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ABSTRACT 

The analysis focu~ed on 27 fourth-order networks of the 

Aboine basin with a combined magnitude of 1,333 and 

covering an a~ea of 2,123.13 km2. Along the diameter, a 

topological analysis of 4.21 links in 27 sequences trunca-
1.· 

ting between magnitudes 4 and 6 revealed 55.11% trans-

links and 44.89% cis-links. Statistic~l inferences from 

our index of topological elongation - the E-index (E = 

6.52; Sk = 0.67; Kt= 2.7) and the predominance of trans

links over cis-links gave an inqication of tpe typically 

dendritic nature of the Aboine network, free of structural 

central. 

With the 1:50,000 topographical maps, the blue line 

method was complemented with the contour crenulation tech

nique. PCA collapsed 15 morphometric properties to 4 · 

orthogonal componen~s explaining 88.04% of variance in 

data, leaving out 11.96% to miner factors such as non-
~ 

linearity and inherent operator variance. A~ter the appli

cation of varimax rotation, the communality index (h4) 

revealed that N1 , Da, Re and~ are the diagnostic variable~ 

underlying the four components, in order of thei:i::: importance 

•:, !' 
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.. ·· (x) i' ._,. .. 

(and respec~jv~ly). Ni~ the source variable of .the f!rst 

èomponent hc;1.d a: factorj,.al complexi ty .of uni ty, wi_t~ com

ponent one alone explaining as muchas 96.83% out of the 

97. 84% c;1.ccounted for by the. four, comp·onents. The four· 

/ 
components also explained 83.16%, 89.31% and 86.45% pt 

variance in the source variables (Da, Re and !l) for com

ponents two, three and_ four respectively. However, the 

communality index was notably very low for relief-related 

variables (particularly the HI, h~HI = 0.68587) indicating 

that the PCA did not adequately take care of the third 

dimension of :the basin morphology. Accordingly, this 

inadequacy of using essentially two-dimensional morphome

tric techniques for the analysis of three dimensional 

basin solid geometry was further mitigated by hypsometric 

analysis. 

Hypsometric indices (HI= 0.33; EI = 0.67) indicate 

that since after the Tertiary planation, as muchas 

67.00% of the basin solid mass has been rembved by the 

agents of denuda~ion leaving only 33.00%, hence stressing 

the need for conscious human control so as to stabilize 

the Aboine basin slope. 

1 
/. 
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CHAPTER 1 

· INTRODUCTION 

Fluvial geomorphology, the domain of which is the analysis 

of process-form relationships in individual_ channels and 

the entire d.rainage system (Sc;tiunun_, 1977a), has continued 

to remain a viable field in the total system of reiated 
( 

sciences~ Every scientific field has its outst~nding per-

sonalities, leaders of research and i~spirers of students 

(Embleton, 1983) as well as distinctive landmarks tpat 

. guide the practitioners. The articulation of fundamental 

ideas in fluvial geomorphology has led to notable revolu~ 

tions in the di~cipline. The first major theoretical_mile

stone was Horton's (1945) pioneering work on network 

geometry. The i:;econd is in the ï:lre·a of hydraulic geometry 

launched by Léopold and Maddock 1 s (1953) locu, classicusi 

and given further impetus by the work of Schunun and Lichty 

(1,965) • The ab ove two ide as have, for qui te l,ong and 

formid~bly, formed the theoretical underp,tnnings of ex.tant 

drainage basin enquiries. ~owever,. Tuan (1991) fears that 

a theory can be so highly structured that it seems to exist: 

in i ts own right, to be ·almost .• sol id I and. thus, paraêioxi,., : ... _:/. 

c~lly ab1:e to cast a shadç:,w over the- pheno:rµena it · is 'ip:~en-. 

ded to illuminate. This is why it is pec~ssary to·re

evaluate the paraciigmatic setting o.f fluvial geomo:i;-phology 

(particularly in the area of networl( ,geometry) using an 

\ 
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· .. ·.:? 

empirical case. 

1.1 The Problem: 

With respect toits contemporary scope, ·content and purpose,. 

it is a consensµs that geomorphology i~ the scientific · 

study of the type~ ~nd origins of landforms and land-forming 

~rocesses (Small, 1978; Pitty,. 1982; Verstappen, 1983). The 

discipline grades i~J?ersep_t;i.b,ly into relat.e.d fieic:1s suc;h ~s · 

engine~ring, hydrology, geology, geography.an~ soil science., 

Geomorphologisti·are ~ssentially concerned with landforms, 

the materials upon which landforms occ~r, the processes that, 

mould the forms as well_ as the evolution and history of the 

land~cape (Goudie, An~erson, Burt, Lewin, ~ichards, Whalley 

and Worsely, 1981). 

The processes in qµestion are essent~ally exogenet-ic 

( Scheidegger, 19·7 0 L and: n,o;t: only ac:ti vely ç::rea t_e· but con

~tantly modify sur~icial topographie featµre.~. · C_ompetence -

in the analysis of these processes is cl~imed to be 

contingent upon fani.ilia.1::,:i .. ty with the pripcip,les of thermo-
/ 

dynamics, fluid and pl9-stic mechanics·as well ~s hydrolog:y' 

and meteorology. Conseq_uently, Strahler (1950) argued that 

.·since geographers did not conventionally.excel in these 

areas, geographically. tr.ai,ned geo,morphplc;:>gists are }:lëtndi

capped to work in the field of process. 
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It is rqost · probably this ).ine of thought: that spurre.d 

wooldridge (195.8) to assert somewhat authoritativelî th°:t. 

geomorphology is fundamentally concerned with the interpre

tation of forms rat:ti,er than the study of processe.s. · But 

spatial forms, as responses, are much more ·meanin~ful .when · 
/' 

interpreted in the context of the processes that en~endered 

them. Today, ~eomorphology has richly drawn from·modern 

developments in the cognate sciences to enhance its methodo

logy and sharpen its concept~al tools. 

The scientific study of landforms necessitates an 

understanding of the.causativ~ processes. Much light has 

been shedded on the modus operandi of processes, especially 

from the field of physics. There is a general tendency for 

matter. and energy to gravitate towarq.s an ~quilibrium·. 

Since the topog+,:lphic surface. i$ highly irregular and 

energy is not u~iformly q.istributed, th,e ~esultant redis

tribution of energy generates processes that tend ~o 

smoothen topographie irregulari ties_. ·Hepçe, a clear appre
/ 

ciation of the mechanics and properties of matter is funda

mental to the science of landforms. Also, from the relat~d 
1 

field of geology, geomorppologists borrow and greatly 
! 
1 • 

utilize modern strat.:j..grapllical techniques .of dating and re-
1 ' 

i construction to account for palaeo-processes and forms. 
i 

----· .... 
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With tlle aid, of.the compute:i;:- and rarefied mathematicai· 

tech11iques, geomorpI?-ologist's now competentl,î _nqt 'qply ·_x-

ray and account for cu:rrent processes but also siµiulate 

the operation of such processes poth retrospectively 

and introspectiyely. The processes actu.a11r give· dyna~ism 
/' 

to the otherwise static resultant forms. Tpe implicit 

indepth cause-eff~ct analysis is one_ thing that methodolo

gically gives Inodern geomprphology its exploratory iden

tity. Geomorpho~ogists· comprehensively integrate the 

knowleçige ot the past . and present landf orms in o_rder to 

account for-the future trend in l~ndscape development. 

Geomorphic processes_a~e very numerous in kind, var.ied ·· 

in both combination and degree pf ppera1:ion and are signifi.,..._ 

cantly regionally and climatically di(ferentiated. This 

is in cçmsonance with the concepts pf- ,cl~matic geomorpho":"r". 

logy and morphogenetic r
1
egions artic:u,l.ated by many scholars, 

. . ' 

particularly Peltier (,1950), and.popularized by oth~rs 
' 1 ' . 

notably Stoddart (1969) •· Accordingly, it was postulated 
' 1 

that a particulai climat,e is characterized ~y a certain 

combination of proces1e~ which deve_lop a. distinctive assem:- ;' . 

blage of lan_dfo_rms. ~~ch landfor,ms are. qui te distinct from 
/ 

·those developed in otter areas w:i,th diffèrent cLJ.1Ilatic 

conditions. King (1966) pointed out that the té;l,_sk facing 

1 .-----
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geomorphology is to elucidate t,he causative proces,ses 

through an unaerstanding of the result~pt forms.· Based 
. ' . .,, 

on the degree of landform genesis and modification, 

fluvial proc,sses distiQctly emerge as a notable assem

blage of operators ~n tpe numiçl tropics.. These fluv/ial 
(·' 

'processes powered by the kinetic ene.rg:y of streamflow 

operate within parti6µlar confines referre4 to as drainage 

basins. 

A drainage basin is seen here as a geomorphic unit 

which supplies. water ë:tnd se.diments t.o a river channel or 

a set of channels (~eopolg, Wolnian a.nd Miller, 1964; 
' ' 

Ruhe, 1975; Faniran, 1986). '::rhe river has b.een viewed as 

a locus of erosion hyd!odynamically balancing and distri-
\ . . 

buting energr a.nd wo,rk wi thin the dra~nage basin (Curry, 

197 2) • But 1i ttle_··o.o we rea.lize the act1;ia:t. import qf 

channelized running wa:ter ~n "Ghe. form of riv.ers as ë1. major 

agent in the transformation of t~e landscape. A major 
/ 

' ' ' 

,task. for this investi';{ç1tio~ is not · only to !Ji~hligllt but 

to address both the cove,rt [anQ overt dirnen,sions of the 
• 1 

operations 9f channelized s)treamflow~ Also deserving e.x-

ploration is the tra~sformdtion accompli~.neq. by the.se 

operations, linearly a,l.ong \th~ tree-,like network system, 

as well as on the en tire p~a11,imetric dra,inage bas~~ surfac.e. 

'i 

i 

'\ 
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Landscape dissection epgendered by rivers actual],y 

proceeds ine~orably and is highly susceptible to intensi

fication by any external interference. It çould then be 

the compiicating influences .of Variop~ laAd uses that 

have compounded fluvial erpsion espeically in south-/:, 

eastern Nigeria. It is worthwhile to empirically analyse 

the causative factors and thereby explore the possibility 
' ' . . 

of restoring an equilil;)rium to the landscape system. Manx 

riverine land use activities rev.eal a lack of apprecia

tion of the socio-economic benefits of optimal, balanced 

utilization of the nat1,1rg.l la.nd arid water resources. The 

situation can be remedied from a ge·omorphological pers

pective through the ap.plication of basic geomorphol9gical 

principles that introduce stability to the landscape 

system. 

Geomorphological criteria a~e very essentLal for both 

the evaluation and extrapolation of an area's hydrological 

In characteristics .in space and time (Verstapp~, 1983). 

Nigeria, we evidently have many River Bi:isip Develof>ment 

Authorities. However, ironically, pure, :t.nvestigat;ive and 

theoretical .rysearches to yield basic hydromorpholoQ'ical 
i 

details are s,till lacking. E~pirica], dr&inage basin inves
/ 

tigat.ions shquld give rise to basic hydromorpho],ogical -··- .... 

', ' 

/ ,. 

·:. 

\ 

CODESRIA
 - L

IB
RARY



.,.1,, ,, .• ,. ,., 

~: ·-

7 

details that·could guide land uses. There is some sense 

in an assertion that nowaa.'ays, perhaps, man is the most 

important geomorphological factor (Demek, 1973). Man's 

role as an agent in transforming the landscape is 

increasingly being recognized. Accordingly, Park (lî81) ,,. 
observed tnat man's use of drainage basins can trigger 

off changes in processes and accordant adjustments of 

landforms. The knowledge of th~ potency of man's actions 

is·a challenge to human ingenuity to attempt controlling 

landscape development through environmental impact assess

ment and monitoring. 

The drainage basin is a system ana· man's actions 

indirectly through land uses or directly through channeli

zation are practical interruptions in the landscape system. 

A system is seen ai a set of objects together with the 

relationships existing between those objects and their 

attributes iCoffey, 1981). In the absence of interrup

tions, there is an equilibrium between the basin geometry 

/ 
and fluvial mechanisms. This .delicate balance between 

forms and processes results in astate of equilibrium 

defined by Howard (1982) as a single-valued temporally 

invariant functional relationship between the values of 

input variables and the values of output variables in a 

\ 
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geomorphic system. In t~is case, the output variables 

can be represented by fluvial processe~ given impetus and 

sustenance by external factors (such as rainfall and 

human activities). The outputs are t~e responding inter

nal parameters such as basin geome~ry and. channel fo~ms. 

The process-form balance is prone to distortion by hÙman 

interference. Induced process-intensification can 

strongly indicate a lack of appreciation of basic drainage 

basin dynamics. 

A geomorphological enquiry is primarily an attempt to 

provide a rational explanation for a particular phenomenon 

or a combination of phenomena with which some beclouded 

relationships are associated. Such an elucidating activity 

is conventionally eit~er inductive or deductive. Many ·geo

morphological inveEjtigations are empirical, and therefore, 

predominantly inductive in nature. Explanations through 

the deductive method are a priori, fewer and more rigorous. 

Through this · charinel the necessary culminati_on of effort 
1 

f 

is to arrive at an explanation through the construction of 

theories, but it È\hould be noteq that this line of thought 

has not been fully addressed by geomorphologists. This bias 

in emphasis signifies a lacuna corroborated and re-enforced 

by a paucity of theoretical work in geomorphology. There is 

":'.: :.·::/? 

/ 
( 

\ 
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need ·to fill up this gap by.embarking on investigations 

(such·as th~ present onei that will giye rise to basic 

theoretical building-blocks which will serve as a conve~ 

nient stepping stone for the. erection of theories~ 

The hallmark of any science is the quest for theo

ries (that can even cu~minate in laws) with which natural 

phenomena are to be explaine,d within the prevailing 

paradigm. 'rhe foundation for quantitative an_alysis of 

drainage basin parameters was iolidly laid by Horton 

(1945) through the introduction of an ordering system for 

streams and the formulation of some statistical laws to 
•, . ' l 

exp:Lain tqe spatial pattern of stream numbers and lengths 

within the·ordering system. But since the s~gn of viri-

li ty in any nascent and progress.ing discipline is the. 

ref~ning of exist_j.ng conceptual tools, it is not surprising 

that the Horton-opus has undergone a considerable degree of 

modification and reformµlation (Strahler, 1952a; 

Scheidegger, 1965, 1970; Shreve, 1966,· 1974; Woldenberg, 1967; 
. I . 

Gregory, 1976; Javj.s, l977; Smart, 1968, 1~78). 

A crit,tcal examination of .the works of the above 

analysts reveals· a lack of_consensus in their desparate 

attempts to abrogate the Horton-formulation. There is need 

\ 
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to synchronize these con~ending viewpoints. The derivation 

of such a synthesip ran.ks high j,.n the hierarchy of reasons 

that stimulated th,ie; empirical enquiry. The ef f icacy o.f · 

the existing and cçmtending approaches would also. be 

tested by appraising the strength and rig.our of thy under-. . ' . 

lying logic of e~planation •. 

Apparently, there is a proliferat.i°'n of . approaches to 

the analysis of drainage basin,parameters~ The situation 

makes the cho;ice of the most proper paradigm extremely· 

qifficult. A distres,ing state of confusion (an4 even 

crisis) exists as to the exact natur.e of the relationship 

between drainage ba•in indices and plani~etric properties, 

particularly b,etween cirainage qensi ty and drainage area 

(Pethick, 1975; Gaidine~, Gregory and Walling, 1977; 

Ferguson, 1978; Gerrard, 1978; Richards, ·1978). The exis

tence of a crisis can motivate a case stµdy to clarify un

certain relations:l'li:ps and reconcile con.flicting vi~ws. The 

task o! reducing·an_unexpected outcome top logical one is 
. I 

indeed, a challengi,ng 'problema.tic '. If geography is a sciei:ice 

·that describes ~nd e~plains areal differentiation 6f 

phenomena (Harvey, i96~) through t~e se~ting up of an 

internally coherent procedure for rational argument, then 

it is worthwhi:ie to probe the cause of conflict and resolv~ 
-----~ .~. 

\ 
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same with respect to the.amb~guity that surrounds·drainage 
' 

density and q.ra.inage él.rea asso.ciation. 

Intellectual advancement is a continuing pr9cess of 

modification, rejection, addition and, replacement of con..: 

ceptual tools (Wrigley, 196!?}. This implies an upward 
/.' 

gradation,· and clearly shows that there is no finality in 

science. Conceptual developmen'j:s in any scientific disci

pline are a r~fl~ction of the prevailing paradigms. 

Fiolov (1984) d~fined the term 'paradigm' as a totality of 

theoretical and, meth6dological premises defining a concret~ 

;sbaentific study, embodied in scientific practice at a 

given stage. A paradigm summariz_es the scientific achieve-· 

ments that, for a ti~e, provide model problems and solutions 

to a community of pr~ctitioners (Kuhn, 1962). Fluvial geo

morphology has ro<;>sted. under a nv.mber of paradigms and t;.his 

is an interest;i.ng development in s11:ch a,n active field.· Any 

paradigm that leaves l,manswered ~ore than it successfully 

explains, invariably leaves itself open for replacement I . 
(Kuhn, 1962; Anderson and Bur:t, 1981). T.he. ra~e at which 

conceptual toolg are fashioned out, refined, or entirely, , 

discàrded in favour of better alternatives is a good indica-· 

tion of intellectual vigour in th,e q.iscipline. Geomorpho

logy is evolutionary and has witnessed a number of montµnental 

. ' 
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works but in the words of Young (1979), such achievements 

were'sufficiently open-ended as to leave a wide range of 

problems yet to be solved. Knowledge in the discipline 

(as in other related fields), is progressiv~ and cumula

tive rather than definitive. With the advancement o~. 

knowledge and the development of new analytical tools, old 

problems are solved, new vistas illuminated and new 

challenges disclosed. 

~ : ''. . ' • ! 

We may recall th~t Anderson (1957) described area as 

the devil's own variable, and in the same diffident manner, 

Bunge (1966) claimed t~at shape had proved to be an elu

sive geometric characteristic tb capture in an exact quanti

tative fashion. Unfortunately, for over three decades, the 

crippling, defeatist belief in the unfruitfulness of shape 

and areal analyses has almost established.itself as a 

consumate orthodoxy· which rides roughshod over area-related 

investigations. Accordingly, a notable challenge that 

stimulated our work is to appraise fundamentàl areal ideas 

with the aid of mathematical too+s of analysis. 

Geomorphometry is a methodological sub-discipline of· 

geomorphology and is generally viewed as the science which 

treats the geometry of landscapes (Chorley, Malm. and 

Pogorzelski, 1957; Mark, 1975; Evans, 198-1;--·Richards, 1981) ~ 

CODESRIA
 - L

IB
RARY



13 

But geomorphometric param~ters are very many, and diffe

rent analysts have utilized different combinations of 

these parameters. Having as many combinations as there 

are analysts simply betrays a glaring subjectivity

undertone. Bµt a streamlined, rigorous, and pragm}ltic 
(' 

analysis will produce the necessary objectivity and this 

is amenable to empirical demonstration. 

In North Western Devon, Smart (1968) conducted a 

morphometric analy~is using five parameters which are 

the length ratio: (!\.) , area ratio (RA) , as well as 

L1 , Rb 2 and A1 (Appendix A). Previously, in Malaysia, 

Eyles (1966) useq thirtheen parameters. Gardiner (1973) 

made use of fifteen _parameters in England, while Kirkby 

(1976) utilized ten. In Nigeria, Ebisemiju (1979a,· 1979b) 

worked with sevent~en and thirty-seven parameters respeç

tively. Againi Mar6us (1980) conceded t~at six parameters 

sufficed for such an analysis in New Hampshire. This appa

rent proliferation of geomorphometric p7rameters· (possibly 

including some redundant ones) raises a number of questions:, 

Which parameters and how many of them shoulc;i be ·used to / 

adequately characterize a drainage basin? Do environmental 

conditions infl~ence the combination of the relevant 

variables? Does the scale of analysis unduly stress the 
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role of some variables at the expense·of others? In· 

principle, a quest for answers t9 the apove questions as 

we·11 as illumination for the becloudéd and stunning 

issues is a quest for _explanat·ion. Any ~xercise that 
./ 

rationally sets out to explain a provoking 'problematic' 

ii scientific, and therefore, justifies its raison d'etre. 

From the foregoing, it can be inferred that an 

investigation motivated by the need to pragmatically 

demonstrate and test the sµitability and application of 

morphometric techniques is both viable and necessary. The 

empirical and methodo,l.og;i.cal resolution of the motivating 

issues forms the core of our present investigation. The 

'what' (in terms of object or substance investigated) 

should not be over-stressed at the e~pense of the 'how' 

(in terms of methodology). The present work is ·pois~d to 

demonstrate and highlight the under-emphasized complemen

tarity between the methodology of analysis and an appre~ 

ciation of the abjects or issues analysed. !n addition · 

to addressing the ~bove issues in such a way as to yield 

concrete theoretical formulations, some other more. specific 

tasks w~ll also be accomplish~d. 

. ' 
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1.2 Objeétives of the St~dy: 

Exploratory researches have a conventional aim of generally 

advancing the research frontie~s and broadening the scope 

of knowledge in the discipline in question. The testing of. 

existing analytical tools with a view to improving th~ir , 

efficacy is always of fundamental concern. While attëmpt

ing to resolve the motivating issues embedded in Section 

1.1, some more specific tasks were addressed. These are 

i] Utilizing network topological indices to 

appraise topographical transformation in 

a homogeneous drainage basin. 

ii] Isolating sig~ificant relatiortships and 

iqentifying relevant variables that 

account. for the Aboine drainage basin 

morphology. 

iii] Using a three-dimensional analysis.of _the 

basin solid ~eometry to complement a twp

dim~nsional morphometric analysis
1
(with. 

the Aboine basin as an empirical case). 

Accomplishi~g the tasks outlined above necessitated the 

adopting of, and sticking to a rigorous procedure of 

scientific investigation. Hence, it is imperative a.t this 

juncture, to review the conceptual background to our 

investigation. 
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1.3 The 'llleoretical Framework: 

As an organized activity, science searches for facts, 

pursues knowledge through observation and experimentation 

and also makes theoretical deductions that eventually 

lend themselves to empirical verification. Accord~ng to ,. 
(." 

