l'1.rea . 

11 = Pie 9 a constant wi th value of' 22 
7"" 

{ I 
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The Form ~nctor was a l so calculated . It expre sse s 

the r at i o of the aver qge w i dth to t:re 8.Xial l ength of 

the basin . The ax i a l l ength is mGasured f r o m the 

outlet to the most r emote point of' the basi n . Th e 

average width is obtaine d by d i viding till area by the 

axial l ength . For basins with side outle ts the width 

ma y exceed the axi 8.1 I Gngth, givin g a ratio greate r than 

unity (Gordon , N. D. and o the rs, 1993 ). 

The form f ac tor g i ve s some indica t i o n o f the 

tendency towards flood a nC. the r a te at ¥.hich water enter, 

th e stream . This is beca.us e a l ow far'm f a ctor is less 

lilm ly to h8.ve an in tense r a inf8.1l s imul tenously over 

i ts entire extent t han an area of equal size witb 

l arge r form factor . 

of the bas in to the c ircumference of 8. cycle whose 

area. is equal to tbat of t:re basin, g ive s by 

Cc = Po T1'TA 
"2 

wh e r e Pb = Perimeter of basin . 

The geograph i cal cordina tes of the map area was 

determined u sing tbs cordinates o f Rano (11
0
37'N , So 

34' E) as r e ference point and bear ing in mind .t.h3 fRct tba t 

1
0 

of I nctitive equ~ls one hUndred fu~d c l e ve n k i lome tre s , 

r' of' l act i t u de ·will be 11 1 km = 1 . S5 km 
To 
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CHAP7ER F.9UIt 

Analysis of the data 

This chapter e.~8rniJ.l e s the findings of the sill O;y. 

The data was presented and discussed as well as the 

Action, Implications a nd various wa ys of implimenting 

the results. 

4.1 E,resentation ani _Analysis of tIE data 

The mapping of t:re basin was made bearing in mind 

the principles of Remote Sensing with regards to the 

basic characteristics of the f ea tures of S.P.O.T. imagery 

These characteristics common to ·other eatelli:te ·imageries 

include s the fe a ture s 0 f shape, si ze, pa t ter n, sha dow, 

tone, texture and si te of t:re phenomena on the imagery. 

The tone, shape a nd pattern of the drainage system 

courses, and tha t of the vegetation cover were influenced 

by their absorptivity in the near-infra-red portion of 

the electromagnetic spectrum. 

The river Garanga flows northwards into the Chalawa 

river. The pattern of t-he b a sin is sub-dendr·itic gene

rally except towards the south and sou th east whe re it 

tends towards sub-trelli tic, This points to tIe facts 

tha t towards the north, where t:te river flow s into Chalawa 

river, there is uniformity in the geo logic features while 

in the south, especially in the oouth-east, there is 

presence of rocks that affects the drainage pattern • 
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These rocks could be noticed on ilie imagery. _ With the 

spectral reflectance of \?egetation -i t was possible t<? :.. _ , 

generally delinea te the areas 1;i~ab le to flooding or the 

flood plains of Cha lawa river. On- tre main study area, 

river Garanga it was only possible to delineate a d iscon-
-

tinious zone of flood plain. Garanga river is a smaller 

stream and as such does not ha ve enough di scharge to 

produce a continious flood plain as in Chalawa ri ver. 

The absence of a continious flood plain could be explained 

in terms of presence and influence of rocks ' in the southern 

parts of the river . The stream s were ordered . This 

gives fingertip tributeries order 1 a n d where two streams 

of same order ( ) meets, it giv:es a higher order (U -+ 1). 

If two stream s of d ifferen t order meet, the s tre am with 

higher order supercede s till l owe r strearri. The resul t df 

the ordering is given in Table 4 .1. 

-----------.-.---~=.------'-'--.----:-:--. ---
Order of Stre ems 

-
1st Order 

2nd Order 

3rd Order 

4th Order 

5th Order 

Numb ep of -Str-eams 
----------------~---------------
Satellite Topographic map 
Image - --

162 150 

44 39 
12 10 

3 3 
1 1 

~-

Diff'e rence s 

12 

5 
2 

Table 4.1 Number of Stream s of dif'ferent orders in S.P. O. T 

image and Topographic map . 