Kuhn (1962), normal science has three main aspects. These 

are: the pursuit of facts, the comparison of factual data 

with predictions, and the articulation of the disciplinary 

matrix by the resolving of ambiguities. Similarly, Howard 

(1982) saw science as the art of pragmatic idealization 

wherein the complex interactions of mass and energy in 

nature are represented by simplified models employing 

verbal, mathematical, mechanical or electrical analogues. 

In principle, the science of geomorphology is characterized. 

by fhe creation and transformation of mass (or forms) by 

the energy and operation of surficial fluids (or processes). 

Generally, scientists metiçulously examine their abjects of 

study, classify them, establish a pattern and, to be able 
I 

to discern and acs:ount for relationships,'they formulate 

theories which -form the basis for laws. The· applicability 

of these laws depends, to a large extent, on the explana

tory powers of the underlying theories. 
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The ultimate aim of science is to propound theories 
. 

capable of illuminating phenomena. Ramsey (1960) viewed 

a theory rhetorically as a langUë;ge for disc"ussing those 

facts which the· theory hopes to explain. In a very 

broad: sense, a theory is a generalized authentic know~ ,. 

ledge which particularly presents an integral picture'of 

reality by outlining relationships (Frolov, 1984). 

Theories are indispensable to ·science in that they systema

tize knowledge (Amedeo and Golledge, 1975). 

A radical transformatiop of the spirit and p~rpose 

of geography logically gave an impetus to theorizing. 'The 

building. of theoretical models was inspired by a genuine 

need to make geography more sci~ntific. Accordiri~ to 

Burton (196~), the rigorous dictates of scientific metpod, 

the need to develop .. and test theory wi th prediction, make 
. . 

mathematics the best available tool in. the proceps of 

theorizing. The formulation of theories is the ultimate 

aim of science, this is irrespective of whether the method 
! 

is inductive (a posteriori) or d~ductive (a priori). It 

is inte.resting to ·note :t·hat the two methods of theo:r;y

formulation are net necessarily mutually exclusive. By 

implication, it is possible to blend and tap the merits of 

.the two in a single investigation and th.ts i~ the philoso

phy that underliei our present approach.--· 
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The pre-occupation of fluvial geomorphologists has 

been to procure an explanati~n (through the use of 

theories) for the interrelationships among drainage basin 

variables. This is why morphometric analysi9 entails a 

great deal of measurement or the assigning of numerical ,.-

values to drainage basin attributes. These attributes 

essentially relate to the t9pological and planimetric 

aspects of the drainage basin. It should be recall~d that 

morphometry as a tech;nique i 9 the measurement and mathema

tical analysis of the copf iguratio_:n of the earth' s surface 

and the shapes p.nd dimensions of its lapdforms (Clarke, 

1966). In the ·provision of a framewo~k for outlining 

available techn,i.ques spe_cif icaJ.ly for drainage ba.sin mor

pp.ometry, Gardiner (19 81) recpgniz.ed ti :ve stages. The~e 

are: network delimitation, sampling, measurement, 

variable definition ana: analysis. Drainage basin morpho

metry is increasingly encompassing all aspects.of the. 

fluvial system (Gardiner and Park, 1978; Gregory, 1981, 

1982, 1983). ! 

In an attempt·to e~tablish ord~r amo11-g an apparently 

chaotic array of network variables, Gravelius (1914) 

· conceived of an embryonic system of stream c·lassification. 

In_ his ordering scheme, the biggest river in the:dratpage 
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basin is automatically assigned the first-order (from the . 
mouth to the source). All the channels tributary to this 

first-order stream are classified as second-order streams 

while the tributaries of the second-order streams fo~m 

the third-order streams, and so on. 
/ 

1· 

This idea was later developed into a considerably 

acceptable model by Horton's (1945) pace-setting work, in 

whose system, individual rivers emerging·from their 

sources are preliminarily and provisionally taken to be 

of the first-order. Two of such streams meet to.form a 

second-order stream which is followed headward through 

the major trunk and assigned second-order up toits 

source. Two provisional second-order streams meet to form 

a third~ord~r stream which is again followed through the 

major trunk and re-~ssigned third-order stream up to the 

source, and the process is continued for other higher 

orders. In other words, the ordering is at first provi-

sional after which there is are-classification. 
! 

The 

highest order stream (third-order, in this example), is 

produced backward br headward through the major trunk to 

the source and given the same ord~r up to the source, and 

the same process is applied. to other subsequent lower 

orders. This system has been severely criticized on the 
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bases that t~e headward re-classification at bifurcations 

is purely subjective; some fingertip stream,s are re

classified and given orders more than one; and finally 

that streams of fairly the same size or magnitude ai;-e not 

assigned the same order. / 

/.' 

As any nascent specialism is often characterized by 

a continuous refinement of analytical topls, Strahler 

(1952a) modified the Horton-opus to the status Of ,a pre

vailing paradigm.. In this system, all the fingertip 

channels terminating in sources are classified as first

order streams and the confluence of two (and only two) 

first-order streams yields a secon~-order stream or link. 

Again, only two seconq-order links are required to form 

a third-order stream, and so on. 

Javis (1976) dame up with a clarificatio~ noting that 

the streams of equal order which are needed to forma 

higher-order stream are called 'order-formative' ~t;eams 

while the other streams of the same or lowe~ order which 

joi~ a higher-order stream without i~cre~sing its order 

are referred to as 'orde~-excess' stream~ •. 

Even though the traditional Strahler-ordering ~ystem 

has. gained the widest cu'rrency, it has been criticized on 

the following grounds: the·ordering system depends entirely 
. ..-:.- -··· 
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on the scale of the map us~d; it is only when two order

formative streams jqin that a higher-order stream is 

formed and tributaries of low-order do not increase the 

order of the mainstream. The fact that the stream·order 

does not increase with_every increas.e in magnitude implies 
. (.' 

a violation of the distributive law. For instance, 

3 = 2 + (1 + 1) ( 1) 

and 

2 . - 1 + (2 + 1) ' ( 2) 

Nevertheless, the ~ydrological-properties change at each, 

junction (Scheidegger, 1965; Shreve, 1966; Woldenberg, 

1967; Smart, 1968) ~ 

These issues that'are held to detract from the S~rahler

system have led t'? .att~mpts at formulating diffe.re~t él;l ter:

natives. Notable among them is Shreve' s (1966, 1967) orde_r..;. 

ing system founded on magnitudes. In this system, fing(;!r.:. , f 

tip channels remain as first-order sireams (as in Strahler's) .• 
I 

Two first-order streams join to forma link of the second-

order, and if a first-o.rder Stream joins q second-order lin)(,· 

the result is a third~order link. This system ~atisfies the. 

distributive law and may appeal to hydrologists, prima 

facie. It is highly topological in considering only the 

---·-·-
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number of links and forks without considering chennel 

geometry and actual volumes of the tributaries. The result

ing magnitude values can give exaggerated impressions of 

discharge when used in comparative analysis without peing 

verified .. 
(.' 

Smart (1968) argued that the ambiguities and iricon.sis-

tencies in extant ordering schemes account for the large 

amount of scatter observed in geomorphic data on drainage 

basins. It was dissatisf action wi th most ordering techniques 

that prompted Smart (1978) to enunciate a general rule 

whereby order u covers a magnitude range of M. in which: 

M = 4u-1 

as follows: 

lst-order, u = 1, 4l•l = 40 = 1, i.e. any 

stream wi~h a magnitude of 1 falls 

under lst-order stream~ 

2nd-order, u = 2, 42- 1 = 41 = 4, i.e. any 

( 3) 

stream whose magnitude ranges betwe,en 
I 

2 and 5 falls under the 2nd-order stream. 

3rd-order, u = 3, 43-l = 42 = 16,· i.e. any 

stream with a magnitude. ranging from 6 

to 21 falls under the 3rd-order class, 

and so on. 
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But this system does not q.E;pa:çt so much fr9m the Strahler

scheme. In trying te> acc~ntuate this new .forniulation, 

smart (1978) warned '.tha~ the widely used $trahler-~iderin~· 

proce.d..u~e wi th ,él ~ortop-a1w~stry I erectl;J an elabor,at.e . . 

:eacade wllich hides th~ mo~e fµnd·a~ental propert.i,es of_· thè 
' (. ' 

network. Gerrard (1978) al,o warned·t~at as long as this 

traditional stream-o:r;ding procedure is pe.i,ng used, results 

arriveq. at are likely to remain inconclusive~ and there

fore equi vocal, · pa,rticuJ,.arly as regards the rel a tio~u;;hip , 

between drainage density and basin area. Apparentlyj he 

(i.e. Gerrp..rd, 1978") was only contrib:uting to the dialec-

tics per ~ rather than proffering a solution by propoun

ding a :new orçle:r;ing sys.tem. Schaefer (1953) noted that a 

methodological discussio~ is essentially dialecti~al in 

that muçh clarificp.tion is to be derived from the mt,1.t,ual 

criticisms of the _contending viewpoints •. 

~ut characteristically, most attempts· at al;>;-ogç1t:i.:pg .. 
. / ·, - . 

' ' 

the Strahler-scheme have not been. exp~essèd/ in. such. ~.· wa_y 

as to secure the appreçi,tion of drainage basin analys~s~. 

This could be becau·se their pro:po,_ed tdeas have proved to ./ 

. be very complicated and e;nshrouded in e~oteric qnd lllYS:ç.i .. fy

ing mathematics as could be atte:Sted to by the w.orkp of Sllrev!:i • 
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(1967), Wolqenberg (1967) ~nd Smart (1978). As a result, 

the Strahler-scheme. has endeared itself to many and hence 

established itàelf as a dominant technique among drainage 

basin analysts. This could be because of its relative· 

simplicity and the fact that it +ends itself to matnemati

cal computations~ .Moreover, as will be seen in ·section 3. 2, 

convenience for sa~pling is a unique, unpaiallelled quality 

that advantageously distinguishes the Strahler-scheme from 

the other ordering systems. 

In addition to enunciating an ordering system, Horton 

(1945) demonstrated the se.arch for, and formulation of 

theories. Accordingly, he came up with two laws of 

drainage composition. The first law of dfainage ç:omposi

tion, otherwise called the law of stream numbers·, s·tat'es 

that the numbers of stream segments of each order form ë!,n 

, inverse geometr ic . sequence wi th :t,he. order numbers. Th.e 

second law, the law of stream lengths, states that the 

average lengths of streams of the diff~ren7 orders .i,n a 

drainage basin: ·tend to closely ëj.ppi;oxirnate a direct geome

tric series wi th the order numberfS ~ A relationship ·betwe~n / .... 

basin area and basin order was él.lso implied.. This :for~s 

the basis for the third law, called the law of basin area, 

which Schumm '(1956) explicitly stated: the mean bas.:in areas 
------- -- - - . 
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drained by streams of each order tend closely t6 approxi~ 

mate a direct geometric sequence with the order numbers. 

The three statistical laws have been widely used as 

theoretical models for exploratory and explanatory drainage 

basin.i~vestigations (Smart~ 1968; Haggett and Charley, 
/· 

1969; Scheidegger, 1970; Knighton, 1984). S~ch·investiga-

tions corne under the traditional Horton-analysis which .is 

regarded as an.attempt to quantitatively describe drainage 

basin composition in t~rms of five parameters, which are; 

the bifurcation ratio, length ratio, area ratio, mean 

length of the first-order streams and the mean area of 

first-order basins. Ebisemiju (1979a) suggeste~ that 

future morphometric analysis of drainage basins shoulQ con-· 

centrate ·on four diagnostic variables which are the total 

drainage density, ,total number of streams, basin relief 

and the average length of first-order streams. 

Sorne drainage b~sin analysts have suggested a total 

dismantling of the Horton-edifice. Smart a~d Werner (1976) 
1 

have attempted demonstrating the e:çfectiveness of a Rand.0111, 

Madel for «;?Xplaining and predicting geomorphic relation

ships. Smart (1978) had noted, in more, general and modern.· 

term~, that drainage composition refers to the topologie 

and geometric prop~rties of channel networks. This is 
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obviously predicated upon Shreve's (1966) assertion that all 

topologically distinct channel networks with a given number. 

of sources are equally likely. It is an ideal against which 

real-world networks are to be compared. Such topologically . . 

random channel rietwork is infinitely large and sub-networks 

of the same magnitude are equinumerous. An individual n~t

work cannot be topologically random (Shreve, 1974). This idea 

of randomly branching networks is an off~shoot of random 

walks in mathematics. ·whe~e variables are normally distribu

ted, it has a very high explanatory and predictive power. 

But geomorphometric variables are generally not normally dis

tributed, and so the various rotations and transformations 

required by the random model do not always prove to be more 

than mere mathematical exercises. Smart (1978) suggested the 

application of a new stream ordering and claims that the 

random model is a statistical standard against whicp natural 

drainage networks should be compared. 

Sayer (1982) has remarked that new approaches or para-
/ 

digms have been proposed almost before the earlier ones have 

been digested. Even· though this situation implies an intel

lectual vigour in such an active and virile field as fluvial 

'geomorphology, nevertheless, the continued adoption of the 

traditional method, despite both the apparent and alleged 
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flaws, calls for a critical re-examination of the original 

Horton-Strahler-formµlation· using empirical data. 

Having appraised drainage basin analysis against the 

backdrop of its parad~gmatic theoreti~al setting, the 

implied conceptual ambiguities and inconsistencies merit 
' ' ' / 

a critical re-examination. This underscores the need'for 

a more precise theory capable of further refinement to a 

level at which it will be sui table to · guide the c_onununity 

of drainage basin analysts. In advancing this quest, the 

Strahler-ord~rinq system will serve as a stepping stone. 

Our choice of this framework was predicated upon its 

amenability a~ a convenient basis for exploratory work. 

As will be seen in Secti.on 3. 2, .the Strahler-system prac ... 

tically supersedes all others on the criterion of conve

nience for sa:rµpling. The nature and operation of draina<iJe. 

basin parameters could have some geological, geomorpholo

gical, hydrologicai and climatological un.derpinnings. · The 

verification· of th!s assertion, following-the tenets of 

~cientific investigation, necessitates a th~rough review. 

of the scope and nature of current drainage basin aqalyti

cal techniques. 

-----·· 
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1.4 Review of·Cognate Literature: 

. 
Geomorphology has been notably making several distinctive 

advances that Dury (1966) remarked that the field is 

viably producing swift ~nd copious results. Brown (1975) · 

observed that physical geogriphy is internally unbala9ced 

bec a use geomorphology plays too dominant a rolè in thé.· 

subject; It was the recognition of this sign of life and 

vigour that prompted the British Geomorphological Research 

Group (BGRG) in 19-76 to give a verdict that geomorphology 

is alivè and well, and ·with -good prospects (Thornes, 1978). 

The growth in any lively discipline can ·be objectively 

assessed by the rate of increqse in the number of workers 

and the output of published work (Embleton, 1983). It is 

important to discèrn the general direction of research, · 

identif.y monumental .~nd speètacular achievements and weigh 

the validity of ·their contribution to science. We must 

' 
admit from the outset, that this task of assessment is a 

very difficult one, more especially in fluvia+ morpho~etry 
. ! 

which is an interface between hydrology and geomorphology. 

It has been observed thél.t interfaces betweel) q.iscipli~es /. 

blossom out from time to time as major fields of develqp-

ment, but it is not uncomm.on for some of the interfaces 

to remain as less formal areas of interq.isciplinél.ry activity, 
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shunned by all except the colonizers of the pioneer 

fringe (Clayton, 197+). The ambiguoµs status of network 

morphometry as a frontier in relation to conceptual pro-. 

gress (or stagnation) can perhaps be best apprecia~ed by 

reviewing the scope of work in diffe+ent areas of. t~e 

world. 

1.4.1 Background to Drainage Basin Studies: 

Horton's (1945) seminal work undoubtedly formed a prime 

stepping stone for drainage basin studies. His legacy not 

only lay in the fact that he procured termino.log,ies through 

his stream classification but also in his daring _attempt 

at taking a major theoretical leap by formulating the 

first and second laws of drainage network composition. 

Schumm (1956) ~ who worked in Perth Amboy, New ~ersey, formu~ 

lated the third law (the laws have already_ l;>een stated in 

.section 1.3). Mariy later works show varying degrees of 

ancestry to Hor~on's original formulation, since i~? accep

tability (or otherwise) formed the basis fof later works. 

1.4.2 Drainage Basin Studies in the US: . 
In the United States of America (precisely at Columbia 

University), Strahler (1952a) refined the Horton~ordering 

system into a formidable pasis for analytical work. Thi~ 

new Strahler-system has dominated the scene for nearly four 
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decades, even though from IBM Watson Research Centre, 
. 

New York, Smart (1968, 1978) made some attempts to dismantle 

the Horton-Str~hler orthodoxy. 

Representing a signific~nt departure from the tradi

tional ordering system, Shreve (1967) recognized magnitudes 
. (. 

in his own stream classification. Also using the 180km2 

Middle Fork of Rockcastle Creek, K~ntucky, he investigated 

the relationship between mainstream lengths and basin areas 

i~ ad~ition to defining and clarifiing the use of many topo

logical indices (Shreve, 1974). 

Still in the US, Leopold et al (1964) carried out a 

Horton-analysis of the Arroyo Caliente basin, a tributary of 

Arroyo de los Frijoles basin in Santa Fe, Mexico, and of the 

Watts Branch, near Rockville in Maryland. They also· tested 

the three laws of drainage composition, which they found were 

obeyed. Later, Leqpold (1978) examined the ctiannel proper-

ties and explained temporal changes in the channe~ geometry 

of ephemeral streams, using the Asunto de A7royo in Santa Fe 

as a case study. In Southern Illinois, Coates (1958), 
. . 

comparing his field map on 1:600 with the United States 

Geological Survey (USGS) map on 1:24,000J observed that, 

genera~ly, first-order streams mapped at the latter scale 
\ 

are actually third-order streams. 
.~--- -· 
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Morisawa (1962) si:udied the Home C,reek in Ohio. 

Her,findings for the Appalachian Plateau·rivers revealed 

that Horton's first law was fairly obeyed. Her data for 

sj,.x of the Appalachian Plateau rive_rs were re-analysed· by 

Scheidegge~ (1968), who confirmed her findings and we;it 
( .. 

further to note that the first law of drainage composition 

is an entirely topological statement, unlike b.oth the 

second and the third laws which are based on assumptions 

of a metric nature. 

The basin characte+istics of the Wabash river, a tribu

tary of the Mississippi, were studied by Ranalli and 
/ 

Schei~.egger (1968). They came up with a c.oding system 
/ . 

thr01J9h which distinguisbing coq,e numbers or letters coulçl 

be asfigned to stream segments and junctions. This classi

ficatory and descriptive system gave a fillip to subsequent 

t
1

opoiogical investigations. While. studying tl1,~ ~ec.ato.nica 

rive( basin (710km2 ) in Iowa, Onesti and Miller !197~) 

ob,sjrved that the geology, structure and varfations· iz;i ·the 

phy~ical characteristics of the streijm basin gr~atlj. 

inf~uenced the interaction of variables in the·fluviâl / 
I 

sys~em. In a work carried out on eight Strahler-thir~-
1 . 

order basins .of the Hubbarà Brook, New Hampshire, Marcus 

(1910; characterized first-order basin mprphological zones 

1 

! 

: .. 
·' 
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into t:he headwater- and channel-way zone::;. After. applyÎng 
. 

the Factor Analytical ?~chnique on six morphological· . 

variables derived from the valley-:-head and channel way, he 

inferred that a basin's bifurcation location influences 

channel way morphology, while valley-head morphology is 
"/ 

more influenced by the position of the divide. / .. 

1.4.3 Drainage Basin Studies in Europe: 

Sorne researchers in the U.S hav~ investigated drainage 

basins in Wester~ Europe. Based at Buffaio, Javis (1972, 

1976a, 1976b, +977) did Il\UCh tq demonst;ra.te h.ow drainage 

network pro.perties wi thin the same order level may Vëp::y 

significantly b~tween distinct geomorpqic regions. ·His 

contrasting areas were the Upper Tweed basin in the Southern 

Uplands of Scotland and the area àround the Heddon qrainage 

basin on the Culm Measures of North Weste:i:-n Devon (England) .• 

Many other morphometric·investigations have been 

carried out in these two regions, particularly by. some 

members of the BGRG (Chorley, 1958; Gardi,ner, Gregory and 

Walling, 1977, 1978; Richards, 1978). Also, Werritty (1972) 

verified the accuracy of stream link Àengths derived from' 

topographical maps in Devon ·and West Somer9et, while Gregory 

(1976) empirically estimat~d drainage basin adjustments 
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induced and accelerated by man in Tonne, Somerset~ The 

multiplicity and intensity of morphometric investigations 

in the British Isles should not be· really seen in terms of 

an over-concentration of studies or res~arch-overkill~ 

This is becau~e the works follow the tenets of scientific . /', 

investigation. Methodologically, the works forma conti

. nuum and the c:umulative effects of continuous r~finement 

of analytical tools give a clear indication of the high 

level of drainage basin enquiries in Britain. 

Though a case can be made for less exciting and un

interesting reading due to a monotonous reference to the 

Heddon, Upper Tweed and their contiguous basins, neverthe

less, the high concentration of works in the region in 

question makes for an adequate coverage of British river 

basins. This is very much unlike the situation in Nigeria 

where no morphometric work has been done in many river 

. basins of which the Aboine basin is a good example. 

Subscribing to · the opinion that most geo;no.rph.ic models 

(whether analytical or deductive) essentially attempt to ex

plain process, Anderson (1973) used fifteen basin parameters 

to build a multiple regression model. He then used this 

· model to explain drainage basin form in Troutbeck Catchment, 

Westmorland, England. The changes in draina~e net over time 

CODESRIA
 - L

IB
RARY



' 

34 

have aiso been explored in the Upper Hodder basin. 