.. /57 



57 

It was observed tm t with S.P.O. T. image of scale 

1:62,500 more streams were dentified than in a topogra

phic map of scale 1:250,000. This was with a manual 

interpretation method. With computer application , there 

might be better identifica-tion of features. 

The streams in the basin were measured according 

to the different orders . The length of the main stream 

(River Garanga) was also mea sured. The Satellite 

imagery gave the stream length as 79.9cm while tre 

topographic map ga ve a length of 19.5cm. The length 

was converted to kilometres using the formular 

Length x Scal.§. 
100,000 

The length of Garanga river was found to be 

49.94 km in Satellite image and 49 km in topographic map. 

The lengths of streams giveB in cm and km are 

displayed in Table 4.2 and Table 4.3 

----------------------~------------------------------
Order No. of 
of Streams 
Streams 

' j ':-, 

1 st 150 
2nd 39 
3rd 10 

4th 3 
5th 1 

Total 

Total 
length 
of 
Streams(cm) 

78.8 

44.228 

21.744 

14.1194 
6.5868 

165.4782 

Total 
Length of 
streams 
(km) 

'197.000 

110.570 

54.360 

35.298 
16.467 

413.695 

Average 
Length 
of 
Streams 

( cm) 

0.5253 

1 .1341 

2.1744 

4.7065 
6.5868 

Average 
lengt4 of , 
streams 

(km, ) 

1 .3133 

2.8351 

5.4360 
11 • 7660 

16.4670 

, •• /58 



58 

Table 4:3: Length~ of streams of different orders in the 
basin (Topographic map) 

The area of the basin was calcula ted using the 

/1542 = 39,268cm 

The product of the length and scale of the imagery 

gives the length on the ground. This 39.268 x 62,500 

= 2454250cm. The length on the ground was divided by 

100,000cm to give the length in kilometres 

2454250 = 24,5425km 
100,00 

The squaring of the length gave the area of tre basin 

in kilometres, this 24.54
2 = 602.334 km

2 

'l11e area of the topographic map basin was found wi th the 

same method. The area in Cm2 was 98.5cm 2 

. 2 
19B.5cm = 9.925cm 

(2,925 x 250,00Q)2 = 615.625km2 

100,000 
The differences in ' areas as calcula ted by u~ing the SoP.OoT 

image and Topographic map could be explained in terms of 

the fact that t.h3re is wide disparity between the scales 

used and tre fact that the SoP.O.T. image drainage basin 

boundary delineation took into ~ ccount the phreatic divide 

of the drainage basin. 

The morphometric analysis of the basin was performed . 

this with results. 

The law of Stream numbers or Bifurcati on Ra tio (Rb) was 

determined for all the orders of stre am s in the basin 

with thr formular Rb = Nu 
Num 
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The result was given in Table 4:4 

------------------------------------ = -

Stream Order _S_n t_e_l_l_i t.:.~age:._y __ T_o_pog:.~P_h_i_c __ ~~ __ 

Number of Bifurcation Number of Bifurcation 
Streams Ratio Streams Ratio ----_._-_._----------.,----------. 

'1 st Order - 162 3.68 

2nd Order 39 3.90 '. 

3r-d, Orde~ - 12 4.00 10 

4th Order 

5th Order 

3 3.00 3 3.00 

Table 4.4: Bifurcation ratio of streams in Satelli te 

imagery and Topographic map. 

Tho average bifurcation ratio was, got as the average 

(mean) of all bifurcation ·ratio. 

Rb (Satellite - iIllage) 

Rb (Topographic map) = 

3~67 +4.00 + -).00/4 = 

3.85 + 3.90 +3.33 + 3.00/4 = 3.520 
===::;::: 

Shreve (19p6) found in an extcnEive study that norm~,Pl 

bifurcation ratio lies between 3.00 and 5.00 except 

in areas where there is dorminant geologic control or if 

the precipitation regime is so mueh as to influence the 

the pattern Df the basin • . 

• •• /60 



60 

With a mean bif'urcation ratio of 3.588 (3.520), 

the Garanga river basin could be regarded as norma 1 bas in 

Wi thout much inf'luence 01' geology and precipi ta ti on. 

This result is true of' tre basins that fall s within the 

basement complex rocks t:rn. t have been eroded and so not 

exerting much influence on till basin. As regards 

precipi tati on, the area fall s wi thin tte continen tal 

Hinterland clima te that does not ha ve excessive rainfall. 

Rain1'all is be tween 800 and 1000 milimetre s in the basin. 

The law of' Stream length was also appl i ed to the 

basin. The law looks at relati on ship between length of 

streams in diff'erent orders of' tte basin. The 1'ormular 

is Rl where Lu + average length of' stream s in order 4 

The kw Was applied in centimetres. The resul ts f'or tIe 

Sa telli te Imagery and 'ropographi c map da ~q are given in 

table 4.5 and 4.6. 

--
! . .. ---------~- --"~.---.~------.~-~ 

Order of Number 
Streams of' 

'i 1 .' 

2 

3 
4 
5 

Streams 

150 
39 
10 

3 
1 

Total length 
of' streams 
(em) 

78 .8 

44.228 
21.744 
1401194 

6.5868 

Aver age 
length of' 
Streams (em) 

0.5253 
1 .1341 

2':-'.1744 
14.7065 

6.5868 

Stream 
length 
ratio 

2 .1590 
1 .6215 

2.1645 
1.3995 

Table 4.6: Law of' StrenJIl length ( 'r stream length ratio 

(Topographic map) . 
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The results show tin t tIe second ar'der and forth order 

streams are generally longer than the length of next 

lower order streams. But the average length of streams 

in the basin could be found to generally increase as the 

o tder increase e. 
The drainnge density was found with the farmular 

Dd El where El = total lengths o:f streams in 

basin A = area o:f basin 

for the satellite imagery, the Jrainage density is 

~~b2~b kIn of channel per square km. 

" 

for the Topographic map,the Drainage density is 0.622 ~ 

of channel per squal"'e kIn. 

Thi sis a relati vel y hi gh dt.>ri.s i ty. I t me ans till. t 

the area is highly dissected as on the average 0.7087 km 

(O.672km) of stream occurs in 0 v 8t'y square kilometre. 

There ' is a large number of stre G.rns in tre basin. It could 

be deduced from the basin tha. t i '1e valleys are steep sided 

with short streams. 

The average length of overland :flow was de termined 

with the formular Lo = 26d wher 3 Dd = 0.7053 (0.672) 

for satellite imagery the Lo == 1 
2Ti .7053) =' 0.7082 

:===::-

for the Topographic map the Lo = .' 
J 

'2 (0.672) :::: O.7/i± 
===-: 
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The form ratio (Rf) is one of the parameters used 

in describing the shape of the basin. It is calculated 

wi th the formula. Rf = A A = Basin area 602 • 334 
L2 

(615.625) 
where 1 = length of main stream 49.94 (48l):m:.t 

Rf (Satellite imag~ry) = 292 .334 = 602.324 
(49.94)2 2494.0036 = ~~~g~ 

Rf (Topogr h' ) 61 5.625 = 615. 62!2 = Q!.~2§~ 
ap 1C map (49)2 2401 ------

The form ratio compares the shape of tre basin wi. t h a 

square tha tis length is the sarre as that of the main 

stream (River Garanga). The result 0.242 (0.2564) 

shoW$ that the streams basin does not posoos tre sane 

shape as tre squE\.re of its main stream. 

The Elongation ratio was detErmined. It compares 

the river to a cycle of the same diameter as that of the 

length of River Garanga. 

Dl Re = "1 where Dc = diamete r of a cycle lJIl.i. th t re same 

length as that of River Garanga. 

Dc = !4 CA) 

Dc 

Dc 

11 

(Satellite Imagery) = !41602~ = ~I~g~ 
3.1 L~.16 

(Topographic Map) = /4I21b. ~£5 = ~I~~~Z1 
3.141b 
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Re (Satellite Imagery) = 27.62 = Q~22~2 
49.94 ------

Re (Topographic map) = 27.9971 = ~~~Z~~ 
49 

The r esul t means tha t compared with a cycle of 

diameter the length as Garanga river the result gives 

0.5545 (0.5714). 

Thi s resul t compared with t:re form ra ti 0, shows 

that the basin is nearer to a cycle that to a square. 

The form factor was determined with the formular 

Ff = A/Ltb where Lb = axial length of the catchment. 

The axial length of the basin is for satelli te imagery is 

68.3 cm 

The axial length of the basin fo r Topographi c map is 

16.7 cm. In kilometres, the axial length for tre satelli te 

imagery is 42.6875 km 

For the Topographic map the axial length in kilometres 

is ~~~Z~=~. 