(Lancashire) by Ovenden and 4regory (1980). While.conced

ing that drainage networks vary with map scale, map con

vention and data forma:t (çlata format ·è.omprises maps, air 

photographs·and field survey), they used a series of 
(' 

Ordnance Survey (OS) maps to illustrate network exten-

sions and contractions experienced by Croasdale· Brook 

between 1847 and 1977. They finally stated that map-based 

stream network analy•is should take the date of survey 

into consideration since stream networks are not tempo-

rally invariant. 

Many other empirical r~searches have been carried 

out to refine and advance the methodological status o1 

drainage basin enquiry (Scheidegger, 1968; Gerrard and 

Robinson, 1971; Gardiner, 1973; Gregory and Walling, 197~; 

Schumm, 1977a, 1977b; Gerrard, 1978;.GreÇJory, 1978; 

Hutchinson, 1982; Pitty, 1982; Knighton, 1984). 

In Central Europe (precisely Remania),! an attempt was 

made at formulating a morphometric model for the Ialoi:ni.ta .. . . . 

drainage basin which is a tributary of Danube basin. The 

basin has an area approximately equal to 10,000~m2 , with a 

basin length of 325km and an average basin width of 31km. 
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It wa~ also observed that,the morphometric laws were . 
reasonably obeyed in the sub-basins within the.Ial6mità 

network. Finally, an indication was given that further 

research should attempt assessing th~ exact import,of' 

environmental factors in defining morphometric elements 
/ 

(Zavoianu, 1985). 
(' 

1.4.4 Studies·in South-Eastern Asia ~nd Australia: 

35 

In the Fowle~s Gap and Wollondilly regions of Aust~alia,· 

Abrahams and Campbell (1976) attempted estimating the 

degree of variations among source-links and tributary 

source-links in natural channel networks. They based 

their statistical analysis on the fact that a source-link 

has a magnitude of one, while a tributary source-link has 

a magnitude greater than one. After the application of 

the Chi-SÇJuare COfitingency test, .the Kolmogorov-Smirnov. 

two-sample test, and the Mann-Witney U~test, it w~s 

deduced and concluded that there were relatively more 

short source-links .thari tributary source links. 
I 

In Malaysia, Eyles (19~6) considered Malayan topogra~ 

phical maps (1:63,360) as generally unsuitable for detaileà 

studies of the linear and planimetric aspects of drainage 

basin geometry. Supplementing the topographical maps with 

aerial photographs, he conc~uded that map representation 
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tends to mask· differences in stream lengths, and even 

argued that first-order streams were not represented on 

the Malayan (1:63,360) maps. In another work, it was 

observed that the inadequacy of stream representatiop on 

West Malaysian maps was not just a function of map sc?le,_ 
/.• 

but was also related to land slope (Eyle$, 1971). 

1.4.5 Morphometric Work in Nigeria: 

In Nigeria, only very few morphometric studies have been 

carried out and these covered very extensive areas. An 

example is Wigwe's (1966) exploratory work on drainage 

composition and valley forms in parts of Northern and 

Western Nigeria. Later, in trying to test and.refine some 

ana],.ytical techniques, Faniran (1969) provisionally attemp

ted demonstrating the use of drainage intensity as an 

index of drainage b·asin surf ace geometry. A notable cha

racteristic of the·two works cited above is that, being 

predominantly seminal, they philosophically aimed more at 

opening up a new research frontier rather tqan the testing 

of margins of precision perse. Though such works were 

highly exploratory and provisional, they formed a prime 

stepping stone for subsequent cognate investigations. 
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Also i~ Nigeria, Ebiserniju (1976~, 1976b) observed· 

that an attempt to reduce'overcrowding of the medium- ~nd 

·srnall-scale maps with details has led to an incornplete 

presentation of stream networks. Based on this, he 

argued that strearn network ordering shown in blue lines 

on our topographical maps gives a totally wrong piature 

of the actual strearn networks. Using the 1:50,000 topo

graphical series, he supplemented the blue line networks 

with more channels identified through the contour crenu

lation technique. The resu!ting pattern was verified 

by stereoscopic examination of aerial photographs and 

field survey. His works were carried out on the Udi-Awgu 

Cuesta of South-Eastern Nigeria, covering the Obe, Oji and 

Ozom rivers which are tributaries of the Marou river which, 

in turn, is a tributary of the Anarnbra river (Ebiserniju, 

1976a, 1979a, 1979b). He pointed out the issue of proli

feration of geornorphometric pararneters, but his rationale 

for regarding the total drainage density, total nurnber of 

strearns, basin relief and average length of first-orqer 

streams as the ~nly diagnostic variables rnay not b~ rea.dilr 

accepted, at least without verification in 6ther drainage 

basins, possibly with different environmental settings. 
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In Western Nigeria, drainage develop~ent was inv~sti

gated on the Idari~e Hills fJeje, 1974). It was a popular 

belief that there was an inverse relationsllip between 

relief and texture of dissection in gr~nitic rocks. This 

derives from an~ was populari~ed by Thorp's (1967) study 
/ 

of the Younger Granites of Kudaru Hills (betwe~n Zaria and 

Jos) in Northern Nigeria, from which it was concluded, 

through unquantified evidence, that such a relationship 

existed. But in yet ~ granitiç area in the interfluves of 
{·. 

Owena and Osofu rivers, Jeje (1974) teste~ the correspon~ 

dence of relief with drainage density and stream frequency, 

and statistically inferred that there is n.o clear re+ation

ship between the indices of relief·and those of 

dissection. 

It should be noted that unlike the work of Ovenden and 

Gregory (1980) ~ tempofal analysis of drainage networks has 

not been attempted in Nigeria. This is becaus~ practically, 

we have only one s~ries of 1:50,000 topographical maps. The 
. t 

air-photo-coverages of 1950, 1959, 1961, 1962 and 1963 

(Appendix B) indLvidually covered distinct parts of .the 

country. These disparate coverages cumulatively fornied the 

data format ~or the derivation of our current"l:50,000 

topographical map series which came out in 1965_. If each 

i. 
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of the different cove~ages was nation-wide, then several 

series 9f 1:50,000 maps ·would have been produced. It is 

· only when two or more topographical maps with different 

base years are available that a \norphometric temporal 

1.analysis· can be meaningfully carried out. Such a tempo:ral 
(' 

analysis would normally evaluate the legacy of denuda-

tional agents. Since these agents are relentless in 

operation, resultant changes in topography and drainage 
'~-

will be evident through a comparison (or superimposition 

i~ the case of network) of the distinct ma~s with diffe

rent base years. The 1977 air photographs by Meridian 

Air Maps Limited bnly yielded 1: 1,000 provi.sional map 

series for vegetation studies. But if topographical map 

series on 1;50,000 could be deriyed ftom the 1977 aeriai 

coverage, then thia can be used .in conjunction with the 

1965 series for a temporal analysis. The time separatin9 

the two major air surveys (i.e. those referred to in 

Appendix Bon one hand and tho.se of 1977 on the other) 4,s 
1 ' 

! 
just about two decades. T~is may not be long enough for 

normal topographie and network transformation processes to 

produce significant changes. But.man's increasing roie in 

accentuating geomorphological proceses now validates 
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temporal analysis even over a very short span of time. 

The above review reveals a glaring paucity of drainage 

basin investigations in Nige~ia. Such a situation, charac

terized by insufficient.studies, stresses the need for more 

morphometric analyses of our drainage basins under varied 

geological settings. Also, the above literature unveils a 

dire need to further sharpen basic conceptual and analyti

cal tools. As an interface, a case can be made that net

work mo~phometry has suffered undue neglect from both hydro

logists and geomorphologists. Thus, in terms of life and 

currency through a continuous refinement of conceptual 

tools, this interfacial discipline .is analogous to the 

proverbial goat owned in common that dies of hunger conse-

quent upon mutual neglect. There is need to check the 

accuracy and utility of topographical maps and streamline 

the procedural derivation of analytical indices. 

It is also important to fill up the identified research 

lacunae. Since this work will build upon wh~t has already 

been done, refine and enhance the methodological status~of 

the discipline and possibly open up new vistas, ·it is well

intended, and therefore justified. Accordingly, we have 

chosen an unexplored area within which the necessary 

empirical exercise could be carried out. 
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1.5 The Study Area 

The Aboine river is the largest·right-hand tributary of the 

Cross River. Its confluence with the Cross River is located 

in the ureu east of Afikpo in Abia State and west of Itigidi 

in Cross River State. The Aboine basin comprises all the 
,, 

tributaries and areas that contribute water and fluyial 

materials to the Aboine network. The major branches are the · 

Iyi-Azu-Ake-Eze, Ikwo, Mvuna, Asu, Nyaba, Idodo, Ora, Ashinu, 

Itumu and Akaduru rivers (Figure 1). The Ashinu river takes 

its rise from Benue State, the Ikwo and Iyi-Azu-Ake-Eze rivers 

rise from and drain areas in Enug~ and Abia· States, while 

the other rivers rise from and drain areas in Enugu State. 

Geologically, the area is underlain by a variety of 

sedimentary rocks, including the False-bedded Sandstones, 

the Lower Coal Measures, the Asata-Nkporo Shale Group, the 

Awgu-Ndeaboh Shale Group, the Eze Aku Shale Group and the 

.Asu River Group (Figure 2). However{ no significant flexures 

have been noticed in the entire area with the result that 

drainage basin morphological differences are mainly attri

butable to variations in soil, lithology and geomor~hic 

processes rather than being structurally accounted for. 

Akintola (1982) noted that these sedimentary rocks which 

consist of sandstones and shales also have thin beds of 

limestone and are generally of the Lower Cretaceous age. 
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Orajaka .(1975) .summarize_d t:qe area' s palaeo-geologi9al 

.history, noting that during .the ea~ly part of the ·Turonian 

Stage 1Upper cietaceous period), the area.~xper~enced an ex

tensîve transgression, followed hy tectonic movements that 

gave rise to the Okigwe-Al:)akaliki Anticlinoritim and Afikpo 

Synclinorium (Figure 1). Apparently, _ri vers tributary to. 
/.' 

the' Aboin.e river tr.averse the Okigwe-AbakalikÏ Anticlinor.ium 

while on the otherhand, .the Âfikp~ Synclinorium (having a 

part of the Cross River.Valley). is only marginal·to. our 

study area as i t lies near the o_utlet of the Aboine basin. 

The regression that f~llowed the Turonian tectonism resulted 

in the accre.tion of the g~ological_ formations alre_ady enume

rated above, as well as the laying down of ·marine sediments 

an:d fossils, such .as the :J_imestones at Nkala<lu •. Iritercala

tions and ~ragment~ of nodular {ro~-stqnes and ferrugihized · 

indurat~d shales and sa,ndstones characteri~e the area. 

Akintola ( 198~) cl:ç:1.im~ that in much of S011t~ern Nigeria, .the 

sedimentary rock basins have mostly remain~d relatively un-
. . 

disturbed since their formation, though on the surface, 
. ! ' 

where the sedimentaries were slightly tilted, con.tinued 

fluvial activitiès have carved out prominent scarplands. The 

relative quietude- experienced .by. the area in térms, of tecto:.. 

nism is an indication that there is no strong structural 
1_,· 

control on the drainage evolution of the area and this 
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underscores the sui t.ab.:j.li ty of. the Aboine ne-çwo1;k for an. · 

investigation in drainage pasin morphometry. 
. . . 

The Aboine network i,s· a .classic exàmple of super- . 

. imposed drainage system. The relentless operation of flu

vial denu~ational processes on an ex.:j.sting geological sub

structure accounts for the ~6ncept of super.:.imposition. 

Acculllulations o,f. a vast thickness of ·yo{inger sediments may 

mask ancient structures ·over a long period of· geological 

time. The phenomenon of super-imposition ts evident when 

consequent .streams initiated· on a certain geological· forma

tion vertically corrade thèir cou~ses through ~n unconfor-

" mity and subs~quently encounter an older and substa~tially 

different structure~ A super-imposed drainàge is often 

recogniza.ble from the discordant relationship existing 

between the drainage system and the newly exposed structure 

(Small, 1978; Hutchinsori~ 1982). Vast areas of .the African 

continent burieçi under thièk"sedimentary à.eposits are 

currently beirig stripped~ The rèsultant super-imposed 

drainage systemf? .bear little or rio relation ,to the. st.'ructurE;i 

of the undermass nor the fossil surface. (F.qniran, 1986). 

The rivers in i super~imposed ~ystem are much younger than 

the underlying structure a,nd this.is typical of. the Aboine 

basin. 
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The area·h,as a rëlatively sünple topography comprising 
.. - .. 

the Cross River Piains and'the Nsukka-O~igwe Çuesta. The 

~esistant sandstones in t~e Lower Coal Measures and the - . . ,- ,, . ' 

lower part of the False-t~dded Sandstories formed-the ~scarp-

ment, whose eastern scarp-face has been intensely indented 
•/ 

at · the · he.adwaters .of the numerous deep ri ver val~·eys ~.· · Most 

of the tributaries of t~e Aboine ~iver hav~ their headwat~rs 

on the scarp:...face of the· cuesta and ·cascade down eastwards 

and soutp-eastwards intO.the Cross River Plains' (Figure 1). 

Ofomata (1975) noted that this plain foi;-ms ·a uniform, 
' ' 

sapdy sloping drainage b&sin slightly tilted toward~ the 

south-'·east. Furthermore, the plain is underlain by folded 

argillaceous sedime:qts c;>f t;he lower part of'the Cretaceous 

sequende and tne st~eams flow across the foldeq shales •. 

Th.is discordant relationship between streamflow and. the 

structure · of the undermas·s is traceable to drainage super

imposition. 

Available·~eteorological detailS clearlJ' indicate that 

the area has a humid t.:t:"opical cli!llQ.te. Specifically, Inyang 

(1.975) · identified ~he cli~ate of this are~·as KSppen's Af 1 

type. Distinctiiely, withiri the Af·qlimate, thére is a 

,. minimum of·seasonal variation·in temperature and precipita

tion - both remaihing high throughout t~e year (Ojo, 1977). 
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The mean annual rainfall recorded in.the region r~nges 

between 1, 600mm and 2, 500mm (wi th threè to four dr,y months, 

thE;!driest month having ë;lt leaf?t 29mm of rainfall). The 

copious _rainfall not 6nly sustains a maze of,permanent 

water courses btii also accentuat~s fltivial processes. The . . /' 

. . .. ·, 1~· 

mean monthly temperature ranges between 27°C and 28°C. 

The .area's geol~gical sub-stru6tur~ is acted upon by 

a hot climate characterized by an,abundant rainfall and 

the result is a thoroughly weatheréd, thick veneer of 

regolith. The deep .chemically weathered material forms the 

~asis for the deri~ati6n of the soils o~ the area. 

Pedologically, red and red-yellow ferralsols are cha.rac":':'. 

t~ristiq of the area ~nd the plant caver ra~ges from secon~ 

dary equatorial forests to forest-savanna vegetation. 

Fr~m empirical··observations, E.bisemiju (1_985a, 1987a, 

~987b) warned that diainage basins with a wide ·range· of 

environmental condi tioris. should not be lumP,!â!d .fog~ther .Ln: ' 
' . . . 

studies aimed at highligh.ting the interdepen?ence of mor

phometric attributes. This der.ives from the fact ·that 

homogenei.ty pf physiographic candi tions · is a veri table 

yardstick for validating morphometric ·findings. Eve.p. 
. } . 

though forty-four Strahl~r~fourth-order b~sin~ were identi-

fied, only twenty-seven of them were selected (Figure 3) 
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based·ori the criterion of uniformity in environmental con-
. 

di tiens. As confirmed by Figure 2, ,the twenty-seven basins 

are basically underlain by sha;J..e formations giving· rise to 

a thibk ve~eer.of deeply weathered arenaceous materials. 

with the parent rocks. rarely being exposed. 
/' 

(,' 

The basii:is not only have a common geologiéal depominà.-

tor, but are as well mainl}7 located on the Cross River plains 

adjoining the Nsukkp.-Okigwe Cuesta. Thus, the resulting 

topography is character:ized .by a uniformly distinct fluvial 

system. The surfic:i.al topographie expression of the . stru.c~- . 

fur~l material is 6ontinuou~li transformed-by tluvial 

processes. Channelized and unchanneliz~d overl~nd flows, 

as well as through flows, are t,he :m,ain agents th_at power 

these .topographie modification$. Using the Aboine bas-in as 

an empirical case,_ Section 1. 6 summarizes the structure of 

the.whole.work, while the next chapter (Chapter 2) examines 

how the work was done. 

·1.6 Thèsis Plan: I 

There is no doubt that topological, morphometric and hypso-

metric analyses are a1most synonymous with ext_reme .·labo- · 

riousness, tedium and rigour. The structuring of the thesis 

and the general ;i.anguage of rendition should create an overt· 
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(as well as a covert) impression of the ernpirical rigours 

on which the thesis is based. The present thesis is par

sirnoniously divided into six chapters, and the distinctive 

essence of the work is articulated in the abstract. · 

Chapter One (the Introduction) defines the lo~us of 

the present work in relation to the current paradigrn in 

drainage basin rnorphornetry. The rnotivating problem, the 

objectives, theoretical frarnework, cognate literature as 

well as the geographical area for ernpirical dernonstration 

are all ernbodied in this chapt_er. 

Chapter Two (Methodology) essentially lays the founda

tion for the logic of explanation by illurninating the 

nature and process·of qerivation of the building-blocks 

(data) on which the inferences were ultirnately prernised. 

The chapter is also characterized by strearnlined procedures 

which authenticate the data and so, enhance the validity of ' 

the inferences. 

The third Chapter (Topological Characteristics) concen

trates on the application as well as the testing of the 

efficacy of several topological techniques. The chapter efu

pirically uses these specific techniques to establish the 

dendritic nature of the Aboine basin, hence vindicating its 

choice for a rnorphornetric investigation~_ .. 
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The fo.urth Chapter (Drainage Basin Param~t~rs) centres 

on morphometry with the aid of rarefied· màthematical to9ls 

includin9" multiple correiation and prinôipal component -ana

lysis. The chapter demonstratively .isolat.ed the o.iagnostic 

variaples while simultane9usly sifting and eliminating 

redundant ones. 

Chapter Five (Hypsometric Analysis) attemptp to 
ameliorate an operational inadequacy (the use of two

dimensional techniques to analyse a three~dimehsional figure) 

inferred from Chapter Four~ Acco;rdingly, the _chapter (i.e. 

Chapter tive) represerits a pioneeiing effort ~eadipg·to the 

derivation of.vital hypsometric indices for the Aboine basin. 

Finally, Chapter Six (Conclusicin) recapitulates the 
' . 

essential findings -ç.hat emerged.from the 'work; as well as 

their implicati,oris in relation to further môrphometric work. 

Genera],.ly, an attempt was made to coherently link the 

·chapters and to strike a balance between the use of syntax 

(verbal language) . and geometry (the langua,ge of spati.al 
I 

formsJ. The derivatiç:m of. numerous mathematical syntheses 

(equations) attests to th~ scientific undertone of the work·. 

The bibliography (of 177 .items) signifies an aware,a-·Clf 

· related works while the appendices show the deta·ils of the 

data utilized. 
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Sequel to the quantitative revolution, ·quantification 
.. 

is part of the conventiqnal wisdom in geography (including 
' . ' 

geomorphology), bÜt as to whether a conc~ptual.revolution 
. -~-

has occurred _is ·still open to debate. When ç:oncepts are 

balanced · by techniques, the theore.tical status · of the dis

cipline is enhanced. In order to achi~ve this balance, 

Chapman · (1977) _;recommended th~t entitation should precede 

quanti.fication, arguing that gepgraphy has consistently 

and di_smail.Y f ailed to tackle .:j_ ts enti tation problems. 

Drawihg from recent development in cybèrnetics, he (th~t is 

Chapman, 1977) attempted l)rQviding some.theoryof e~pirical 

enquiry through Geographiè Information System (GIS), wh.ich 

was ftirther explo~~d by Bennett and Charley (1978) to 

demonstrate· t:he extent to which available · and .conceivable 
. ,' 

systems technology can aid the development of an integrated 

· thèory. A notable shift from · logicaL pos.1tivism to phenomeno-
. 1 

1 

logy.((ba.pman,, 1977) underlies much of current geographical 

methodology. 
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Empirical work is planned in such.a way ~s to l;ltrengthen 

th.e l.ogic of explanation, utilize rigorous argumenls, reason'"'.' 

abl~ inferences and internally coherent methods (Uarvey, 

1969). Thif:l·methociological stance c:haracte:r:izes :tnuch of geo-. 

morphological enquiry whi.ch r:uns the full ga~ùt of,,.. investiga-
/ ·, 

tions ianging fio~ fi~ld, laboratory, and office observations 

to theoretical work~ as cumulatively modelled ln Figure 4. It 

is c6nceded, as R!chards (198l) pointed out that operator 

variance in an unwelcome m~nner, creeps into morphometric 

measures through the nature of meas4rement itself and the' 

specification .of measµ.rable featur~s. Howev.er, an attempt 
. . 

was made in· the present work to specify operational defini~ 

tions in order to minimize opefator vaiiance. (as would be 

iubséquently seen !n Sections 2.1 to 2~5). 

2.1 Topographic·Base: 

The preparation of an adequate topographie base for a geomor

phological. survey is necessarily preceded by a reconnqissance 

which is invaluablë for proper planning of 1elevant field work. · 

Such a reconnoi tring survey proviqes the bas·ic information 

necessary for stfeamlining the various phases of the data 

collection procedure·. . Success in inference co~sid~rably 

depends not only on the method of analysis but'more importantly 
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on the nature and qualiiy pf data,generated. To en~ure the 

ge,neration of the right type of data, the process of data 

collecti6n should'be properly spelt 6~t and followed syste

matically. Bence the need for plinning pri?r to the actual 

'field work cannot be over-emphasized. 