• • Ff 9Satellite Imagery) = 60~~ 

(42.68 75)2 = ~~~~l 

Ff (Topographic Map) = §1~Z2 = Q~222g 
41.75 ------

Wi th a low form factor of 0.3 ~~ 1 (0.3532) it means 

tha t the basin has a rapid response to flood as the re is 

less likelyhood of h aving intense r a infall simultenously 

over its entire length than an area of equal size with 

larger form factor. 
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The data from Satellite Imagery was compared with 

the data from Topographic map to see if there is any 

significant difference between them. A non parametric 

test, (hi-square test was used. The hypothesis was 

Ho: There is nos ignifi can t difference between the 

observed frequency (S~telli te Imagery data) and tte 

expected frequency (Topographic map data) 

H1 : There is significan t different be tween the observed 

and expected frequency. 

The test was conducted at 0.001 level 0 l' confidence. 

-----------~----~--,.--. . -~~,-----

1.st Order 
shows 

2nd u II 

3rd II 

4th " 
5th H 

Total length 
of stream 

Area of 
Fa sin 

rb 

Dd 

Observed Expected 
Satellite Topo map 
Imagery 

162 150 

44 39 
12 10 

3 3 

1 1 

426.875 413.695 

602.334 615.625 

3.588 3.520 

0.7087 0.672 

.---........:-

12 144 0.96 

3 9 0.2308 

2 4 0.4 

0 0 0 

0 0 0 

13 .. 18 173.7124 0.4199 

-13.291 176.6507 0.2869 

0.068 0.0046 0.001 3 

0.0367 0.0013 0.0019 
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Table 4.7 Chi sq~ar~~d tab~e of Expected and observed 

The degree of ft'edom is K - , 1:,. ioe o , number of 
') 

events les one. 

If the calculated Chi-square <x2) is greater than 

table values) theh Ho is rejec~edo If not, Ho is 

accepted 0 

Th'e number of events is 1 2 so K - 1 = 11 

Uhder the table of Chi~square, the v a lue under 
, 

00001 with degree of freedom 11 is 31 0 3. Since 2.3035 

is less than 31.3, Ho is not rejected. There is no 

significant difference between values from Satellite 

Imagery and values from Topographic map. 

Ground truth verification v i sits were made to find 

out if the Sa tellite imagery has any bearing with what 

is on the ground five of the Twelve streams found in 

SoP.OoT. im ugery not found in the Topographic map was 

selected. 
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The 5 streams were close to each othe~ so the cost of the 

visit was p~t into consideration while selecting themo 

Three of the streams ' had constant flow of water all 

through the year o The remaining two had dried up with 

water left in pot hol e s Q This, the inhabit ants of the 

areas around them attribut~d to the fact the fishermen 

turns the rive rs to lakes by dammi~g, This is used as 

ishpondo These fihdings point to t,~e fact thut the 

streams generally carry wat.er all th~ough the year so this 

could be classified as perenial streams which qualifies 

them as streams to be ordere.d o The 9.l;ound truth visits 

were made in february during the dry sessiono 

402: Discussion of Findings: 

The study was carried out with the int~ntion of 

mapping and analysing River Ga~ anga Basin, a tributery 

basin of Chalawa rivero The finqj .. ngs of the s tudy were 

treated below o 

The mapping of the basin wa~ carried out bearing in 

mind the elements of interpretat ion of Remot e Sensing 

data e These important diagonist i c characteristics used 

in analysing and interpre ting a Re mote Sensing Imagery 

includes the attribute of size , t e xture , patte rns, site 

and association o The se, amongst e the r adv a ntages of 

Remote sensing helped in producing a hydrologic map 

comparable to fi e ld survey mapo 
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The pattern and size of streams were helpful in the 

mapping. In areas where the streams were obscured , 

tre spectral reflectance of vegetation and its association 

with streams were helpful in mapping smaller streams and 

in demarcating the flood plain. 

With the above considerati on, it wouldbe possible 

to manuall y produce a map, with a computer print out of 

scale 1 :62,500, in terms of hyrlrologic features, comparable 

to a Topographic map of scale 1 :2 50,000. More streams were 

identified in a Satellite imagery. With computer applica

tion it w auld be possib1e t o produce a more accura te map_ 

It was also possible to delinea te the flood plains of 

parts of Chalewa river in t:re imagery. It was only possible 

to delineate a discontinious flood pl ain for Garanga 

rivEr. It ehows that it woul d oe possible to use Satellite 

imagery to update a topographic map an d for b a se map produc

tion in Geographic Information System (GIS). 

It was possibl e to use the spectral reflectance of 

vegetation to demarcate the floo d plain. Thi sis important 

in planning for settlement purpose and for agricultural 

planning. This is b e cause in agricultLre, it shows the 

areas tha t could be u sed for all round the ye ar cropping 

and even the type of' crop to b e grown wit h regular mapp ing 

of the flood plain, it will be pof,sible to measure the 

seasonal and annual depletion of the flood plain and plan 

for a con tro 1 mea sure . 
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The morphometric analysis showed tha t the basin is 

an ordinary basin iha t f'all with in the normal range of' 

river basins (bif'urcation ratio is 3.588 (3.520). The 

geology of' the basin or "the precipitati on characteristics 

of' tre basin does not have much ef'f'ect on the basin. The 

stream length ratio showed tha t the second order and f'our th 

order streams are much l onger than t ill pre ceding ones. 

Thi s is qui te of'ter... \.isef'ul in determining the amount of' 

wa ter to be subtracted f' or agricul iure md f'or damming 

purposes, 

The average length of' Over land flow, the f'orm ratio 

an d e longa ti on r a ti. 0 al so d ef'in e tre type of' ba sin. The se 

parameters a,re usefu+ in developing consta nts usef'ul to 

parti cular basins especially in making use of' empirical 

f'ormulars, 

The resul ts showed thq t "the bas:in i s closer to a 

cycle tnan to a square, The f' act tha tit ha s a more rapid 

re sponse to f'looding as i t will not be pos sib Ie to ha ve 

an intense rainf'all allover .i1ts entire length, will be 

necessary fur calculating of' di3t:1arge (Q) of' the basin 

using the empirical formular . 

where 

Q = CAn 

Q = f'lood discharse in m3js 

A = Catchment are .t in km
2 

N = an index usuall y between 0.5 and 1.25 

C = a Coeffi ci ent depending on clima te an d 

and catchment character istics. 
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For the Coefficient to be fully detErmined and tre 

index, more siudies on the 1:asin is meaded in terms of 

it's hydrogeology for a con tinious p e riod. 

The results of the morphometric analysis using Satel

l:J.te Imagery data and Topographic map data were comparec'i. 

using Chi Squared (X 2 ) test and it was foun d tha t the re 

is no significant difference betwe en the two sets of datao 

This implies tha t Satellite image ry is useful in up dating 

and making of maps. 

The siudy of a River Basin is a continious and multi

disciplinary one . The ri ver basin s require sate IIi te 

imagery for -the se types o f siudie s, a part :from mapping 

the basin, especially S.P.O.T. imagery because S.P.O.T. 

satellite is the only s atellite that could be pr'Ovide a 

stereescopic capability for measurelIBnt of heigh ts for 

determination of topographic divide . This, in addition 

to the ability to use the spectral refl e ctance of vegeta

tion to determine the phreatic divide give a better demar-

ca tion of drainage b a sins. 

Images acquired by tte River Basin Authori ties could 

be jointly sharro by o the r establishments in Environmental 

Studies ca tegory for tl:Bir 0 vvn use . Thi s would help to 

update the maps of -the country V'li th I e ss oost. 
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Alternatively, a Geographic Information System 

(G.I.S.) could be set up where satellite images could 

be used to regularly update infornntion in a data Bank. 

Different organi sati OIlS and department s would be involved 

in thi s kind of e stabl i shmen t fo r i:IE purpose of sharing 

cost. 

----------------=-----------------,---------------------
Order ,No. of 

01' Streams 
Streams 

1 st 162 

2nd 44 
3rd 12 

4th 3 
5th 1 

Total 

Total 
length 
of 
stre am s( em) 

321 . 6 

181 .9 

93 . 3 
58.6 

27.9 

683 . 3 

Total 
l ength of' 
streams 
(km) 

201 

113 . 6875 

58 . 125 

36 . 625 

17 . 4375 

426 . 875 

Average 
length 
of 
stre arne 
(em) 

1 . 985 

4 . 134 

7 . 775 

19.533 

27 . 9 

Average 
length of 
streams 

(km) 

1 . 241, 

21584 

4 . 844 
12.208 

17 . 4375 

Table 4.2: Lengths of streams of different ordeP s in the 

basin (S . P.O.T. Images) . 