For very sma.11 study areas, Verstappen (1970). :t:'.ecommen

qed that the field work should be preceded by an aerial 

photosurvey and complemented by,laboratory· (and office) 

observations. Sinde our study area.is fairly extensive 

. ( 2, 12~kml) ~ the use of ae:rial phot_ographs was' not considerec:l 
' . . ' . . 

feasiple. A+ternc;:1.tively., ad:ministrative/thematicmaps with 

some · hydrographical. details . (Appendix C) ·were utilized in. · 

conjunciiion with reconnoitring surveys to yield a fair topo

graphical elucidation which serv~d as foundation foi the 

main- survey~. Thé main task was to extract the various data. 

types in relatiori.to the specific objectives already stated 

in Section 1.2 

2.2 Data Types 
/ 

As an investigation in dynamic flu.vial gèomorphology, the 

present work is · pre-ocèupied with the ànalyses .of p.:çocesses 

as well. as changes in drainage basin +orms. Ther~ is a two

way .relatioriship between form and process. Çertain.~trqctural 
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and surface g~om~tric properties of forms faveur the opera

tion of patticular processe~~ ·On·the other hand, the. 

operation of the ~rocesses leads to the modific~tion of the 

original forms and the. creation of new ones. Within.the 

drain~ge basin côntext, rivers. are visualized as the ~ost 
/· 

potent locus of surficial modification. Movements stich as 

slumping, rot~tional slipping, mudflow, soil c~eep and 

various forms of catenary activit~es do not compare in 

potency with fluvial processes powered by the. rivers. These 

rivers form the objecits of our investigation, together with 

the area they·drain and the material on whicp. they flow. 

Topological data were primarily derived from the .river 

networks, while planimetric details were obtained from the 

basi~ area bounded by con~ours of inter~st (as woul~ be ·seen 

later in Sections 4 •. 1. and .5. 2). The material over which the' 

rivers flow forms the lithology_, and geomorphometriè details 

of the landscape were·derived through the analysis of the 

relief. By nature, topological ari.d planimetr,ic details are ! . 
typically lineal and areal. respectively. Geomorphometric 

details (with partl6ular ref~rence to relief) are si~nifi

cantly volrim~tric. The data types, of necessity, had to 

-determine .the sources from which the data could 1:;>e·generated. 
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2.3 Data Sources~ 

The emp,irical nature of much of geoniorpholo.gical enquiry 

u.nder_scores the r.igour of data· collection and a-naly'ses so .. 

as to vaiidate the inferences µltima~ely arrived at. ·· A 

large mass of data can be extracted fro~ secondary 
/ 

. ( 

sources such as lite.rature'. inaps and t,heoretical models. 

However, se~ondary' data could be given ~ore validity when 

butressed with data from primary sources s.uch as laboratory, 

experiments, simulation and· direct field observatiori. 

Retrospectively, · the .. brançhes. of geomorphological imi.esti

gations were schematized in Figure '1. Beth.field and 

laboratory observations yieléf primary data, while office 

observations yield secondary data and data from bqth 

sources ·can form the adjunct for: t:.heoretical work. Soµie,· 

investigations such as the monitoring.of erosion, are 

primarily field-based,· while others such às th.e simulation 

of geom6rpholcigi6al processes, pr the .analy~is·of geo

chemical properties of so:i,.+ ,samples, , are primarily labora-
. . / :• 

tory-based. But·dra,inage basin morphometry (which is our 

main concern in.this work) is conventionally and predomi

nantly off i_ce-based. Therefore, mapà consti tuted the most. ,. 

dominant data: .source for this work whiie' the resulting· 

data, had to be ~orroborated with fie+d work. 

.[ 't. • 
',, ,., 
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Geological and topographical bases were established 

with the aid of the maps listed in A~pendic~s D and E. 

The Nigerian 1:250,000 geological series (Enugu Sheet 72, 
' ' 

Ogoja Sheet. 73, Urnuahia Sheet 79, and Oban Hill Sheet 80) 

were used to deterrnine ·the details o.f the g!ë!ologica;L. sub-:-
(.'• 

structure of .the study·area. Thirteen 1:50,000 topogra-
. ' 

phic~l sheets forrned the major source for the,extractipn 

of drainage networks. The reliability of ihese rnaps (both' 

geological and topog;aphical) in ferros of their dates of 

c.0rnpilation and air-photo sources can also be inferred 

from Appendices F and~, respectively. 'I'he air surveys 

which started in 1943 and ended in'l.954 were specifically 

for geological purposes. The resulting geological.rnap· 

series on 1:250,000 is therefore the rnost detailèd 

nation-wide geolog_fcal coverage on the largest available 

scale. As geology is virtuijlly constant, the currency of 

'this definitive rnap series is obViously not ~n .doubt. 

The only available, largest in terrns of scale,. and 
' . . . ! 

.rnost up-to-date topographical'rnap series in Nigeria is on 

a scale of 1:50,dOO. Quite unlike geology, th~ topbgraphy 

is more dyriarnic and susèeptible to changé by ~gents of 

denudation. Since the ajr-surveys, were carried·out 

between 1950 and 1963, sorne topographical modifications 
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(however ~mal·l) must. have occurred to date. However, the 
. . 

operating processes ·have not been notic~ably accerituaied 

and.so· the cumulative landscape modification might not be 

very significani~ ··~his.does not in any case under~rate 

the need for anot~er series of topographical maps 09 the 
. /·· 

same · scale to. highlight any temporal change . in ·.the topo-

graphy. The mapping of veget~tion resources was ~articu

larly the target of the 1977 aeiial photo~coverage of the 

country by the Merj,.dian Air.Maps Limited of Ottawa; 

Canad~. It yielded a provisional vegetaiibnal map series 

on 1:1,000,which only serves as an-adjunèt to the vegeta

tion and land use map series on 1:250,000 and i~ unsuitable ~ 

for morphometric work. The obvibus limitation of popr 

network resolution at 1:50.,000 was ~ade up by tecours~ to 

field verification and the çontour·crenulation technique 

(Morisawa, 1957; Ebisemijq, 1976b) as demonstratèd in 

'section 2.4. 

2.4 Extréction of Datat 

Stati~tical inferences are usually premi~ed ori the ânalises 

of data. ~he data compris~ the _basic information units 

available to the researcher. Since the researcher's final 

output should·be coher~ntly and logically synthesized, the 
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fundamental units must equally be precise and systematic. 

The quest for data for our present investigation was. 

designed in consonance with the above procedural require~ 

ments. This underscores the scieritific undertone of our 

data extraction-techniques. Standard ·methods were 
/,' 

strictly followed during thè appraisal of the various 

geom·orphometric pr,operties. . Using the· metric. sy,stem, 

nu:rnerical· values wereconsistently assigned to the rele

vant identified attributes. ~he resulting quantitative 

characterization is consistent with the philos6phy of 

current -morphometric ~ethodology. 

Morphometric analy~is in relation to drainage net

work requires a clear stream classification system and, 

for obvious_advantages ~lready examined in Section 1.3 
' ' ' 

above, Strahler '· s . ( 1952a) system was preferred. It has 

been ob~erved that ~he most difficult problem i~ to 

establish and compute th.e.number and.lengths of first-order 

streams (Bauer, 1980; Zavoianu, 19.85). This pfoblem 

obviously derives from the scale of topographical maps used 

for network extraction. Morphometric analyses have always 

been carried out using medium-.scale maps,~JGhan~·,:.:. :1:6·-2:)50·0; 

M~laysia - 1:63,360; Nigeria - 1:50,00-0; Sierra Leone -

1:62,500). However, investigators in.the United States of 
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America (using the USGS - 1:24,000) and UnitedKingdom 

(using the O.S. - 1:25,000) stand at an advantage in that 

they use topographical maps that are comparatively on 

larger scales. This is because the smaller the sc~le of 

topographical maps used, the less the degree of dr~tnage 

network resolution and vice versa. A number of ana'Îysts. 

have verified the accuracy of stream networks inferred 

frorn topographical- rnaps and the observation is that maps 

with scales larger than 1:25,000 appear more suitable 

(Haggett and Chorley, 1969; Eyles, 1973, 1974). Drainage 

basin morphometry is much older and fairly well

established in the Western Countries due primarily to the 

significant irnpetus provided by their sophisticated mapp

ing technology. In the Third World Countries, backwa~d

ness in technology proves to be a major constraint with 

respect to the ·provision of maps needed for morphornetric 

· work. 

Furthermore, sorne degree of cornplicati,on is introduced 
! 

by operator variance on the part of the cartographers who 

compiled the exi~ting topographical maps. Much subjectivity 

underlies channel extraction especially at the strearn 

sources. These inherent shortcomings are unavoidably 
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·embedded in most medium pcale topographical.maps. Such 

shortcomin'gs ought to be investigated if subsequent in.:.. 

formation derived frbm the original maps is not to be 

erroneous. and misleading. 

In this work, the blue line method wàs f~rst/adopted 

with the aid of th.e 1:50,000 topographical maps· pi;:oduced 

by the Federal Surveys, ·Lagos. At this stage, the use of· 
the blue lines ha~ to be PFOVisional since the limitation 

of p.oor network ~esolution was still to be .rern~died with 

a complernentary technique. Our study area has perennial 

strearn chanriels as opposed to arid areas w~th intermittent 

streams. This .implies. that the drainage .network would 

re~olve on aerial photographs irréspectiv~ oi the season 

when the aerial coverage was carried out. (Appendix B) • The 

blue lines of topographical maps are based on the networks 

that resolved on the·aeria,l photographs. ~o sorne extent, 

the blue line methQd issuitable but the obvious q.rawbacks 

merit a serious conslderatio~~ Base~ pn iield verification,: 
I 

' ' 

a consensus arnong drainage basin analysts rariging fro~ 

Coates (1958) to Zav.oianu (1985) s.hows that first...:.order 

.strearns are.prédominantly not represented ori mediurn-,-scale 

topographical :maps •. Consequently, the blue line. rnethod wa~ 

supplemented with the contour~cre~ulation technique. This 
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is applied where a contour crenulation forms an_ancale not 

.exceeding _120° in at least two consecutiv:e contours~· The 

contour-çrenulation technique was greatly utilized in 

t~is work to derive the line~r extent .of t~e draina~e net~ 

work. The operatiopal basis is to ameliorate the short-· 

comings of the blue line method already referred to. 
,.. 

Thus, with these twocomplementary techniques, the 

netowrk . extent .:j..s félirly we·11-established. . All liriear 

measures were carried out.with the use of an·o~isometer. 

The pattern of _contours guidèd the delimitation cif the 

various basins and· inter-:basins. The· ar.eal measurements 

were made ~sing.squa~ed (lcm 2 ) .transparent overl~ys and 

each square covers an area of·0.25km 2 on the ground 

(Appendix ·G). 

Based on homogeneous physiography, 27 fourth-order 

basins developed op .the c·ross . River Plains were studied 

(Figure 3, Appendix H). More.than 95%. of the fourth-orqer 

basins which meet this criterion ·in the Aboi~e .network 

were prac'tically coverèd., T:t:ie only exception 1~as the 

area drained · by th·e. headwaters of the Ikwo river in th.e 

Okigwe/Umuahia area. As we founà. out from the Federa.:L 

Ministry of Works ~nd Tra~sport, Surveys Divi~ion, L~gos; 

'. 

CODESRIA
 - L

IB
RARY



1~ 

I. 

this area is prpbably-the only area in Nigeria that is 

surpiisingly .not cov~red by i&e lt50~000 topographical 

series. This fa~t-corroborates an earlier ob~~rv~tion 

in which it was noted that (by·l~82): ' . '' ,, . 

·
11 1:50,000 sheets have been published 
or are in advanced state of prepara..;
tion for ·all of Nigeria save the Aba
Ow~rri area (Nos j12.and 321) which· 
is available at l:i00,000 11 [Barbour, 
1982, p. 10). . 

(" 

We ·decideq not to · carry out any- analysis. of ·the Ikwo head

waters even. on the available ~cale of 1~100,000. This is 

predicated pn an understanding that ~orphometric analysis 

at such a small scale will only,,exaggerate the I error term• 

in relation to network extraction. Qur operational design 

was engendered a priori by a strong conviction that mor..;

phometri~ relationships are capable of extrapolation in· 

terms of scale. 

~arge masses of topological arid morphom~tric data 

were generated. The topological details are treate4_in. 

Chapter 3, the hYpsometric data are mainly aqalyse~ in. 
. . . ' . ' - . 

Chapter 5 while the enti.re morphometric data that form:- the 

basis for Chapter·4, areprese11ted in Appendix I. For a 

prima facie interpretatio:r:i,. the figures in .Ap.pendix I 

(for each of the 27 basins) are the respect.i,.ve values·of 

---~ ... 
'• 
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the variables (from 1 to 15), and the units of their. 

measurements are also as contained in Appendix A. For 

example, for basin number 01, the first variable is 

N1 = 33.00; the second variable is L.L1 = 55.50km; the 

third variable is A = 1.28km2 
1 

variable is HI= 0.203. 

the fifteenth / 

65 

The choice of these fifteen variables was necessarily 

predicated by the need to avoid unnecessary duplication 

and redundancy in the isolation and combination of 

variables. Relevant areal, lineal and relief variables, 

that have frequently featured in morphometric analysis 

were consciously utilized in the present investigation. 

With the use of appropriate statistical techniques, the 

data generated had to be analysed in consonance with the 

objectives of the study. 

2~5 Data Analysis: 

Leopold et al (1964) summarized the feelings of professional 
I 

geomorphologists about numbers, graphs and formulae as 

rangihg from acceptance and enthusiasm to bewilderment and 

forthright hostility. It is argued that in some cases, 

numerical descriptions can give misleading ·and erroneous 

impressions of erudition. This could derive from the fact 
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that quantitative techniques are;. most pr:obably, the 

sharpest toolJ of ana}yse~ with a cofollarj of causing 

the greatest harm if wr()rigly applied~ 

66 

However, quantification has.come·to stay, havihg 

established · itself as part, of. our · convent.ional thoug~.t. 

This is why Burton (1963) concludeq that margj,nal returns 
1 ' • - • 

for arguing in faveur of g~antificatton have virtually 

become nil. ·With the current data explosion facing ·our 

discipline, quantitative techniques have proved ·very use

ful in yielding th~ d~sir~d ~ynthesis., This advantag~ 

has be·en acce~tuqted by the. advent of .modern ·electronic 

computers, leadirtg to a widespread use of package 

programmes. 

Since a bàndwagon use would always lead to flagrant. 

abuses, H~ggetf (1969) warned that fhe use. of package pro-

1grammes wi tllout a proper · appr~ciation of. th~ . underlying 

assumptions · and l.imitations. can lead to th_e transfo,rmation 

of one compl~x.é.nd puzziing mass of data tn;to another 

complex. and puzzling lll,ass of ·dat.a. This re-echo.es 

Hagerstrand's (1967) assertion that actually the computer· 

is ·a friendly animal. This is so because the computer 

readily accepts any set of information (data), manipuiates 
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it and displays the resu_lt ~n whatever way the user 

specifies. Thus, the manipulation is done irrespective 

of both the nature of data and the underlying assumptions 

of the statistical technique employed. However, in t~is 

work, the operational requirements of the individual 

statistical techniques were carefully examined to ensure 

strict compliance, with the aid of the computer. 

A major aspect of the work involved the generation of 

data for fifteen variables (see list of variables, 

Appendix A) for each of the twenty-seven fourth-order 

basins. The resulting _15 x 27 raw data matrix (see 

Appendix I) necessitated the choice of appropriate multi

variate statistical techniques. Factorial analysis was 

considered appropriate. This primarily derives ,from the 

exploratory and analytical nature of this work as well as 

the need to cope wit;h the mul tiplici ty of variables. The 

basic concepts and operational procedures of factorial 

analysis have been demonstrated in literatur~ (Gould, 1967; 

Kim, 1975; Elffers, 1980; Johnston, 1980). 

Factorial analysis is distinctive in its data-reduction 

capability. It highlights the underlying pattern of relation

ships through the ~se fo a smaller set of factors as source 
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variables to account for the observed relationship, in the . 
data. This type of analysis is useful _in terms of explor-

ing and detecting thé pattern of variables. It proves 

useful for the testing a#d confiimation (otherwise, _refu-
. . . 

tation) of the hypothetical structure. It has also formed 

the basis fOr'the de.:i;-ivation of·new indices and possÏhly, 

new variables that can be used in further a11alysis. 
' '· 

Factorial analysis actually subsumes many alternative 

procedbres. The need to tedub~ A large mass of data and 

explore the underlying di~ensions necessitated the use of 

Principal Components Analysip (PCA, Appendix J.) • In 
• ',. 1 

drainage basin morphometry, impressive results.have been· 
. . ' 

recorded from the app1ication of. i?CA by_ .Mather and 

Doornkamp (1970) and Ebisemiju (1979a, 1979h). In the pre

paration of a corre~ë;ltion matr,ix through the principal 
. ·. 

axis IUethod, the computer carried. out the-type of factor 

analysis based on correlations among the 15 variables. The 
,· 

resulting multiple ·correlation matrix. (~5 x 15) had.unity 
. . . ! 

along the diagonal, and this is procedurally normal~ ·while 
. . 

extracting the ini:t,i.al factors thr.ough data-reà.uction, · a 

new set of variables were,defined as·an exact mathematical · 
' ' . ', 

· transformation of the origi:nal dàta.· The factors/components 
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were finally orthogonally rotated to a terminal solution. 

The rotation was accomplished through the Varimax method 

which maximized the variance of squared values of loadings 

in each component. Finally, the operation produced a 

simplified but theoretically meaningful pattern of 

components. 

Factorial analysis yielded the basic morphometric 

indices for explaining the drainage basin surface geometry 

of the study area. The analysis was strengthened by 

hypsometric analysis (see Chapter 5). The hypsometric 

and morphometric parameters complemented the topological 

analysis of Chapter 3. 
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CHAPTER 3 

TOPOLOGICAL CHARACTERISTICS 

Cole and King (19~8) noted that drainage pattern is one of 

the most conspicuous patterns on the topographie surface~ 

The ·organization of ,,the. stream networks can be analysed in 

a number of different ways~ The present chapter céntres on 
,'.·' 

less-quantitative. aspects· of stream network analyses which 

are topological in nature. Highly, quantitative methods 

invoiving rarefiéd mathematiès would be treated in Chapter 

.4 •. 

3.1 The Concept of;Tbpology~· 

In a conceptual definition, Harvey (1969) stated that topo

logy is a qua·litàtive form of g·eometry and that it is 

primarily concern~d with {he continuous connecte4n~ss 

between the points of a figure. ~eing very basi7 to geo-. 

metry, topology PfOVides a vèry s.imple linear and nùmerical 

percep~ual concept of space from which other higher and 
. . 

more rarefied g_e,ometric prope.rt.ies can be derived. · 

! 
·sinc·e links are very basic .to our anàlysis, it is 

important to · summarize their operationa1· def îni tiens and 

other tèrminologies invoi~ed in this work. Sources are 

the farthest upstream points in a network and a fork refers 

to the confluence of two chahhels~ Any length of dhannel 
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without an intéi~ening fork is dalled a link. More c6m

_prehensively, a link s:i.mply defines the chan,nel length 

stretching from a source to the first fork or in-between 

two consecutive forks · or between the last fork and . ·the 

channel' outlet~ When a. link terminate.s in ·the ·upstream · 
/ 

end in.a.source, it is called· ari exterior link, and when 

it terminates in the upstream.~nd in a fork, an 

interior link results. When two consecutive tr.ibutaries 

at· the upstre.â.m and downstream .. ends enter the ma.in· ché:l,n

nel from the s~me side, the.link formed on the main 

channél is known as a cis-link and conversely, i~ t~ey 

ent~r from opposite sides, a trans-link is forcied. ~he 

basi6 terms introduced above are ·further illustrated in 

Figure 5. 

In any network, · the maxi.mum number of links from a 

s6urce to the outlet is termed· th~ diam~ter (d) ·whic~ is 

a topological mainstréa:m. length index. The number of ex-: 

terior · links in· a network is equal to th.e magnitude · (M) 
;, 

I . 
of the network (when t4e'.exteriot links are assigned a 

magnitude value of one). The magnitude of a nei;:wo.rk i.s 

equal to the numbe.r. of sources ultimately tributary · to it. 

An empirical relation exists in.which a dendritic·n~twork 
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with magnitude, M (i. e. having M sources or exterior links) 
. . 

must have M-1 interior links and 2M-1 total links (Shreve, 

1966, 1967, 1969; James and Krumbein,1969; Mock, 1971; Smart and 

Wallis, 1971; Ferguson, 1980; Flint, 1980; Javis and Sham, 

1981). 

3.2 Stream Ordering: 

, 
r.· 

Many stream ordering systems have been proposed and applied 

in drainage basin studies. In addition to reviewing these 

systems and their unique properties (Table 1), Gardiner 

(1981) noted that sarnples for morphological studies can be 

conveniently taken using the Strahler (1952a), Shreve (1967) 

and Smart (1978) systems; topological investigations can be 

carried out using the Shreve (1967), Scheidegger (1965), 

Woldenberg (1967) and Smart (1978) systems, while the systern 

developed by Gregory and Walling (1973) is most appropri1te 

for process investtgations. 

In our investigation, the Strahler (1952a) system was 

used as the basis for identifying the drainage basins. Table 

2 shows the result of this ordering. In ~rder to draw some 

statistical inferences from the data, the nurnber of stream 

segments (N) was regressed upon stream order. (u} and the 

result is graphically presented in Figure 6. · The inverse 
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TABLE 2, A Summary of stream numbers in the Apoine 
network following the Strahler (1952a) 
ordering system 

Basin Stream Orders 
S/No 4th-Order 3rd-Order 2nd-Order lst-Order 

1 1 2 9 33 

2 1 4 17 62 
/ 

I' 

3 1 3 14 58 

4 1 3 18 64 

5 1 3· 14 46 

6 1 8 36 150 

7 1 2 11 43 

8 1 4 14 58 
9 1 3 12 44 

10 1 5 23 82 

11 1 2 8 24 

12 1 3 9 35 
13 1 2 5 18 
14 1 6 26 110 
15 1 2 •' 5 17 
16 1 2 6 27 
17 1 3 9 36 
18 1 2 6 16 
19 1 2 5 25 
20 1 2 10 

I 
39 

21 1 4 19 67 
22 1 3 13 51 
23 1 4 27 106 
24 1 2 15 46 
25 1 2 7 34 
26 1 2 9 24 
27 1 2 7 18 

Total 27 82 354 1333 

·75 
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relationship (r = -0.897r found to exist between stream 

number and stream order shows that the first law of drain

age composition is obeyed by the sub-basins of the Aboine 

network. That the law was obeyed is not of much interest 

per ~ when compared with the fact that our observation is 

in agreement with findings arrived at elsewhere (Mprisawa, 
, 

1962; Leopold et al, 1964; Knighton, 1984). Subsequently, 

our topological analyses followed Shreve's (1967) magnitude

based system. 