Order No~ of Total l engths Average Stream lengt h 
of Streams of Stream s lengths o:f ratio 
Streams (em) streams . .-. .....-.. __ ... .a-_ ... 

1 162 321 . 6 1 . 985 2.08 

2 44 181 . 9 4 . 134 1 .88 

3 12 93.3 7 . 775 2.51 

4 3 58 . 6 19 . 533 1 . 43 

5 1 27';9 27 . 900 

Table 4 . 5: Law of Stre am length or Stream length 

ratio (Satellite Imagery) . 
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Chap ter Fi v~ 

Summary and conclusions 

The sill dy was aimed a t two maj or purposes. 

Firstly, it was to map the Garanga River Basin with 

the aid of S.P.O.T. HRV. xs data and also to analyse 

the morphometric features of the basin. The smdy was 

advised on the fact that the River Basin lies in a 

region where the climate, tropical Hinterland, makes 

the use of water from streams a ne cessity for man. 

The area ho.9- ~~ _annual rainfall of l ess than 1 ,000 

milimetres per annum which comes in l ess than 6 months 

of the year. In the other months of the year there 

are no rains and the region experiences Q. type of 

drought (Me teorologi cal drought) , so the only source of 

water to the region becomes the streams and grcund water. 

From the outlined problems; the study was able to 

achieve the following object ives . Firstly, it used the 

advantages of Remote Sensing to map the hydrologic 

features of the basin. Secondly, it compared the 

hydrologic features visible in Remote Sensing data and 

an ordin ary Topographic map data in terms of tre resul ts 

of morphometr ic analyse s carried out on b oth of tte m. 

Thirdly, i t delineated the flood plain of the basin 

using the spectral reflectance of vege tation in the 

basin. 

. ./72 



r 

-' 

J 

72 

This was possible becaus e vegetation has special 

reflectance capability in the ne ar infra red (N.I.R.) 

portion of the e l ec tromagne t ic spectrum (E.M. S.) 

depenaifi~ 8ft tho ficglth and vigour of the vegetation . 

The he a lth and vi gour of vege tati on depends large ly 

upon the amount of water availab le t o i t for its 

growth . The study used the spec tr a l r efle ctance of 

vege tati on within and outsi de the flood pla in to 

delineate th e flood p l a in. Mor e over, the stu dy used 

both the map derived from Remote Sensing i magery and 

topographic map to an alyse t he m orphome tr ic f ea ture s 

of the basin . The i dea behin d using tlB maps to 

analyse t re morphometr ic fea tur e was to see if it 

would b e po s sible to un derstand tre basin more . 

To carry out the s t udy of print out of the 

Remot e Sen sing data wa s acquired. This print out 

was from S.P.D.T. H.R .V. Xs composite imagery in 

false colour . The idea behind using a compo si te 

image was to a vail us of the advantage s of Ban d 1 

(Green) 9 Band 2 (Red) and Band 3 (Infra red ) portions 

of the E. M. S. in one composite i magery . The print 

out h nd no scale s ) the scale vias ca l cula ted using 

the d istance bet'!,cen two to'}IJI1S in the Topog2:"'aphic map 

and comparing i t with the distance on the So..tallite 

imagery. 
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The calculated scale was 1: 62,500. A Topographic map 

of the area produced in 1957 with aerial photo coverage 

of 1950 and 1956 was used a lso in tre study. A manual 

interpretation approach 'wasused in th e study. Mirror 

Stereoscope wa s used t~ ' enhance ' the , fea'tures , in the 
, //.r . 

im age . 
(. ' I • .' . '. 

It was not p.ossible to obserye the 3 - dimem-- · 

siona l characteristics of normal S.,P.O.T. image became 

the ima.s.-ery is a pr in t out copy and 81 so tl13 re is 

no corresponding copy to complemen tit . A pair, of 

dividers set at, 3 milimetres rang~was used to measure 

. ~,. 

the length of streams. ~ 

The print out from the SoPoO.T. imagery was mounterc 

on a light table and ob served through the Stere oscope . 

The main strenm 9 river Garanga was traced out as well 

as the other streams .in the imagery. The flood pl8.in 

was delineated u sing the spec tral 17egil:ectan ce of 

vegetation. A con tinious flood pl:::.in was delineated 

for parts of River Chalawo in the im age ry. It was 

only possible to attempt a d iscontinious flood plain 

for the l e>wer parts, of tre main stream 9 River Garanga . 