3.3 Models for Topological Work: 

Approaches to topological network analysis have recently 

proliferated. Quite spiritedly, it has been claimed that 

a 

"faithful application of the Horton
Strahler stream ordering approach has 
singularly failed to resolve issues, 
owing to the low and variable informa
tion content of network order 
specification". 
( J a Vis· 1 l 9 7 6 b I p • 1 2 2 4 ) 

At one end, some purely probabilistic models have been , 

advanced with random walks theory as thei,r mathematical 

basis. For instince,- Shreve (1966, 1974) argued that net

work topology evolves at random in the absence of climatic, 

structural and topographie constraints. This formed the 

basis for Topologically Distinct Channel Networks (TDCNs) 

each of which is equally probable in the absence of 
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constraints. The nu~er·of TDCNs of any magnitude according 

to Shreve (1966) is: 

N(M) = 
1 

.2M-l ( 
(2M-1) 1 ) 

}'11 (M-i)I 
. . . . 

where N is the number of TDCNs 

. and M · is the magni tud~. . 

(4) 

For e:X:ample, ·. a magnitÙde 9 networ~ hà.s approximately 1430 

TDCN~. Two networks are said to be topologically indentical 

if one of them.ca:n be made congruent to the other simply by 

continuously deform.:j.:ng th.e li,nks wi, thout removing them from 

the plane (Shreve, 19~6; iirkby, 1976). TDCNs~ in c6ntra

distinction to topologically identical· ones, are 'those. whose 

map projections cannot be deformed continuously in t~e plane 

of projection so-as to become congruent (Shreve, 1974). 

The ·random :moçlel relies on Feller' s (1957) random walks 
' . ' . 

~ . . . . . . 

theory of 'first r~turn~', and its greatest obstacle to the 

attainment .of a wide currency. is thé fact that it. has over

drawn from its .association with the theoriei,; of groups anq 
1 

complex.variables as well à.s the algebra of èomplex.numbers. 
. . ' . . . . . 

The result has been that after the various transformations, 1 

transpositions a~d rot~tions operationally r~quired, the 

mystifying model only yields a mystifying result o/hich proves 
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1 •' 

more of a ma,t~ematical exerc.ise, al~ost adding nothing 

new -t'o; existing knowledge.. The challenge is for. tqe . . 

-7 9 

formulators of such hig}:lly theoretical concepts to trans

late them to the level of practical applïcation. Research 

endeav6urs should no~ jus~yield ~ure intellectual i~eas 
/· 

but the ideas should be meaningfully reducible to pr~cti-

cality in the sense that the associated theoretical super

structure ·should be rooted in practical reality~ The how 

of an investigation shoµld .be complemented by the why, and 

neither the .techniques n6r the corinotations of the results 

should receive lop-sided emphasis. This recalls an earlier 

indictment of the qµantifiers for being more interested in the 

language of their communication than the substance l;>eing 

communicated (Olsson, 1975). 

It has been ar.gued that the St:tahler-ordering system 

is conceptually too broad and simplistic and that, on the 

other hand~ the random model is t'oo detaîled and comp:I.ica-

t.ed. The greatest impediment to the random ·model at the 
. . ! . 

empiric,;:ll level, however, seems to be the si.ze of data 

.necessitated by sÙch an analysis. Accordingly, it was ·noted/ 

that 

"a major difficulty with the topologi
cally random mbdel-is that the sample 
size neces~ary for direct·statistical · 
analysis is. prohibitive for all exçept 
the smallest networks~. ·· · 
(Mock, 197 l, p. 1558) • 
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This, most probably, was what motivated Smart (1969) to 

develop an intermediate measure, termed ambilater.al 

classification scheme, which derives from the fundamental 

assumption of the random model. The ambilateral scheme 

preserves much of the topologie information. Nevertheless, 

a major limitation is involved and this is because the 

scheme can only be empirically demonstrated in very small 

networks. In large networks, the sample size becomes pro

hibitive as in the case of the random model. A similar 

mode of analrsis was pursued by Kirkby (1976), who treated 

the network as a family tree by describing topological 

properties in terms of numbers of links or 'generations' 

from the network outflow. 

While scanning a network through the random walks · 

process, Ferguson (1980) proposed an ind~x defined by the 

~aximum excess of interior- over exterior-links. This is 

the L-index which is used to determine the degree of net

work symmetry. 

Since the above topological measures founded on the 

basic assumptions of the random model cannot be applied 

to networks of large magnitudes, Javis (1972) proposed a 

new, sophisticated and more generally applicable measure, 

the E-index, defined as: 
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where Mis the magnitude of a given point and 

His its link distance; the subscripts i and e 

denote summations over the interior and 

exterior points respectively. 

(5) 

(.' 

·81 

Still in its seminal form, the denominator of equation (5) 

is the product of ~agnitude and link distance. But since 

the magnitude of all exterior links is constant (being 

unity in our classification system), Mis certainly redun

qant and should not be retained in the denominator, hence 

our modificatipn: 

Il L MxD./ 
i=l l. 

E = 
Il 

L De 
i=l 

where Mis the magnitude of a given fork or 

confluence and Dis its link distance, while 

i and e are the same as in equation (5) ." 

( 6) 

The E-ind~x is a precise structural measure for the ~naly

sis of network graph. Contrastingly, the other indices 

such as Shreve's (·1966) random mode! and Smart's (1969) 

ambilateral scheme, are enshrouded in mystifying mathematics 

and lack general empirical qemonstration. The E-index was 

therefore adopted, together with a combination of other. 
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measures capable of desç~ibing drainage n~twork structure 

in terms of links following'Jë!.mes and.Krumbein 81969), and 

in terms of elongation or compaction by using network dia

meter and magnitude. 

3.3.1 Link Analysis: / 

(.' 

Table 3 shows the results of link analysis of the twenty

seven fourth""'.order networks ·of the A:boine. drainage basin.· 

A total of -421 links. werè examin~d in twenty-seven 

sequences along thé mainstream diamete~. The proces$ had 

to be truncated at. links _with magnitudes ranging betwe.en 

six and four. This ni.ethod_which termiriates analysis between 

magnitudes four and six is not only procedurally justified 

but àlso necessary since tributary handedness becomes ambi-· 

guous at very low magnitudes. Trans-links along the diame-. 

ter tot~lled 232 (o~ 55.11%) and cis-links totalled 189 (or 

44.89%)." The preponderance of trans-links over cis-,l.inks 

is a clea.r indication that the Aboine drainage networ~ is · 

typically dendritic. Geologically,· there is not much struc
/ 

tural control on the drainage evolution and this fact gives 

accent to the suit~bility of the Aboine network for t6polo-· 

gical work. 

Our results ~rein consonance with other findings 

under similar circumstances~ For instance, in the Middle 
·-···-. -· 
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TABLE 3: Link ~naly~is df the fourth-order sub-basins 
of the Aboine network 

Cis- Trans-
Basins links links Diameter Magnitude E-index . 

1 7 11 21 33 6.58 

2 7 12 21 62 7.31 

3 11 15 28 58 10.18 

4 13 12 28 64 9.45 

5 8 7 17 46 
/ 

6.12 

6 17 22 44 150 13.38 

7 7 13 25 43· 7.84 

8 9 9 23 58 6.87 

9 5 11 20 44 5.99 
10 11 15 32 82 12.97 

11 1 5 11 24 4.00 

12 6 4 13 35 4.55 

13 5 1 10 18 3.34 

14 13 18 36 110 12.05 
15 4 1 9 17 2.84 
16 4 7 17 27 5.37 
17 1 8 15 36 4.54 
18 1 2 7 16 2.48 
19 4 4 12 25 3.45 
20 6 8 19 39 5.74 
21 5 8 19 67 6.89 
22 11 11 26 51 .7.51 
23 13 10 30 106 10. 53 . 

! 
24 5 8 17 46 5.00 
25 7 4 16 34 5.87 
26 3 4 12 24 1.61 
27 5 2 11 18 3.65 

Total Total d Total 
= 189 = 232 = 1333 Ë=6.52 

~44.89%) (55.11%) = 19.96 
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Fork of Kentucky, free of geologic controls that mignt 

distort the almost classical dendritic pattern of the 

stream network, a census of streams of magnitudes> 10. 

revealed link frequencies of 293 (or 60.40%) trans-links 

and 192 (or 39.60%) cis-links (James and Krurnbein, 1969). 

3.3.2 Network Diameter: 

The mainstream diameter is conceptually defined by the 

maximum number of links from the network outlet to the 

source. The determinatïon of the diameter starts at the 

o~tlet and proceeds upstream taking the path of higher 

magnitude at the bifurcations. The diameter as shown in 

Table 3 -are highly varied, ranging from 7 to 44, with a 

mean of 19. 96 and a standard deviation of 8. 93. The diameter 

gives an indication of the extent of the drainage basin 

within which fluvial processes operate. It is an·index 

of .topological elongation and Javis (1972) and Sham (1981) 

have observed that the most elongated structure has the 

largest diameter, while the most compact structure has the 

smallest diameter. 

3.3.3 Network Magnitude: 

Since the initial link-generating process operates by bi

furcations of the growing tendrils on the network margins, 
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James and Krumbein (1969) recommended that if stochastic 

process models are to be developed, observational.mea~ure

ment data should be related to stream process rather than 

channel response. Network magnitude refers to the 

number of sources in a drainage basin which, in turn, 
/ 

(.' 

gives a numerical indication of the spots where active 

headward erosion and network extensions are more likely to 

predominate. For the 2,123km2 drained by the fourth-order 

networks, the total ~agnitude was found to be 1,333. For 

the 27 fourth-order networks, the magnitudes range from 16 

to 150 with a mean of 49.37._ Shreve (1974) noted that 

magnitude is closely proportional to drainage area (Ad), 

and, for the Aboine basin, the degree of correlation was 

found to be positive (r = 0.75). 

The st~ength and direction of ielationship between 

magnitude and diameter E-index and diameter, and E-index 

and magnitude were calculated wi th the aid of the techniques 

of bivariate correlation and linear regression. The equa-
/ 

tion of a least-square line was calculated using a linear 

regression of the· form: 

~ 
y = a + bx ( 7) 

in which 

n 
~ xy - nxy 

b = i=l. . ( 8) 

f: x2 - nx-2· 
i=l 
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and a = y - bx 
A 

where y stands for the predicted value of 

the dependent variable, xis the indepen

dent variable, while ais the intercept 

( 9) 

and bis the gradient of the least-squares 

line. 

-86 

1· 

The correlation between diameter and magnitude was found to 

be high and positive (r = 0.92) and Figure 7 is a graphical 

representation of the resultant scatter diagram. Diameter 

was regressed on magnitude, leading to the derivition of an 

equation of least squares line: 

" d = 7.12 + 0.26M · (10) 

.A. 

where dis the predicted value of diameter 

and Mis the magnitude, which is also the 

independent variable. 

The regression oper~tion was brought to a logical conclu

sion through _the application of a goodness of fit test on 

the regression equation. This involves the palculation of 

the standard error of estimate, a general form of which was 

defined bySpiegel (1972) as: 

s y.x = j~(y 
N 

J'I )2 y 
( 11) · 
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where S is. · the stand.ard error of estima te 
y.x 

Of th~ dependent variable (y) on the indepen-

dent variable (x) , y .is t'he predicitea· value 

of the d~pertdent vatjable using the regression 

equation and l'f is thenurnber of .Pairs of 

variables. 

·88 

I' 

An application of equation (ll)to the.relationship between 
. 

diarneter and rnrignitude led to ·the derivation of the stan-

dard error of estimate of diarneter on magnitude (sd.M = 

± 3.36). In Figure 7, the relatibrtship between the regres

sion line defined bi ~quation (10) and ·the scatter of the 

observation poi-nts is further elucidated by the standard 

error of estirnate. Accordingly, up to 77;78% of the co

ordinates.are scattered within a distance of one standard· 

errOr of éstirnate (Sd.M =±3'.36) frorn the regression line. 

This least squares regression line is therefore a good 
, . ' . . ' . ' . 

fit for the data points and the_ 22~22% of the points put

side the range d~fined by the sd.M coul~ ~e f~tributed to 

,sarnpling-fluctuations ~nd minor rneasurernent errors. 

3.3.4 Network Elongat{ori: 

A consensus 'Of opinion exists arnong .drainage network. 

analysts that. the rnagnitud~ pararneter reflects the- arnount 

of drainage developrnent headward frbrn any giyen point on 
·-:---~···-- . 
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Javis' (1972) algebraid~lly. synthesized these d.etails into .. 

the E-index .(equatio·11, (5)), suitabl~ for. the ·estimation· of 

the degree of topqlogical elbngat.ion (and compaction~, among 

drainage netw_orks ~ In addition to being an· · index of 
1
symme

try (or otherwise), the structure of links in a netwo.rk can 

be ~opologically analysed .. to highiight the lineal and areil· 

ext_ent of: the basin èoncerned. Network extent (ih terms of 

elongation and compaction) is closely related to the under

lying geology and lit_hology. The 2,639 links o.f the Aboine 

fou.rth-order networks wère ~rialysed using th~· E;..index 

(equation (6)). A mu_ltip.le co+relation of 1;:he variables 

utilized (Tabl~ 4) reve~led t~at E~index correlat~d:posi~ 

tively with m~gtiitude (~ = Q.90). Magnitude correlated 

positively ~ith drairtage area (r = 0.75) and E-index also 

po~itively correlate~ with dr~inage area (r = 0.58). 

Figure 8 shows th~ scatter diagrani of which a linear. 

regression yielded.the equation: / 
A 
E · = 2.08 + O.OQM - . ( 12) 

where the value .of· :the pfeélicted. E-index 
;'I, 

is represente~ by E, and M stands for 

· magni tùd,e. 

',_:__~·· . ' .. 
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the E-index (equatfon ·ES)), sµitablè· fo:t. ·the· estimation of 
. .,· . ' ' ' ' ' . . . ~ - - . ' ' 

the degree of t0pplog.i~al eiong~tîon ( and co~pacti<:>i-1) . arn,çmg 
. . . ' ' '' . , / . ' 

· draina.ge net\\îorks ~ In addition t~ being · an index of 1~ymme~ 

try (or otherwiseJ, the structure of'li~k~ .in a network Gan 

be ~o·po·l~gi~ally analysed ,.to hi_ghlight the lineal 'and areàl, 

extent of· the pas in concerned. Netwo:tk. e.xtent (in terms of ·. 
' ' .. ~ - . 

elongation·and compaction) is clqsely.related to the ·underç

lying. geol,ogy an_d lit_hology. The 2, 6l9 links of the Aboine 
' ' ' · .. ·.,- '; 

' fourth-:-o.rd;er·rietworks w~re ·a11,alyseçi ~sing.th~ E-indéx 

(equation (6)). A multiplet :correlati~n of the variables 
~ , • < • ' ' ' • , ',. 

utiLi,.ze~ (Table 4). revealèd that E~indèx corre·lated posi-:

tive~:y wi'th m~gn;i.tuà.e~ (r =-0.90.). Magni'!=,ude correlated 

positively with drai~age area (r =; 0;·7:~) .and E.-.index also 

positively correlated. with dra,inage area (r = 0. 58) •• 
-.-. . " 

Figure 8 shows.the ·sca'!=,ter-diagraiµ of which a linear.. . . ' 

regression yi,elded .the ·equàtion: / 
. ·' 

i· ~ z.oa + 0~09~ 
' ' 

where t.he value of· tbe prèq.Jcteç. E-ihdéx 

"' is .re_present.~q. by . E, and M $ta,n~s for 

magnitÛqe. 

~-----: ' '• 

.' 

\ .' 

' '· ,i ' 

, ,-_ ~ 
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NJ 

... , ....... ,y-,;, 
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i r 
! 

I:11 

A1 

Rb2 

LN 
EL 

/ Ls 
Ad 

h 

Dd 

Re 

Re 

d 

E 

HI 

Nl· l,Ll Al ~2 

1.00 - - -
.90* 1.00 - -

-.001 .34 1.00 -
~ 

.29 .23 -.08 -1.00 

.99* .90* -.001 .26 

.89* .99* .33 .22 

.15 .50· • 78"' .09 

.75* .93* .49· .15 

.20 • 42 .32 .23 

.-09· -.20 -. 71 .06 

.03 -.03 -.29 -.35 .. 

.05 -.02 -.35 -.35 

.92*· .81* -.02 .37 

.90* .78* ·-.05 .36 

\.15 -.07 --.39 .36 
\ 

No. of cases= 27; 
• ~ significant.at .01; 
* ·--significant at .001 • 

.. ,:. ~· 

:.,. · ...... ;,..~ 

90 

TABLE 4: A 15 x 15 multiple correlation matrix 
derived for the Aboine basin 

L_N L,L Ls Ad h Dd 
; 

Re 

- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -

1.00 - ~ '>.' - - - - -
.89* 1.00 ... - - - -
.14 .53 1.00 - - - '. -

-' 

.75* .95* .67* 1.00 - - : -
', . 

' .20 .42 .40 ·.43 1.00 - .. ·-· ', 

.09 -.25 -.80* .46- -.23 1 ... 00 ·-
-.01 -.20 -.02 -.04 .14 

, ·,,, 
1.00 .05 

.06 -.02 -.32 -.06 .11 .42 .75* 

.92* .79* · .i2 .62* • 07 .18 .. -.17 

.89* .76* .09 .58* .09 .• 22 . ; -.11 
·' 

.• 15 -.08 -.52· -.22 - .01 .• 53• -.03 

; .-7~. 
'•" '• . , . 

~ ~ -. . ' ~ ' ,, "' '• 

' , 

. )·:.- -~·-;.: .... ... )""-.·~-·~''*'""~'s,,,,,., • 

Re d E HI 

- - - -
- - - -
- - - -
- - - -
- - - -
- - - ·-
- - - -
- - - -
- - - - . 

- - ·- -
- - - - . 

1.00 - - -
-.09 1.00 - -
-.08 .96* 1.00 -

.04 .18 .23 1.00 

'·,' t ; ''' ,;• '--'v 
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A goodness of fit test using equation (11) gave the standard 

error of estimate of E-index on magnitude as sE.M = ± 1.38. 

It was graphically observed from Figure 8 that 81.48% of the 

distribution fell within a distance of one standard.errer of 

estimate (SE.M = ± 1.38) from the regression line. Tpe E-
,,. 

index was also regressed upon network diameter with which it 

also correlates positively (r = 0.96). The resulting graph 

is shown in Figure 9, and the equation of the least-squares 

line arrived at is: 
,.. 
E = - 0.27 + 0.34d (13) 

..... 
where E is the predicted E-index using 

diameter (d) values. 

The validity of the regression analysis was established by 

calculating the standard error of estimate of: the E-ind.ex 

on diameter using equation. (11). The operation ylelded 

sE.d = ± 0.82, with 92.59% ·of the data points being concen

trated within a distance of one standard error of estimate 

about the regression line. Apparently, the linearity of 

the scatter diagram (Figure 9) is indicati_vj of the goodness 

of fit of the regression line defined by equation ·(13). 

This linearity of co-ordinates also suggests a clear, un

ambiguous causal dependence of the E-index on diameter. 

----- -· 
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Furtnermore,·sinçe the E-ïndèx is at the coreof our 

topolo~ical an~lys{s, its distribtition was analysed in 

order to reveal i ts degree· of symme.try and peakiness .: In 

ascertaining how symmetrical (or asymmetrical) the distri

bution was, we appliedthe mome:ptal skewne?ss test (Ebdon, 

1977) of 

.sk 

the fprm: 

n 

= 
~ (X -1=1 

x)3 

nS"~ 

where 6' is the standard deviation and. 

(x-- i)1:· is· the cube of deviations from 

· the mean for the 27 cases (n). 

(.' 

( 14 ). 

Equation (14) yi.elded a skewness of 0.67. The tech

nique of skewness·actually measu:r:es the extent to. which 

the values are distributeo. about the mean. A symmetrical 
. . . 

distribution ·has. zer'o skewness. ·when more of the values 

a~e below ihe mean, ·the distributi~n is positively.skewed 

(and vice versa). The distributiori of the E-index in the· 

. Aboine basin is positive.ly skewed, with 15 basins having 

their indices below the mean (Ë = 6.52)~ The E-index_is 

relative, and is essentia,l;ly usèfu..:J. for·comparative aI1aly

sis. Though more of :the networks are relatively compact, 

yet the elongated ones, which are,.f.fewer in number, are 
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'weighty' enough to balance the distribution. In nature, 

the smaller the order of.streams, the more the number and 

vice versa. The E-index positively correlated with the 

drainage area (r = 0.58), revealing relatively more compact 

(and, therefore, smaller) basins and fewer elongated (and, 
/ 

therefore, larger) basins. 

The peakiness of the E-index distribution was also 

tested using the kurtosis test given by: 
n . 

= 
·Z: (x - x) 4 
J.=l 

4 
n~ 

(15) 

wher~ (x - x) 4 is the deviation (from thè · 

mean) raised to the fourth power for the 

twenty-seven cases (n), and.~ is the stan

dard deviation. 

With equation (15), ~ normal dist~ibution yields a kurtosis 

of 3.00, a peaky distribution gives a value much greater 

than 3.00, while a very flat distribution yields a value 

much less than 3. 00. In the 'kurtic' languaSfre, very peaky 

distributions are described as leptokurtic and on the other 

extreme, very flat ones are platykurtic, while those 

moderate distributions whose values do not significantly 

depart from 3.00 are described as mesokurtic. An applica

tion of equation (15) to the distribution of E-index in the 

CODESRIA
 - L

IB
RARY



. t . 