The drainage basin divide wa s demarca ted usi ng 

(ground water divide) . It was not possible to deter -

mine the Topogrc.phic divide which is the highest land 

between two watersheds . 
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Th e inability to use the ste r eo scope f'or 3-dimension al -: 

viewing was the c ause of' our not determining the 

topographic divide. 

The cultural f'e ature s of' the im agery e . g . Roads 

and Settlements, were a lso tra ce d out. These were 

u§ed ag id8ntifieation f ea tures. It was a lso used to 

::,:-....... determine the scale of' the map . 

The streams in the basin were or dered using the 

c tr:ahleX's ,: rnodif'if'ica tion of' Hortons methods. The 

streams were measured us ing the p a ir of' divi ders . 

The a r ea of' the basin was mea sure d wi t h a square 

gr i d pape r in 5 milime tres . The area was f'ound and 

conve rted to square kilome tre s. The streams in the 

Topographic map was ordered using t:re same method . 

The streams were a lso measured using the pair of' 

divi ders. The b a sin W'lS de linea ted using th e mid 

distance between ad j acent wa t ershed as boundery. 

The ge ographical cordinates of' the map was f'ixed 
, 

using .the co~d,inate of' Rano' ,11 037 1N and 08 Q34' E )~' 

As 10 of' l at itude is ~pproximately equal to 111' kilo-

metres , th e 10. ti tudino. l extend of' tln map was deter-

mined . Each l ' of'the latitude was f'ixed at 18.5 

kilometre s f'rom calculati ons. 
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M orphome tr ic analysis o:f tre basin using tre 

Remote Sen sing image ry a n d then the Topogr aphic map, 

was made. 

'J'he ordering of the streams gave the r e sul ts thus . 

The figur e in brackets i s for Topographic map data. 

Too first order stream are 162 (1sQ)s Th e s econd 

order stream a re 44 (39). Th:; third order stre ams are 

12 (10), the fourth order streams a r e 3 (3) a nd fifth 

order stream is 1 (1). 

The bii'urcRtion ratio (l,aw of stream numbers) 

was found t o be on tre 9.verage 3 . 588 (3.52). Th e dra 

dr a inage density which is the total l ength of stre am s 

divided by the arc3. wa s got a s 0.709 kilome tre s of 

channel per kilome tre (0.672 km. of chanc l per kilo

metre ) . The aver age l ongth of 0 verland flow was 

determined. The form r a tio is one of tre parameters 

use d to describe the shape of the basin. It was got 

on 0.24 (0.2 564). The Elonga tion r a t io which compare s 

the basin with a circle of tm same d iame ter as ~ength 

of river Ga rang a (main stream). The calcula t ed Elon

gation ratio was 0 . 55 (0.57). The f orm f a ctor Which 

is the r at io of the a ver age wi dth to till axi a l l eQgth 

of t he bas in was determined . T.i18 axi a l l el}gth · is 

measured fr om the mos t r emo to point of tre basin to 

the outl e t. 
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A low form factor was e s tima t ed at 0.33 (0 . 3532) . 

The result of both s a tellite imagery data analysis 

and Topographic map data analysis was subjected to 

Chi squar e analysis to determine if there is any 

significant di fference between a Topographic map and 

a map derived from s a tellite im agery. The result of 

te~t showed tm t the r e was no d ifference . 

Ground truth verification tours were made to the 

study area to determine if the Remote Sensing image s 

map features were authentic. As more first order 

streams were found in tre map derived from the satellite 

image , those first order stream s not faund in the 

Topographic map were consi der ed f o r the f i e ld control 

visits (for ground truth verif ica tion). Of the 12 such 

first order streams_ five were visited in t e r ms of 

proximity to each othe r, Tr.tI' ee of the f in e streams ha d 

wa ter fl owing in them bu t the r emaining t wo ha d pudtffi.les 

and ponds with no flowing wa t e r. Time of visi tat ion 

wa s Fe"bruary. For the abo ve study c arried out ~ the 

fin dings were shown to have illu strated the points 

below. 

It was possib l e t o use the a ttribute s of Remote 

Sen sing t o map the hydrologic features of an a r ea • 
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The patterns and size s of stream s were he lpful in 

tracing out the streams . In some parts some streams 

we r e obscured bu t tre lin eaments of vege t ati on a long 

the streams were useful in tra cing the m out . The 

number of stream s found in the Topographic map was 

less than those found in the map der ived from Remote 

Sensing im age ry though t.here is wide disparity in 

scale • . :<_V'Iith compute r sppli cat i on 9 c l ear ers mapping 

could oe done . It s11 OWS that Remote Sensing ima g eries 

coul d be used to m 'J.p 811d up da te m 3.p E of pi vet:' b a sins. 

The flood pla in de lineat ion was p os s i ble especiall y 

for the l a r ger chalnwa river~ th~s n continious 

flood p l a in was delinea t ed there . In Ri ver GO-ran g a 

(Main stream of the study b8.s:in ) a c1i scont inious 

flood plain was pc·ssib l e along i t s lower reaches near 

the conflu En c e with Ch alew3. r .ivcr. It showed that 

it was possibl e t o use the proPertie s of Rem ote 

Sen sing in ter ms of spectral re:,:-'lectan ce 0 f vege t a tion 

in the N.I.R . porti on of E.M.R. to dc lill e2,te the 

flood p l a in s of a large b a sin . The de linea ti on of' the 

flood plain is useful in determinin g tlE use of th e 

fadam a . The Imowle dge of the siz0 of the flood plain 

could help pre vent the o vep use 0 ::' t he plei n by farmer s 

and in determining set t l ement l acs. ti on . 
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The basin boundary was determined b y us ing the 

phreat ic water divide . In Q situation where stereos

copic viewing is pos 8ible ~ the topographic divide 

could al so be put into consideration. They could 

give better del ineation of basin b oundaries than 

direct from the topogr aphic map where tre topographic 

where the topographic divide is only put into conside

ration when tr a cing the boundar y of a dra inage basin . 

In the morphometric analysis, it was found that 

the basin is a n ordi nary basin with little geologic or 

climatic control as a result of bifureation ratio 

of 3. 588 (3 . 52) . The stDeam length r a tio also showed 

that second order streams am fourth order streams 

were much l onger th an th e streams of ordEr s preceeding 

them'. Form ratio and e longation ratio showed that the 

ba sin is clo ser to a cycle th 8n a squa re • I t showed 

that i tis c1.o f>er to a cycle i.vi t h a di arne ter, the same 

length as the axi a l length of tre basin . These results 

are useful in describing t he basin charQcter istics 

for other hydrologi cal studies . 

'The low form factor shoVis that tte basin has a 

rapid response to flood ing b e cause it is less likely 

to have an intense rainfall simultanous ly over its 

entire extent than a basin of equal size with longEr 

form factor. 
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It is necessary for River Basin Authorities t o use 

the attributes of Remote Sensing data ' (md-st especially, 
, .... : :-:": #" .:(J. ,. ~ 

the S.P.O.T. because of it l s ste r eo scopic v'iewing) to 

update the maps of thei~8 basins. Lar sson 2nd 
" \ 

,. 

Stromquist (1991) e stirrn ted the " cost of acquiring a 

S.P.O.T . im agery am. fixed it at 0 . 5 US & per' square 

kilometre~ Since the s ame imagery could be used by 

othe r concerns as well, the co st of r ee.ularly acquir ing 

S . P,O.T. data could be showed by different establ ish-

ment s ani used t oge till r . 

This kind of combined usage has its own problems . 

At the cartography dep2rtment of Na ti onal Popu1 8.t ion 

Commission the Chief Cartographer attributed it to 

beaurocratic red tapism. In such a situation, it could 

be necessary to set up a National Geographic Commission 

in form of Geographic Informa tion System (G.I.S.) to 

acqu ire and update the existing Cartogr aphic maps 

while receiving the contribution from the 'es.t-abUshments 

tha t could make use of the maps and da ta . In thi s 

case, a central body will be in charge of this acqui si-

tionanalysis and incorporation of Remote Sensing 

Imagery data into a base or existing maps . The Federal 

Government should be in charge of it with tre univer -

sities contributing in to the think Thank . This wi ll 

help in modernising ttBsurv~y department of ' tlli Federal 
I' ,\. • 

. Mini 'stry of Works wi tliOu t ob sorb ing tlB department and 
> ' 

also help update the maps and da to.. aval i able in tre 

country wi th Ii t tIe COB t. 
, .I 
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