· 96 

Aboine basin yielded a kurtosis of 2.7 which does not depart 

so rnuch frorn 3.00. However, this value of kurtosis is indi

cative of a slightly flat distribution and can be attributed 

to chance variation in sarnpling. 

The above topological analyses gave indications of net

work structure and, by implication, channelized fluvial pro

cesses. These topological analyses were cornplernented with 

volurnetric and planirnetric analyses of drainage basin georne

try in order to validate inferences in relation to general 

basin fluvial process-forrn relationships. 

i 
ï' 
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CHAPTER -4. 

DRAINAGE BASIN'PARAMETERS 

The operation of river and hillslope processes forms a 
' . . . . ' 

central. theme in fluvial geomorphology. In the humid tro-

. pics, , topographical modifications are promineritly ,fluvial, 
/· . . . 

to.the near exclusion of other agencies •. ·owing to the geo-

graphical location of our study area, nivational and coasial. 

denudation~l processes do not operate, while aeolian activi

ties are virtually unimportF1,nt. Continental geomorphic 

processes in the humid ·tropics are ac~entuated by. · the lubri...,; 

ç:ating'action ot'water. This·is in addition to the fundamen

tal role plàye·a: 'by water i.ri the disintegration of. the geolo

gical substructure into a veneer of regolith on.which denu-

dational processes operate. 

It has been ·argu_ed that fluvial activity is probably 
. . 

the most important.single·class of processes which shape the 

earth's surface (Mark, 1975). The proce~~es are eibgenetiè 

and geomorphology . concentra tes on their m,eci,anisms of. opera

tion and legacies in terms of forms. A good riumber ·of geo

morphol_ogists we.uld ·prefer .exploring the forms descript.,ively 

. to the more rigorous exercise of analysing the causes of the 

forms. Analysis of causal relatioriships învàriably involves 
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a critical look at the underlying processes associat~d with 

the pa'.rticular forms in question. The competenc::eof geomor

phologists' to inves'l:igate surficial processes.per se is· not 

. in doubt. Process-fbr~ arialysis is.b~s~cally at the core 
' ,. · .. 

of geomorphic ih~ught bqt th~ .i~plicationè ~f some ~9herent 
' ' . . (.' . ' 

ambiguities undersco!e.the need.for morecareful andsc1.en- · 

tif ic analysis •. This is bec à use, though form$ are ·responses 
' . 

·to causative proces,se.s, recerit .trends of thought in relation 

to equifinality (Berry~ 1983; Culiing, lg87) and the pofy-
. ' 

geny of forms indicate that, · in the absence of empirical 
' . . . 

verification,· the use p:f :forms to predict process a priori, 

could pe misleading. · Procef!s-form analysis should therefore 

be carried out. witll. :much c.aution~ 

'rhe analysis of landforms has led to the .evolution of 

peculiar methodologic.al concepts. Quite pro:minent, both .as 

·a concept and as a methodçllogy, is'geomorpho111etry, which i.s 

· the science that treats the. geometry of.· the land'scape 

(Chorley et al, 1957)! In other words, geomorphometry quan-

titatively attempts .~to describe· the form of land surface 

(Mark,1975). · Specific geomorphometry applies to specific 

surface features, while general ge6morphometry applies to 

the land surface.as.a continuous ro~gh surface (Evans, 1972, 

1974, 1981; Javis, 1981). When geomorphometri is applied to 

'', 

' 
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a drainage basin as the fundarnental geornorphic unit, the 
. 

approach is technically terrned drainage basin rnorpho~etry 

which, according to Gardiner (1981), prirnarily involves 

network delirnitation, sarnpling, ~easurernent, definition of 

variable and analysis. Strahler's .(1952a) fourth-order 
,,· 

basins forrned the spatial frarnework for sarnpling within 

which various v~riables were assigned nurnerical values 

following sorne definite rùles. In consonance with current 

rnorphornetric procedure, the variables have been opera-. 

tionally defined and listed in Appendix A. 

4.1 Basin Pararneters: 

The problem of proliferation of rnorphornetric pararneters was 

alluded to in Section 1.1. This proliferation rnainly stems 

frorn the fact that a geornorphological problern is often causally 

linked wi th, and defined by nurnerous variables sirnu.j_ taneously. 

The contributions of these individual variables in the total 

or joint variance of the problern in question vary. Moreover, 

rnulticollinearity is characteristic of spatfal data. Many of 

the variables correlate with each other, with the result 

that many parameters applied end up rneasuring basically the· 

sarne elernent in different ways. Different analysts could 

work from different perspectives· and use different pararneters 
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to perforrn essentially the ·same fundarnental operation. They 

may have à. comrnon philosophical·underpinning· and yet. trace 

different methodolo~ical loci d~e to the analyè~s of 4iffe

rent cornbinations of variables.. The. existence of multiple 

variables implies ah el.ement of redundancy in sème o.f the . ,' 

' ' / 

variables. Proliferation of parameters detracts frorn a par-

simonious analysis. In addition, w.ith too many .par:ameters, 

the dariger of su~j~ctivity may.incr~ase in' the process of 

identifying t~e diagnostic variables and.discarding the 

redundant ones. 

Attempts .to cope·with the multiplicity of variàbl~s 

through objectivi and sçientific ~anipulation of data have 

led to the development of factorial.anilysis. Factor-, . 

analytical techniques are unparallelled in thei~~data-· 

reduction capabiliJ.y.· Kim (1975) di.scussed the operati~nal 

requirements for these techniques which are further given firm 
. ' . 

mathematical footing by th~ ~pplication of orthogonal 

(varimax, quart.irnax. and equirnax) and oblique ·ro:tations 
. l 

which ensurè a rarefied transformation of the raw data 

matrii into sorne:easily ipterpr~~able indi6es. These indice, 

serve, inter alia, for exploratory and confirmatory 

(hypothesis-testing) purposes~ ·Thus, an explanation is pro

vided in relation to the structuring of.the variables. as 
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The multivariate techniques of factorial analyses have 

been widely applied to empirical morphornetric investiga

tions. The :resul ts arrived at have pioved both encouraging 

and elucidating. While atternpting a regionalization ·of 

landforms in Indiana, Lewis (1969) collapsed nurnerous 

variables to six principal cornponents. which accounted for 

92.98% of the total variance in the rnorphornetric variables. 

Mather and Doornkarnp (1970) reduced 18 variables to six 

factors accountirrg for 94 .. 93% of the variance arnong 130 

third-order networks of the Katanga and Kagera basins in 

Southern Uganda. An analysis of 17 properties of 62 rnon~

lithologic third-order basins of the Oji, Ozorn, and Obe · 

rivers of South-eas~ern Nigeria gave rise to four source 

variables explaining 87.33% of the variance in data 

(Ebisemiju, 1979a). 52 of these basins were re-analysed 

with respect to 37 rnorphornetric v~riables by principal corn-
/ 

panent analysis, explaining 92.32% of variance in data 

(Ebiserniju, 1979b)~ An order-by-order PCA of 8 rnorphorne

tric pararneters has been utilized to highlight the effect 

of spatial scale changes on the interaction of rnorphornetric 

properties of the basins of Udi-A~gu Cuesta unde.rlain by 
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sandstone formations (Ebisemiju, 1985b). In an investi

gation of the runoff response to basin parameters in ten 

selected basins of south-eastern Nigeria, principal com

ponent analysis was used to reduce fifteen basin parame

ters to four orthogonal components, explaining 92.50%,of 
/. 

total variance (Phil~Eze, 1986). 

Most- of the above morphometric applications of fac

torial analysis were resolved at the third-order basin 

level. However, our present work goes beyond the conven

tional third-order level, and experiments with the fourth

order basins as the spatial basis for morphometric 

analysis. 

Different network properties become more pronounced 

at different order levels. For instance, network allometry 

is characteristic of the lowest order segments particularly, 

the first-order streams. As the order increases, degrada

tional activities may progressively give way to aggrqda

tional ones. This is because average gradie~t correlates 

inversely with basin order and so there is a gradua! dimi

nution of the energy available to the stream channel for 

abrasion. - It has been recognized thàt headwater and channel

way erosional activities equilibriate around the third-

order level. This maximization of fluvial, hydraulic 
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activities most probably accounts for the·resolution ·Of 

'm6st drainage network arialyses at the third-order level. 

But a c:orollary to this · is ·equai.ly true: that applied 

morphometric w.orks · should · be reso.lved at hig~er-order 

basins, the morpholo'gical properties of which are sp5itial 
/ .. 

averages of those of tpe lower-order basins nest.ed · wi thin 

them ·(Ebisemiju, 1985b). This is a major reason that 

necessitated· our choice to resolve arîaly.sis at the fourth

order level. ·. 'This choice also reflects the investigator' s · 

methodo.logical .preferenc·e with an explorat,ory .philosophi-

. cal undertone. The extent to which the scale of abstrac

tion cân be a factor in morphometric wor~ was also 

explored • 

. A multivar.iate · analys.is was carried out with· 15 · 

variables for 27 fo~it~~ord~r basins. The analysis .of 

these lineal, areal and relief properties is iri addition 

~~ the several vaiiablei ~iili~ed for the derivation of 

topological and hypsometric indices .• For parsimony, oniy .. , . . . 

15 purely quantifiable lineal, area1·and relief viriable~. 

were analysed to explain basin morphometry. The· use of 

· only 15 variables derives from a conscic;rns · attempt to 

minimize red~ndancy· in the combination ot'.these.variable$ • 

. Individual mathematical techniques were applied to purely 
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topological network properties. Due to .ttieir_peculiarity, 

relief pro~erties wèr~ further ~nalysed with the specia

lized techniques of area-height· analyées .. 

In. the twenty-seven basiris, 405 detailed·observations 

generatèd a massive form of data for the 1.5 variables which 

principal component analysis coliapsed into .four components' 

expiairiing ~8.04% of th~ variance'in da~a l~aving out 

11.96% to minor factors such as non-linearity and inherent 

operator variance.· The results of principal component 

analysis are shown in Table 5, ":lnd the interpretation: of 

th~ ·source variables for the components is embarked upon 

in Section 4.2. 

4.2 Interpretation of the Components: 

The pattern bf loadings bf the 15 vari~ble~ on the four· 

· components is s·hown in the matrix of principal components 

of· Table 5. Only four components were significant (since 

eaèh of the four had eigenvalues that exceeded unity). ,_But 

in order to achieve a.simpler and theoretically more 

meaning;u1 interpr~tation of th~ loading patterns, the 

four significant components · were rotate'd to a termina_l 

solution to yield Table 6. Since the 15 x 15 raw data 

' ... --~.- . 
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TABLE 5: Matrix of principal components derived for 
the Aboine fourth-order basins 

Variables Component 1 Component 2 Component 3 Component 
.. 

1] Nl .92225 .34198 .05640 -.08761 . 
2] I: Ll .98292 -.02681 .134.42 .01573 

3] Al .31173 -.81428 -.01351 .01228 

4] Rb2 .33412 .156.43 -.62859 .44290 

5] [N .91769 .34454 .08119 -.09948 

6] LL .97995 -.05464 .15257 .01962 

7] Ls .48866 -.80555 .04775 .04818 
. 

8] Ad .90834 -.28094 .19726 .01510 

9] h .38172 -.26930 .14053 .79151 

10] Dd -.19909 .88799 -.04022 .04277 

11] Re -.11841 .28182 .83214 .08257 

12] Re -.11524 .42086 .80806 .22655 

13] d .86830 .37527 -.16525 -·.19459 

14] E .84144 .40945 -.15301 -.15974 

15] HI -.01586 .64202 -.35833 .38082 

Eigenvalue 6.56667 3.49298 2.03191 1.1i193 

% of Va-
riance 43.78 23.29 13.55 7.41 

Cum. % 43.78 67.07 80.62 I 88.03 
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TABLE 6: Varimax-rotated.principal components derived 
for thé Aboirte fourth-order ba~ins 

Variables ·Component 1 Component 2 ·tomponè?t 3 ' Component 

1] ' N . 
1 .98401 -.06236 .02406 .07482 

2] LL1 .91930 ._29787. .02821 .. 224 77 

'3] A1 .05233 .82967 · - .. 20527 .1653t 

4] Rb2 .25074 -.27110 -.58041 .50413 

5] LN .98379 -.05847 .04825 .06129 

6] L,L .90864 .. 32654 .04091 .23030 

7] Ls .21787 .87416 -.15900 .23537 .. 

8] Ad . • 77 83.7 .• 52 9'9.0 . .04619 .23315 

9] h .14917 .25917 .10377 .87423 

10] Dd .06268 -.89055 .'16052 -.09396 

11] Re -~00152 -.11477 ,8ij291 .-.00053 

12] Re . 01571 ' -.27042 ·.89658' · .12594 

13J d . 95055 .. -.14112 
" 

-.;I.8734 -.03733 

14] È .92984 
1 

-.18200 -.16~37 -.01326 

15] HI .08815 ·-.73899 -.19078 ·.30917 

EÎ.genvalu~ 6.13004 3.5551,5 2.12991 
/ 1.39029 

% of Va- '' 

riance 40.87 23.70 14.20 · 9. 27 
Cum. % 40.8.7 64.57 78.77 88.04 

·.--;_ ..... 
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matrix was normalized, each variable has a variance of 

unity and the whole data-array has a total variance of 

15. In order to find the proportion of total variance 

accounted for by each component, the respective eigep

values were calculated. Eigenvalue, denoted by 

given by: 

15 
Ài = ~ aj2 

j=l 
( 16) 

where À.i is the eigenvalue of each 

component (in this case, four components) 

and .a values are the loadings of i 

variables starting from 1 to 15 on the 

rotated matrix of principal components 

(Table 6) . 

The percentage of total variance accounted for by each 

qomponent is then calculated using the formula: 

P = 100 Ài/N (17) 

ie 100 Ài/15 ! . 

where ~ denotes the eigenvalue for the 

components and N is the number of variables 

(ie 15). 

-107 

Equations(16) and (17) are fundamental to the interpre

tation of the four basic dimensions. 
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4.2.1 Component 1: Stream Network Size Variate: 

With an eigenvalue of 6.13004, Component One accounts for· 

40.87% of the total variance in data. A critical examina

tion of the loading pattern ori tl).e varimax-rotated matrix 

of principal components (Table 6) reveals that the signi-
,,· 

ficant loadings (exceeding ± 0.7) are predominantly /' in

dicative of the network size, hence this component is 

designated as Stream Network Size Variate. The signifi

cant loadings have been extracted and presented in 

Table 7. 
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TABLE 7: Significant loadingson Component l. 

Variàble 

E 

Identification 

Magnitude, Nu~ber of 
stream sources 

Total ·1ength of first
order streams 

Total number of stream 
segments 

Total length of stream 
segments· 

Drainage area 

Diamete:t 

E-index 

Eigenvalue ( À 1 ) = 6 .13004 

Variance accounted for= 40.87% 

I 

Loadinqs 

0.98401 

0. 91930' 

0.98379 

0.90864 

0.77837 

·o. 95055 

0.92984 
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The )lighé:st' _loa,d.in<3" o,n CompQnE~nt One .i~ on,· N.l W:lld,ch ·. 

cor:i;e+c:1tes ve.ry J?O.Sitively 'and hi~hly w,tth ·~N · (r ·== 0.99). 

Very· pronounced erosion occurs virtuallY. at all the Aboine 

stream sourqes and ~l def.ines fhese sources. On the 

wholè, fluvial activities take place along the.segme.nts 

definèd by ~ N for the· và.rious orders . (u) in · the basin~ 

N · was plotted against !! (Figure 6) and the plot of mean 

segment len~th ·(E) ~gainst basin: o;der (Figure 10) and 

that of mean b~sin arei c:1gainst b~sin order (Figure 11) ,. 
' ~ . ' ' . 

all obey the three·laws .of drainage composition strèssing 

that there is no apncirmality in the Aboin~_dréiinage evolu

tion. The patterns of these plottings are in agreement 

with Knighton's (1984) results for the Bollin Dean network. 

That established fundamental·morphometric laws.are con-. 

firmed is an indication of the scientific undertone of our 

methodology. 

The second highest loading oil Component One is on 

the ·total number of streiitn segments ( ~N = N1 · + N2 ·+ N
3 

+ 
f 

The. LN is a purely t9pologic~al inde'x whiçh gives 

a numerical index of the degree of stream network linkages. 

More. importai:tly, I:N defines. the inter~ction among 1333 
. . 

· first-order _streàms, ·.354 second-order stream. segments, 
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82 third-order stream segments and 27 fourth-order stream 

segments (Table 2). Such an interaction subsumes a range 

of fluvial activities operating along both the channel

way and headwater zones of the basin. Table 4 shows. thà.t 

~N correlates positively with 13 variables and neg~tively 

with only one. 

Diameter (d) and E-index (E) are third and fourth 

respectively on the loading hierarchy of Component One. 

Notably,·these are topological indices (together with N1 

and ~N). Sections 3.3.2 and 3.3.4 have explored the 

import of network structure on channelized fluyial proces

ses with particular reference to the diameter and E-index 

respectively. These ~wo variables(d arid E) correlate very 

strongly and positively with each other (r = 0.96). Each 

of them also correlates positively with 11 other variables 

and negatively with only 3 (Table 4) • 

LL1 and LL are fifth and sixth in terms of 

loading on Component One. These two variabl~s which are 

p6sitively correlated with each other (r = 0.504) also 

individually correlated positively with 10 variables. These · 

indices of actual lengths complement the topological ones, 

hence revealing the lineal extent of channel processes .. 
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The seventh significant loading·of Component One is 
. 

on drainage area. Ad correlates positively with 10 va-

riables and negatively with four. This is in agreement 

wi th Ebisemiju' s ( 1979b) finding in which Ad signific_antly 

correlated with 32 out of 36 variables. However, it is-
/'-

important to note that the relationshiH petw~en Ad on the1 ·one 

hand and many other variables on the other, is frequently 

characterized by much ambiguity. For instance, empirical 

results have shown that the exact nature of the link 

between Ad and Da has remained very controversial (Pethick, 

1975; Ferguson, 1978; Gerrard, 1978). This is due to the 

unpredictable nature of Aa which has also been characterized 

as the devil's own variable (Anderson, 1957). Iri the 

present work, Aa.was found to correlate negatively with 1?d 

(r = -0.46). This negative correlation between drainage 

area and drainage density is an evidence of inverse 

causal relationship. 

The first component of most previous morphometric 
I 

principal factorings rarely loaded highest on Ad (Lewis, 

1969;Mather and Doornkamp, 1970; Ebisemiju, 1979a, 1979b) 

and in this respect, the present work i~ in agreement 

with earlier works. The unique cornbination of variables 
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that loaded significantly on this component is noteworthy! 

This combination could be attribu.ted to the resolution of· 

the present analysis at the fourth-order basin level .. Most 

probably, this highlights the degree of accent and 

importance which the scale of analysis can give to some 

variables. The influence of some variables can be stifled 
.,; 

and concealed by the sma.llness of the scale of abstraction 

and analysü;. 

4.2.2 Intensity of Dissection Variate: 

This component has an eigenvalue of 3.55515 and accounts fo~ 

23.70% of total variance in dat~. Table 8 shows the signi

ficant loadings (exceeding ± 0.7) which weigh heavily on the 

total drainage density (Dd), mean stream length (Ls), mea~ 

·q.rea of first-order basins (A.1) and hypsometric integral 

.·'(HI) • 

TABLE 8: Significant loadings on Component 2 

Variable Identification Loadin 

Total drainage density -0.89055 

Mean stream length ·o.87416 

Mean area of lst-order basins 0.82967 

HI H sometric inte ral -0.73899 

Eigenvalue = 3.55515 

Variance accounted for= 23.70% 

., ..... 
·'; ... 

.. \ 

,,.,:••\ 
:"i::. 
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Compon·ent ~wo is termed the Intensi ty of Dissection 

Variate and weighs heaviest on Da. The total drainage 

density (Da) is the quotient of cumulative length and 

drainage area. It portrays the extent to which a given 

area is traversed b~ strearn networks. The linear extent 

of network rnainly delineates the operation of channe-
li; 

~~zed fluvial activities. Da theiefore, defines the 

+inear extent of fluvial erosion per unit area. Da sup

surnes sorne other process-elucidating indices such as the 

constant of channel rnaintenanc~ (Cern> and length cif over~ 
J· 

land flow (Lg). The constant of channel maintenance 

(Cern= Dd-l) defines the areal extent needed to sustain 

a unit lèngth of channel while the length of overland 

;low (Lg = J..iDa) shows the averag(? length of flow path fo:i:: 

\r~noff 'frorn the 4ivide to the n~a~e~t channel. 

Cornponent Two is also highly and significantly 

1oaded on L5 and A1. The Lsis a surnrnarizing index show

ing the average length of all the strearn segments fo:J:" all 

the various orders. The Ls also defines the average 

linear extent within which channelized fluvial erosive 

processes operate. A1 provides a spatial frarnework for 

/ 
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the operation of the di~secting agents. Network.allome

try and related indices of lineal dissection .are cl~arly 

evident on an areal setting primarily defined by A1~ 

. From the implication of this combination of indices 

(Da, Ls, A1, and HI) on Component Two, it is logical to 

~nfer thélt the Aboine basin is actively being modified 

by the action of fluvial erosive processes. This 

inference is further corroborated by the results of oqr 

field work. It was observed that very active erosional 

activities variously expressed in terms of i~cision, 

valley-widening and headward erosion_are experience~ in 

the headwater zones of many of the basins under investi

gation. A classical case is the intensive topographie 

and headward erosion occurring at the heqq-
. . 
;wa,ters of. -Ekulu river. Near the. Iva Valley Coal Mi:oe, 

t_he Enugu-Cnitaha Express-way héls already been conspi-

· cu~usly scarred by this dissection. 

4 .-2. 3. Component 3: Shape Varia te: 

The third component has an eigenvalue of 2.12991 and 

accounts for 14.20% of total variance in data. It loads 

heavily (exceeding ±0.?)·on circularity ratio and 
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eiongation ratio (Table 9). Sequel to the high loadings 

on these shape indicators, this component is termed the 

Shape Varic,:.te. 

TABLE 9: Significant loadings on Component 3 

Variablé Identification 

Circularity ratio 

Elongation ratio 

Eigenvalue = 2.12991 

L~ading 

0.89658 

0.88291 

Variance accounted for= 14.20% 

', 

The multiple correlation matrïx (Table 4) shows that :, 

Re correlates positively with ·6 variabels and negatively 

with 8, while Re correlatès positively with only 4 and 

~negatively with 10 variables. Strangely, however, these 

i,· '!;:wo variapl.es correlate very positivel.y and_ highly w;i.th 

each othef (r = 0.75). The erratic behaviour of ~hape 

variables has greatly retarded the development of shape 

indices. Methodological evidence from current planimetric 

works supporta Bupge'a (1966) assertion that shape has 

proved to be one of the most elusive geometric properties 

to capture in an exact quantitative fashion (Boyçe, 1964; 
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Lo, 1980; Moellering and Rayner, 1981, 1982; Austin, 1984). 

In the same vein, Griffith, O'neill, O'neill, Leifer and 

Mooney (1986) argued that the growing number of shape 

indices reflects the inability of any one measure to cap

ture all elements of a given characteristic surface con-

figuration. Furthermore, it is maintained that inconsis-

tencies characterize most current shape measures, with the 

result that there is no one-to-one correspondence between 

~he value of an index and the shape of the figure it 

represents. Necessary ideal propertiei of shape indices 

include independence of scale, independence of rotation 

of figure and independence of translation of figure. Also, 

another property of an ideal shape index is the re

generation of the original sha~e from the shape index! 

While recognizing the neeq to measure the shape (or the· 

characteristic configuration) of.an obje~t, Griffith 

et al (1986 p. 269) noted that current shape indices are 

mere "red herrings", since they grossly lack the ideal pro

perties mentioned above. , 

Component 3 loads highest on circularity ratio (Re). 

~he circularity ratio is a useful comparative index which 
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numerically defines a basin- shape by relating its area ta 

that of a circle with same perimeter as the basi~ (Appendii 

A)~ Basin shape i~ a significant factor underlying the 

concentration of flood within a defined area as well as 

the lineç1.l :'.etwork structure that resul ts. Obviously, · 

'.both the lineal and areal operations of fluvial processes 

are, ta a great extent, a function of basin shape which is, 

in turn, defîned jointly by Re and Re on Component J. The 

strong positive çorrelation between the circularity ratio 

and.elongation ratio is a clear indication that bath of 

them have a pimilàr influence on the operation of fluvial 

processes within the basin. 

A mean Re value of 0.53 (with a standard deviation 

.,~f Q .1) was calculated for the Aboine sub-basins. Concep.,.. 

, :·:tually and operationally, · the nearer_ an Re value is to. 

unity, the more compact the basin. Similarly, a completely

ç::ircula~ f:L<:rure has an Re value of unity and the. value 
1~ /f 

tends towards infinity with increasing linearity (Griffith 

et al, 1986). A mean Re value of 0.620·74 (with a standard 

deviation of 0.0877) was calculated for the fourth-order 

basins of the Aboin·e network. This value does Iiot 
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significantly depart from unity, indicating that the basins 

predominantly have bovine liver shapes, though not exactiy 

circular, but notably compact. While deriving.a shape 

index - the form factor (Ff = Ad/Lb 2 ), Horton (1941) observed 

that normally developed basins are pear~shaped. Drainage 

basins are pear-or bovine liver-shaped when the influence 

of structure is minimal. ,,Basin shape is a good index of 

hydrological processes. For exampie, in a round or compact 

basin (as opposed to an elongated one), floods are stronger, 

more concentrated and have higher velocity and erosivity. 

As a consequence, drainage evolution is rapid in a more com

pact basin (Zavoianu, 1985). The statistical inference from 

Component 3, with the aid of the elongation parameter, is in 

cbnsonance with the results of our topological analyses 

. ( Section 3. 3 . 4) • The topologtcal E-index revealed relative~y 

more compact fourth-order basins than elongated ones in the 

Aboine network, strongly suggesting the absence of structural 

control on the drainage pattern. 

4.2.4 Component 4: The Relief Variate: 

The only prominent and significant loading on this component 

is on local relief (0.87423). The difference in elevation 

CODESRIA
 - L

IB
RARY



122 

between the highest point in the basin and the basin mouth 

defines the local relief· (h) whic~ is also closely related -
to other indices such as relief ratio (Rh) and.ruggedness 

number (N];"{). The Rh is the quotient of h and Lb (that is, 

the•longest linear dimension of the basin= Lb; h/Lb =Rh), 

.,, while NR ~.s ti:1e product of relief and drainage densi ty ( ie NR = h x Dd) 

Com~onent 4 has an eig~nvalue of 1.39029 .and accounts 

for 9.27% of the total variance in data after the effect 

of the previous three components had been isolated. This 

component highlights the li~k between surface geometry and 

basin solid geometry. Surface geometry is indicative of 
\ 

linear and areal planimetric characteristics while solid 

geometry has to do with the volumetric properties. The 

relief is also a reflection of the solid mass available for 

t~ansformation by relentless denudational agents. The h 

makes use of basin length (Lb, a direct derivative of Ad) 

to show the extent of basin surface within which fluvial 

processes operate. Slope strongly influences the velocity 

of surficial fluids as well as the operation of sub-surface 

catenary processes and plastic mechanics. Pronounced relief 
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g ives accent to stream velocity, which in turn, gives more 

impetus to the kinetic energy of fluvial activities. 

The susceptibility of topographie mass to abrasive 

activities has to do with the nature of the underlying geo

logy as well as the type of climate with respect to the 

'immensi ty of weatherin'g and denudational processes. The 

Aboine basin is characterized by a thick mass of deeply 

weathered material on which fluvial processes act. In 

Chapter 5, hpsometric analysis will be used to further ex

plore the relief variate so as to reveal the morphological 

' implications of the available solid mass. 

At this point, it is necessary to note that the cqn

tribution of each of the four components to the total 

·:wa:çiance was analysed with the help of the eigenvéllues. 

· For methodological coherence and logicality, it is proper 

to complement the exercise with an analysis of the contrt~ 

bution of each of the source variables in accounting for 

the common variance in data. 

4.3 Common Variance 

It is important to further examine each source variable to find out 

the proportion of common variance in each variable accounted 
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for by the components. This fact can readily be extracted 
J 

from the varimax-rotated terminal matrix of principal com

ponent$ (Table 6). 

Varimax rotation was employed in this analysis .not 

just because it is the most widely used method but because· 

.,.it simplifies the columns of a rotated matrix by maximizing 

the variance. This process of simplification is equivalent 

to maximizing the variance ~f the squared loadings in eacp 

component (or column). With the varimax-rotated principal 

component n~trix, it is possible to calculate the percen

tage of common variance explained for each variable using 

the communality (h 2 ) index defined as 

h. 2 = 
1 

4 

~ aJ·2 
j=l 

w~ere hi2 is the communalitr for the 

variable, a values are the loadings of 

the variable on components i ranging 

from 1 to 4 on the .varimax-rotated 

principal component matrix. 

( 18) 

The results of an application of equation (18) to the 

source var5.abJ.es yielded the information in Table 10. 

1. 

' 
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TABLE 10: Extracted source variables and their 
proportions of corrunon variance explained 

Compo- Source Corrunu- . % of 
nents Identif.ication Variable nality Variance 

1 Stream network 

i size variate N1 0.97835 97.1;34 
' 

2 Intensity of 
Dissection 
Variate Da 0.83161 83.16 

3 Shape Variate Re 0.89308 89.31 

4 Relief Variate h 0.86447 86.45 

125 

A further examination of the pattern of the percentage 

of explained corrunon variance reveals the over-riding impor

tance of stream network size variate, with N1 haying an ~ 2 

of O. 97835. The interpr.etation is that the four components 

''1:< corrunonly accounted for 97. 84% of the total varia,nce in the 

number of first-order streams. The complement of the corn-

munality, for. N1 (that is, 1 - h2N 1 = 1 - 0.97835) is 
J 

0.02165. 1 This implies that only a negligible 2.17% of 

variance in N1 is not accounted for by the four components. 

It is also important to note that N1 has a factorial comple-
, 

xity of one. This was made clearer by the varimax rotation 
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which rnaxirnized the loading of N1 on one cornponent which 

is Çornponent One. As rnuch as 96.83% out of 97.84% of the 

cornrnon variance in the nurnber of first-order streams is 

accounted for by Cornponent One alone, leaving the other 

component:;; ('~hat is Two, Three and Four) to share the 

rernaining 1.01%. 

The four cornponents explained 83.16% of yariance in 

the total drainage density, out of which 79.31% was 

accounted for by Cornponent Two alone, as Cornponents One, 

Three and Four share the rernaining 3.85%. As rnuch as 

16.84% of variance in Da was left unaccounted for by the 

four cornponents. 89.31% of the variance in circularity 

ratio was accounted for by the four cornponents leaving 

put 10.69% unexplained (in PCA, the proportion of variance 

npt: explaiped by the sign'ificant cornponents is procedurally 

accounted for by the other cornponents). 

It ':~:wuld be observed that the proportion of cornrnon 

variance generally decreases from the diagnostic variable 

of the first cornponent to that of the last one. This is 

evidenced by a general decrease in the cornrnunality values 
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of the component-defining variables. This general empiri

cal observation was not completely upheld or conformed, 

with in the present investigation (Table 10). The communa

lity of Dd of Component Two should have been greater than 

that of Re of Component Three. However, this deviation 

is not too surprising as it could have emanated from the 

"devil's own variable" itself (since Dd =EL/Ad). In the 

same vein, Ad, which plays a notable role in the determi

nation of Dd not only correlates negatively with it (r = 

-0.46, Table 4), but also has a factorial complexity 

exceeding unity, since it loads moderately high on more 

than one component in the varimax-rotated principal 

componel}t rnatrix (Table 6). Also, operator variance in 

rel,iition to the identification and exact delineation of 

stream channels could to some extent, account for the 

variance in the .total drainage density. 
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The ut.ility of the cornmunality index is not limited 

to the diagnostic variables, for o:n tI:ie other extremeu it also 

reveals the variables wi th very low values of h2 9f which 

much of the variance is not accounted for by the signifi

cant components. Hypsometric integral and bifurcation 
.;. " 

ratio recorded very low cornmunality values (0.68587 and 

0.72738 respectively). The.four components failed to 

explain as muchas 31.41% and 27.26% of variance in HI 

and Rb2 respectively. Explanation for the high proportion 

of unexplained variance in these cases derives from a com

bination of operator and unique variance which cannot be 

fully circumvented. 

Opera~or variance stems from the fact that in any 

experimental investigation, the experimenter i~ part o~ 

the experiment. Inevitably, some variance may creep into 

the analysis either through the shortcomings of measur

ing parameters or through some variations that derive 

from the experirnenter' s subjective psychologicai disposition. 

Unique variance is a normal errer term intrinsic to the 
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issue under investigation which gives an idea of the degree 

of accuracy that could only be expected from the statistic 

applied. Drainage network analysts are aware of limitations 

introduced by the unique and operator variance. For 

instance, it has been maintained that: 

"the most difficult problem is to 
determine correctly the number of 
streams of f irst order, especially 
in large basins, for which the con
grui ty of cartographie documents 
with the terrain must be 
ascertained 11 

• 

(Zavoianu, 1985, p. 48). 

How~vei, the contour crenulation technique applied 

in this work mitigated the influence of the above limita

tion, otherwise, the proportion of variance not accounted 

for by the four components could have been more than the 

values calculated. 

The h 2 for hypsometric integral is notably low 

(0.68587). This is a·clear indication that the morphome

tric analysis has not adequately taken care of the third 

dimension (or relief) of the basin morphology. This high

lights the inadequacy of using essentially two-dimensional 

morphometric techniques to analyse three-dimensional solid 

geometry. This inadequacy will be remedied by recourse to 
,. 

hypsome~ric analysis (demonstrated in Chapter 5). 
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CHAPTER 5 

HYPSOMETRIC ANALYSIS 

The need to make up for the limitation of analysing a 

three-dimensional figure with two-dimensional techniques 

necessitated the choice of hypsometric analysis. Th~ dif

ferential elevation of our study area is pronounced 

enough as to validate the operational and fundamental 

basis of such a technique. The morphometric analysis of 

Chapte:t 4 left much of the variance in some relief-related 

variables (particularly, HI) _unexplained (Section 4.3) 

hence stressing the need for the use of a proper comple

mentary ~echnique of analysis to highlight the import of 

these variables. In order to satisfy the above need, 

this chapter concentrates on the application o'f som.e highly 

ql.lantitative techniques to relief through hypsometric 

......_ 1 . ana ys1.s. The applic~tion yielded relevant indices which 

further elucidated both basin solid and surface geometry. 

5.1 The Concept of Hypsometry: 

The idea of relief as differential elevation was further 

amplified to mean "the totality of :)..andforms in a given 

drainage basin (Zavoianu, 1985, p. 22). Landform characteris~. 

tics are viewed as a function of not only the evolutionary 
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process but also of the interaction between external and 

internal factors. The genesis of the substructure is 

largely accounted for by tectonic activities that opera

ted in the distant past. External processes relentlessly 

modif;y the landscape over time and consequently, landform 

~ssemblages at a particular time ar~ evolutionary com-

plexes. The cumulative imprints of surficial processes, 

to a great extent, determine the shape of lanqforms. 

Relie[ is closely related to a drainage basin's poten

tial energy which decreases gradually with erosion. At the 

drainage basin level, the cumula.tive effect of erosional 

agents gives an indication of the changes in drainage basin 

form over time. The rate of flow of matter and .energy in 

,the dr~inage basin can be inferred from a detailed morpho

metric analysis of the basin's surface geometry. Such a 

morphometric exercise, involving detailed mathematical ana

' lyses of basin configuration, is what Clarke (1966, p. 237) 

referred to as "hypsometry", defined as "the measurement of 

the interrelationship of area and altitude". 

The technique of hypsometric analysis was popularized 

in draina~e basin studies by the early works of Langbein 
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(1947) and Strahler (1952b). Later, the technique was 

elaborated, refined and empirically demonstrated by 

Coleman (1954), Clarke and Orrell (1958), Clarke (1966) 

and Eyles (1971). Hypsometric analysis gives rise to 

three main curves, which are: the area-height~, absolute 

hypsornetric- and perc~ntage hypsornetric curves 

(Monkhouse and Wilkinson, 1971) and the application of 

this technique has been variously reviewed by Evans 

(1972), Mark (1975) and Zavoianu (1985). 

i 

Hypsometric analysis subsumes a group of techniques 

for highlighting the relationship between the vertical 

and areal attributes of the landscape. The results are 

conventionally presented graphically and the patterns of 

distribution of the attributes are statistically anaitsed. 

The shapes of the resulting èurves are given geomo~pholo

gical interpretation and can be further analysed using 

the mathematical technique of integration. 

For a group of areas, _the fr~quency of altitudinal 

distribution could be plotted against the corresponding 

areas to yield an altirnetric frequency histogram. · When 
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altitudes are plotted against basin areas lying above th~ 

various altitudes, the result is a hypsometric curve. The 

plotting can be accomplished by using absolute altitude 

and areal values to produce an absolute hypsometric curve. 

But, more commonly, the exercise i_s carri~d out using 

relative values, in which case, cumulative relative heig~t 

(h/H) is plotted against cumulative relative a~ea 

(a/À) • 

The height of a given contour is defined by'h'; ·~· 

is the basin relief; 'a' is the areal extent of a given 

height and 'A' is the total basin area. When relative 

values are used, the result is called a percentage hypso

metric curve. This method uses dimensionless values 

making it pos~ible to 6ompare the hypsometric curves of 
. \ 

different drainage basins. 

Finally, the third major type of curve that results 

from hypsometric analysis is the area-height curve. In 

this case, each chosen height is plotted against the per

centage c .: the corresponding are a. 

The usefulness of hypsometric analysis derives from 

the fact that, in hydrological and erosion investigations, 
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the shapes of the resulting curves can be an indication of 

the g~omorphological evolution of the drainage basin 

(Langbein, 1947; Strahler, 1952b; Schumm, 1956). The evo~ 

lution as seen at a particular time indicates the volume 

of solid materials already removed from the basin. it has 

been argued that the curves do not contain much information 

about certain relief features, such as slope discontinui

ties, platforms and scarps which are not at the same alti

tude throughout the basin area (Zavoianu, 1985). But, at 

the empirical level, hypsometric analysis is an objective 

method for the derivation of useful information on the 

solid geometry of the drainage basin, notwithstanding the 

extreme laboriousness and tedium involved. The procedure 

for this exercise, as well as the results and implications 

are demonstrated in Sections 5.2 and 5.3. 

5.2 Empirical Demonstration: 

The délimitation of sub-basins was consistently guided by 

contou~ patterns. T4ere are various ways of accurately 

determin~ng the planimetric areas on topographical maps and 

Gardiner (1981) noted that these methods range from the use 

of planimeter, dots and squares to the use of a digitizer 

aided by a computer. 
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While advancing the techniques of hypsometric 

analysis, Haan and Johnson (1966) developed the grid

square method. One variant of this method is based on 

the use of a net of points distributed uniformly and 

with a certain density on a tracing paper. The tracing 

paper (having the dots) is super-imposed on the outlinè 

of the area to be measured. Depending on the scale of 

the map, a conversion factor is applied to the result

ing dot-density and from this application, the area is 

derived. In addition to the result comparing favourably 

with that obtained through the use of a planimeter, the 

qrid-square method has an additional advantage of redu

cing cb:,;2utation time by four to ten times (Zavoianu, 

1985). 
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In our present work, the grid-square method was used 

.for areal calculations from the base maps and so the 

areal data used for the area-hei~ht analysis were calcula

ted through this method. The topographical maps used in 

this work (Appendix E) had contours numbered in feet. It 

was found convenient to divide the relief of the study area 

into six classes using a vertical interval of 76.2m (that is, 

250 feet). This is why a vertical interval of 76.2m was 
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used to divide the basins into altitude classes and the 

geometrical figures that fell under these classes formed 

the outlines whose areas were to be measured. As al+eady 

noted in Section 2.4, squared transparent overlays (lcm 2 

èquivale .. ~t to O. 25kin 2 on the ground) were super-imposed 

on the various outlines. In each basin, these outlines 

represent the proportions of the basin that fall within 

the 76.2m height intervals specified in the first column 

of Tabble 11. The squares were then counted and those 

not completely enclosed by the outline were accordingly 

approximated. The scale of the map was applied to the 

value to derive the area of the figure. The detailed 

results of the area-height analysis for each of the 27 

basins are presented in Appendix K. For a more meaning-

. ful morphological interpretation for the whole of the 

Aboine basin, these re~ults had to be aggregated, and this 

aggregay/.on led to the synthesis of Table 11. 

The frequencies of the altitude classes in the 27 

sub-basins, together with the corresponding total area for 

each of the classes are shown in Table 11. The data in 

the second and third columns were used to construct an 
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altimetric frequency histogram shown in Figure 12. Also, 

altitude was plotted against basin area. In this case, 

TABLE 11: Area-height analysis for the Aboine 
basin 

Heights Frequencies Total area % of total 
(in metres) out of 27 (km2) in Drainage 

basins each class area 

381. 0 < 457.2 1 1. 43 0.07 

304.8 < 381.0 1 2.87 0.14 

228.6 < 304.8 2 3.98 0.19 

152.4 < 228.6 11 47.55 2.24 

76.2 < 152.4 23 891.10 41. 97 

< 76.2 22 1176.20 55.40 

Aa == 212 3 . 13 km 2 190.01 

the areal extent of each class interval was related to tpe 

.total basin area to arrive at the percentage coverage, The 

midpoints of the various class intervals were finally plot

ted against their corresponding percentage areal coverages, 

The result of this exercise is graphically shown in Fig~re 

13. 
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The six rows. of columns three and four in Table i1 

show the partial areas'ai'· The percentages (p), on the 

abscissa of Figure 13 were derived using the following 

equation: 

P = 100 a/ t 
i=l 

a· 1. (19) 

where 'a' stands for each of the partial 

areas as defined by the altitude classes, 

while ~ai is the total area of the 

basin. 

In simple terms, Figure.13 is a direct plotting of the 

altitud~~al increments against the partial areas. But from 

a geomorphological point of view; the most import~nt curve 

that results from hypsometric analysis is the hypsometric 

curve, which is the plotting of cumulative basin altitude 

against cumulative basin area, either in absolute·or in 

relative terms. In order to derive a hypsometric curve of 

absolute units, cumulative altitude values are plotted 

', against their corresponding cumulative areal values. An 

absolute hypsometric curve is useful in the analysis ·of 

the solid geometry of one particular basin perse. 
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Absolute areal and altitude values are used to derive 

the absolute hypsometr~c curve. Such çurves vary in shape, 

primarily due to variations in areas of different basins~ 

Since the basins are not of equal sizes, a cursory look at 

the curve may not give a quick indication of the solid geo

metry of the basins. This limitation of the absolute 

hypsometric curve stresses the need for standardization. 

Such a standardization will pxovide an index of basin soliq 

geometry irrespective of basin sizes and units of measure

ment. The standardization of areal and height values makes 

it possible for the resulting hypsometric curve to be 

easily compared with such curves derived for other basins. 

When areal·and height values are in relative terms (that is 

st~ndardized), the resulting relative or percentage hypso

metric curves offer the basis for the comparisons of d~at

nage basin solid geometry. 

Irrespective of basin shapès and sizes, standardization 

makes the percentage hypsometric curve prefexrable for 

comparability among several basins. As already noted in 

Section 5.1, the percentage hypsometric curve is arrived at 

by plotting the ratio of cumulative height to basin relief 
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(h/H) against the ratio of cumulative area to total basin 

area (a/A). Conventionally, the plotting is accomplished 

in such a way that, on the ordinate, cumulative heights 

increase from 0.00 for the highest point in the basin to 

1.00 for the local base level, while on the abscissa, cu

mulative areal values increase from nearly 0.00 embracing 
.,; 

the least of the basin area to 1.00 embracing the whole 

basin area. This exercise was empirically demonstrated· 

for the Aboine basin an4 the result is graphically presen

ted in Figure 14. 

5.3 Interpretation of Hypsometric Curve: 

As a graphical representation of the solid geometry of the 

topography, hypsometric curve is a good in~ex of avai~able 

~elief. The curve,· as a reflection of the static relief, 

sununarizes the erosional history of the landscape being 

depicted. Multiple possibilities of interpretation are 

offered by hypsometric analysis especially in relating the 

form of the hypsometric curve ta the geomorphological 

evolution of the drainage basin (Strahler, 1952b; Schumm·, 

1956; Zavo:i.anu 1985). The curve of the static topographi

cal surface as derived at a particular time, is a function 
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of the dynamic geornorphological processes that relentlessly 

rnodify the landscape. In simple terms, what r.emains of the 

landscape is a reflection of how much of the topographie 

rnaterial that has been removed by the rnodifying agents. Tpe 

hypsometric curve graphically defines the rernnant landscape 

at a given time (that is, at the time of the aerial survey 

frorn whic;:1 tho topographical map used for the hypsometric 

analysis was made). 

Qualitatively, in the classical Davisian terminolo

gies, a convex hypsometri~· curve depicts youthfulness, with 

much solid material yet to be eroded by the dissecting 

rivers. Conversely, a concave curve implies senility, with 

comparatively less solid material liable to erosion. Midw~y 

-between the two extremes, a curve which is neither convei 
·-

nor concave sirnply shows rnaturity (Strahler, 1957). The 

curve for the Aboine basin (Figure 14) is concave showing 

that much of the topographie material has been removed by 

erosion, and this confirrns the altimetric frequency distri

bution of· Figure 12 which is posi ti vely skewed ( Sk = 0 .,2 0) 

since it has relatively more values below the rnean height 

(h = 108•04m). 
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In order to validate the inference, the qualitative 
' 

interpretation of the hypsometric c~rve has to be but-

tressed with some quantitative facts. That is why hypso

metric anàlysis has to be brought toits logical conclu

sion through the application of mathematical tool of 

~integration. With the percentage hypsometric curve of 

dimensionless values, integration (whether mathematically 

or graphic~_ly executed) leads to the derivation of an 

index known as thelHypsometric Integral (HI). This index 

not only indicates the volume of topographie surface 

relative to that already removed by erosional agents but 

also serves as a useful measure for inter-basin compari

son (Chorley and Morley, 1959; Eyles, 1971). This is a 

major reason why the percentage hypsometric èurve of 

dimensionless values from which the HI is derived, is 

preferred to the hypsometric curve of absolute values. 

From the foregoing, the best single index quantitatively 

derived·from the hypsometric analysis is the HI. 

Algebraically, the HI is expressed as: 

~ 
·_m 

[. \ 

hp 

( 2 0) 

where the highest point (hp) in the 
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basin is the lower limit, and the 

basin mouth (bm) is the upper limit, 

Ac-is the area under the hypsometric 

curve, while AR is the total area of 

·the rectangle defined by the maximum 

iim~~sions of the abscissa and the 

ordinate in Figure 14. 
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Thus, Ac gives an indication of t.he volume enclosed 

by the topographie surface (equivalent to the curve) and 

the horizontal plane passing through the basin mouth 

(equivalent to the abscissa). The ratio of Ac to AR 

simply defines the HI, and the application of equation 

(20) to the Aboine basin (Figure 14) led to the derivatiqn 

,of J= 0.33. Similarly, in Romania, Zavoianu (1985) 

'.arriveèi at S= 0.245 for the Ialomita Basin, S = 0.56 for 

the Staneasca basin, and S = 0.55 for the Trepteanca 

basin. In another analysis, Clarke (1966) .derived §= 0.43 

for the tqJog;aphy of Guernsey of Channel Islands and J 
= 0.44 for 1 Gozo in Malta. 

The hypsometric integtal shows the available solid 

mass, but the "complement" of the HI is equally important. 
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This complement shows the volume of materiai removed by 

erosion and is termed the.Erosion Integral (EI). Clarke 

(1966) referred to the EI as t.he "inverse" of HI, but 

this designation is rather a misnomer. This is because, 

mathematically, the HI-l (that is, the inverse of HI) 

does not define the ratio of the area above the hypso-

metric curve to the total area of the rectangle delimited 

by the dimensions of the ordinate and abscissa of Figure 

14. -1 The HI perse cannot give an indication of the 

volume of material. removed by erosion and so should not 

be equated with the complement of HI. The sum of both 

the HI and its complement èquates the total area circurn

scribed by the full dimensions of the rectangle in Figure 

14. In erosion studies, the complement of the HI is of 

·( ,;: :;, m.ore practical relevance than its II inverse" which is a 

mere mathematical function. The initial volume of land 

mass is geometricàlly defined by the product of the co

ordinates, which is. the rectangular figure. The difference 

between the original landmass and the volume, which is the 

area under the hypsometric curve corresponds to the 

erosion integral. In other words: 
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where Elis the Erosion Integral, 

AR and Ac are as defined in equation 

{ 2 0) • 

(21) 

The erosion integral èalculated for the Aboine basin is 

'~ 0.67 (that is, 1-HI or 1-0.33). Both the HI and EI 

have wide geomorphological implications in terras of inter

p~etation. In a geological work, Simpson (1954) adduced 

evidence to support a claim that after the Tertiary ~p

lift which gave rise to the Okigwe-Abakaliki Anticlinorium, 

much of south-eastern Nigeria had been planated at least 

once before the current geomorphic cycle. Thus, the w~ole 

region, inclu~ing our study area, was virtually level due 

to the post-Tertiary planation. This post-Tertiary surface 

approximates AB of Figure 14. This shows that among the 

fourth-ord,:_,irbasins of the Aboine network, as muchas 67.00% 

of the topographie mass has been removed by erosion as 

indicated by the El which is 0.67. On the other hand, only 

33.00% of the original solid mas~ is left. as indicated.~y 

the HI which-is 0.33. The above hypsometric indices are 

indicative of pronounced erosional activities in the Aboine 

basin. 
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The existence of relatively more numerous compact 

Aboine networks (and fewer elongated ones) identified .iµ 

Section 3.3.4 was confirmed by both the shape variate of 

Section 4.2.3 and the hypsometric indices under consi-

deration. In compact basins, floods travel more rapidly 

with greater capacities to erode and transport materials, 

with the result that the volume of topographie mass is 

greatly reduced in more compact basins. The severity of 

fluvial erosion observed during the field work also 

confirms the compact nature of most of the Aboine fourth

order basins and the low hypsometric integral quantita

tively der~v~d in this work. 

The EI is a very useful palaeogeomorphological 

index in that it gives an indication of.the rate at which 

denudational proces~es have ope+ated over time. The usua~ 

qualitative and descriptive studies oti planation surfaces 

can now be corroborated quantitativelythroughhypsometric 

analysis that culminates in .the derivation of the erosiôn 

integral. The hypsometric indices (HI and·Et) can ser~e 

as useful adjuncts to the ieconstructionofpalaeo

surfaces. These indices are not only useful in 
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palaeogeomorphology and geochronology, but can also form 

the basis for temporal analysis involving relativ~ly 

shorter time spans. For example, the hypsometric integral 

(say HI1965) ·calculated in the present work reflects the 

topographie surface as at the early 1960s perse when most 

, of the aerial coverages were carried out. If an aerial 

photo-coverage carried out in the 1990s gives rise to 

another series of topographical maps, then such map series 

can be used to derive another hypsometric integral (say 

HI1995). The difference between the two His will directly 

reflect the extent of topographie transformation (whether 

lowering or accretion) over the intervening period (30. 

years in this hypothetical case). 

Having complementarily utilized topological, morphome

tric and hypsometric analyses (Chapters 3, 4 and 5 respec

tively), the implications of the results are presented in 

Chapter 6 in order to bring the work to a completion. CODESRIA
 - L

IB
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CHAPTER 6 

CONCLUSION 
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Before drawing a curtain over this work, it is pertinent· 

to recapi~ulate the major issues that ernerged and high

light both the theoretical and practical imp1:j.cations of 

these results. 

6.1 Findings and Implications: 

Characteristically, this work has a high theoretical re

solution. Scientific knowledge is always conceived, en

gendered and nurtured purely at the theoretical level 

before being empirically demonstrated for practical appli

cation. The erection of valid theoretical constructs 

basic to applied work requires enormous intellectual 

effort and analysis. The success of environmental 

(applieo~ programmes aimed at an optimum, balanced use of 

our natural resources, to a great extent, depends on the 

dialectical articulation of pure, factual and functional 

information. 

This investigation has yielded pure hydromorphologi

cal details which are fundamental to practical development 

of the hydro1ogical and agricultural potentials of the· 
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Aboine river basin. There is no doubt that our findings 

are valid for the enetire Aboine networks developed on 

the ~ross River Plains and under-

lain by a virtually homogeneous geological sub-structure 

(shale). This is irrespective of the fact that some 

fourth-order networks of the Ikwo headwaters (Figure 3). 

were not studied. There is no compelling reason to 

suggest that the Ikwo network would radically ·depart from 

the general pattern o~ the entire Aboine sub-networks. 

Geological uniformity and super-imposed drainage pattern 

characterized the Aboine basin. A survey of _over 95% of 

the Aboine fourth-order sub-basins upholds the unity con~ 

cept making the conclusions valid for the whole basin. 

Along the diameters, the preponderance of trans

links (SS.li%) over cis~links (44.89%) is an indication 

that the Aboine dendritic network is free of structural 

control. The drainage pattern confirms the geologicai 

uniformity of the area as well as the geological super

structure of deeply weathered regolith. The regolith 

forms the topographie mass which the dissecting rivers 

traverse. Highlighting the relationship between these 
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rivers and the material on which_they flow was a major 

focus of our fluvial investigation. The strong causal 

influence of the area's humid tropical climate on the 

regolith was also noted, particularly with respect to 

·the red-yellow ferralsols that characterize the area. 

Topographie details can be combined with·the Kopp~n's 

-, Af climatic type experienced in the area to derive fun

damental data necessary for general land use planning 

and ecological conservation. The highly friable nature 

of the soils of the Shale underscores the suscepti-. 

bility cf most of the Abotne headwater zones to intense 

dissection. The knowledge of this lithological vulne

rability to active erosion can be utilized to.design 

programmes to stabilize the slop~ through aforestation 

and erection of concrete structures. Agricultural land 
/ 

use policies can also be designed to ensure that fluvial 

erosion along stream channels is not accelerated by the 

land use. 

The E-index which was statistically found to be, 

positively skew~d (0.67) shows that majority of the 

basins are compact and only few are elongated. The 

fourth-order networks of the Aboine basin have links 

'· 
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totalling 2,639 super-imposed over an area of 2,123km 2 • 

Both the compact nature of most of the basins and the 

numerous links are of much hydromorphological signifi

cance. Floods concentrate more quickly in the compact 

basins (unlike in the elongated ones) and have grèater 

potentials to erode. This is important especially in 

relation to agriculture and other activitiescapableof .. 

intensi.fying fluvial erosion. The areas's 1,600-2,SOOmm 

of mean annual rainfall (with the driest month having 

~29mm) faveurs both root·crops and tree-crops. However, 

numerous links that traverse the area could be of great 

hydrological implications for irrigation especially with 

respect t0 the production of grain crops (such as rice) 

which need plenty of water and some species of beans. 

Against the backdrop of process-form analysis, the 

work underscored the introduction of dynamism and trend 

to the static forms. It was established and demonstra-

ted that the degree of operation of the causative proces

ses can be reasonably inferred from the configuration ,of 

the forms, which was in turn, deduced through geomorpho~ 

metry. The scientific analysis of geomorphometric 
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properties revealed the surface morphology and gave an 

indication of the trend of topographical evolution under 

the action of the modifying processes. In the Aboine 

basin, it was empirically deduced that this evolution is 

de~radational and the fluvial processes are actively 

lowering the basin surface. This basic knowledge about 

the inexorability of the processes as well as their sus

ceptibility to accentuatio~ by human interference is 

necessary in order to control landicape evolution. It is 

possible to exert this control by cautiously executing 

various land use activities which otherwise intensify the 

transforming processes. Hence, the methodological arti

culation of the theoretical knowledge of landscape dyna

mics provides a convenient basis for applied work. The 

demons_tration of the relevance of the fundamental ideas 

is unique .about the findings of our investigati·on. 

This work methodologically and didactically demons

trated the application and refinement of multivariate 

statistical tools. With the aid of Principal Components 

Analysis, the chronic issue of proliferation of ge6mor

phometric pa~ameters was meaningfully and objectively 
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addressed. Using the fourth-order basins as our spatial 

framework, the eigenvalues for four principal components 

accounted for 88.04% of the total variance among 15 mor

phometric variables. Operationally, drawing the work to 

a ·logical terminus, the cormnunality index revealed that 

N1, Dd, Re and h are the diagnostic variables underlying 

the tour components respectively. This exercise is a 

contribution towards the ~earch for an objective method 

of eliminating redundant variables while isolating the 

diagnostic ones. This application represents an advance

ment of the efforts at grapling with the multiplicity of 

variables through the use of Multivariate techniques as 

already discussed in Sections 2.5 and 4.1. 

Our morphometric work with the fourth-orderbasins 

(instead of the conventional third-order basin~ so far 

used in Nigeria) gave rise to interesting discoveries. 

The over-~iding predominance of Stream Network Size 

Variate as the most important component accounting for 

the lineal characteristics of the morphometric variabl~s 

is particularly noticeable. The component-defining 

variable - the number of first-order stream segments (N1) 
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positively and significantly correlated with drainage 

area (r = 0.75). This observation strengthens our 

thesis tha~ the scale of analysis is a factor in the 

determination of diagnostic variables. This is a 

challenging revelation in relation to the choice of 

~basin order on which morphometric analysis ~s to be 

carried out. 
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Uniquely, this investigation is also an empirical 

demonstration of how morphometry could be complemented 

with hypsometry. The various mathematical computations 

necessitated by the area-height analysis yielded rele

vant graphs summarizing much of the basin solid geometry. 

The hypsometric curve of dimensionless values was used 

to algebraically derive a unique and ultimate index -

the hypsor: .. stric integral, .S = 0. 33. The implications 

are obviously wide. The resulting curve which is con

cave and buttressed by the low value of the integral 

shows that much fluvial erosion has taken place in the 

Aboine basin. The volume of topographie material 

available for lowering by the denudational agents is now 

virtually low. 
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This finding is corroborated by the resùlt of erosion 

tntegral (EI = 0.67) which is a complementary index to the 

hypsomet~ic integral. The observed incidence of erosional 

activi ties along the channel-way and in the h,eadwater zones , 

is capable of complicating and thereby, worsening the 

implications of the values of the EI and HI calculated in 

this work. This trend stresses the need for consciously 

stabilizing the slope. Land uses capable of accentuating 

erosional processes also need to be executed with caution. 

Hypsometric indices were calculated for the Aboine basin. 

The present work quantitatively derived the volume of 

topographie mass enclosed between the highest peaks and 

the network outlets of the fourth-order basins. Also, the 

volqme of topographie mass removed by fluvial eroston 

since the post-Tertiary period was hypsometrically derived 

for the Aboine basin. The results of our pioneering effort 

not only provide a base for temporal work in the- Aboine 

basin but also s~rve as indices for comparison with other 

basins. Sequel to the implications of the above findings 

is the disclosure of some research themes that should be 

pursued by future investigators. 
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6.2 Issues for Further.Exploration: 

In addition to advancing the research frontiers of the 

discipline, this work epistemolog~cally opened up some 

challenging research vistas that could be very viable for 

further exploration . 

The history of science reveals that paradigms expe

rience a continuous refinement in the light of newly dis

covered · facts. Four diagnostic variables were inductively 

found to signif icantly account for the variance in drainage 

basin morphometry. The four components left as muchas 

16.84% of variance in Dd unexplained. Though the devil's 

own vari~~le might be coritributory to this lapse, yet 

further enhancement of the techniques of identifyin9 

and delineating the first-order streams will definitely 

inc+ease the accuracy of the cumulative stream length and 

thus the accuracy of the total drainage density. Further 

work can be carried out at an individual basin level in 

order to verify the exact basin delimitation ~nd the 

accuracy of basin morphometric parameters such as the' 

number and lengths of first-order streams. Such a purely 

field-based work will possibly reveal the source of errors 
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and thereby explain why the four components accounted for 

a low percentage of variance in the total drainage densi ty. 

Methodologically, this work put forward a thesis 

founded on the premise ~hat the scale of analysis is a 

factor in morphometric work. In other words, the basin 

~ order at which analysis is resolved can stifle or accen

tuate the contribution of source v~riables, and indirectly 

influence the combination of relevant variables. Most 

morphometric investigations in Nigeria have been resolved 

at the third-order basins. The Aboine network is of 

Strahler's eighth-order, and our analysis was only based 

on the.fo_rth-order sub-basins, implying that future ex

ploratory morphometric work can still be resolved at the 

other order levels. A wide horizon still exists fo·r ex

ploration and confirmation (or otherwise) of the infl~ertce 

of order-resolution on the isolation of diagnostic 

variables. 

Currency in a virile discipline such as geomorphology is 

tested .by the degree of enhancement of the epistemology · as 

well as the analytical techniques. It is a sound princip+e 

that the landscape as it is could be studied with the 
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processes that have operated over time in order to eluci

date the ecological links among geomorphological pheno~e

na. Much work can still be carried out in this direction 

especially to evaluate the contribut_ion of anthropic fac

tors in accelerating or modulating fluvial processes. 

~ The empirical rigours of this work clearly betray a 

conspicuous lacuria. The genetic aspect of geomorphology 

which primarily extrapolates the trends of past and 

future lan~for~ developments has been stifled by methodo

logical constraints and lack of basic information. Using 

the 1: 50,000 topographical maps (of 1965), our hypsometric 

analysis yielded a hypsometric integral, s= 0.33 whic4 

summarizes the static solid geometry of the Aboine drainage 

basin. This integral is a benchmark for genetic analysis. 

It is a stepping stone for both introspective and retros

pective landform extrapolation. 

Our hypsometric indices were derived from the 1965 

maps. However, future analysts canuse other more recent 

topographical maps (if they are available) to dérive hypso

met=ic indices that would reflect the cumulative effects of 

·' erosional 1~)rocesses that had acted in the Aboine basin 
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stnce 1965. With the information on the volume of land

mass eroded over a given period, it will be possible to 

pr'.edict the trend of landscape evolution over a pa:rticu

lar time in the future, given the current processes at 

work. 
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This work appreciates that temporal topographical 

analysis will be given an impetus by the production of 

new medium- and large-scale topographical maps to be used 

in conjunction with the 1965 series. Then, with the in

put of the same amount of analytical rigours, Nigerian 

morphometric work carried out with large-scale topogra

phical maps will enjoy the same status and recognition as 

those.done in the United States of America and Britain. 

6.3 Conclusion: 

Scientific knowledge is always conceived, engendered and 

nurtured purély at the theoretical level before being em-

' pirically demonstrated fàr practical application. The 

present wo:tk was notably pre-occupied wi th the erection , , ; 

of valid theoretical constructs basic to applied work. It 

is when relevant concepts in fluvial geomorphoiogy are 

well-articulated at the theoretical level that they can 
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be translated into practical societal relevapce. The 

present work attempted providing the theoretical 

foundation for the superstructure of applied geomorpho

logy in the context of the drainage basin. Economie 

development programmes invariably involve a spatial 
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~transformation capable of accentuating fluvial processes. 

The 2,639 links traversing 2,123km 2 could be of 

great hydromorphological implications for irrigation. 

Land use planning in the Aboine basin can greatly benefit 

from the resulting details about the inexorable processes 
1 

as well as their susceptibility to accentuation by human 

interference. There is no substitute for a clear appre

ciation of the theoretical basis of drainage basin dyna

mics on the part of our river basin-development 

authoritie-s. 

This work has demonstrated the application and refine

ment of multivariate statistical tools. In addition to 

advancing the research frontiers of fluvial geomorphology, 

the work epistemologically opened up some challenging 
·, 

research vistas that could be very viable for further ex-

ploration. The thesis founded on the premise that the 
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scale of ·analysis is a factor in morphometric work, em

pirically deservesconfirmation (or otherwise) by drainage 

basin analysts. 

Basic topological; morphometric and hypsometric 

indices were derived from the Aboine basin. The didactic 

demonstration of the complementarity of these analytical 

techniques is in no way definitive, and so, no rigid and 

permanent status is implied. Ourmethodology is therefore 

open·fo: further exploration, amplificationandrefinement 

with a view to enhancing the theoretical statusof fluvial 

geomorphology. 
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APPENDIX A: LIST OF VARIABLES 

Magn.i tude, number of stream sources. 

Total length of first~order streams (Km) • 

n 

Î=l A1 /N 1 = Mean area of first-order 

basins (km 2 ) • 

N1 /N 2 = Bifurcation ratio. between the 

first- and second-order stream segments. 

Nl + N2 + N3 + N4 = Total. nurnber of 

strearn segments, from the first- to the 
fourth-order. 

Ll + L2 + L3 + L4 = Total length of 

stream segments, from the first- to th~ 
fourth-order (Km) . 

4 4 . 
L L/ L. N = Mean stream length, from 
i=l i=l 
the first-order to the fourth-order (Km). 

Drainage area, that is, at the fourth
order level (Km 2 ). 

h.max-h.min. = Local relief (m). 

i~l L/Ad = Total drainage density at the 

fourth-order level (Km/Km 2 ). 

Diameter of circ le wi th same area as ba.sin 
Basin tength. 

= Elongation ratio. 

Area of basin 
Area of circle with same perimeter as basin 

4ïiAd = Circularity ratio. 
pb2 
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14 

15 

d 

E 

HI 

= 

= 

= 

Network diameter. 

E-index. 

Hypsometric Integral. 
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APPENDIX B: AIR-PHOTO SOURCES FOR THE TOPOGRAPHICAL MAPS 
USED 

[1] Shell B.P., Nov.-Dec., 1950, 

1 (2] Aircraft Operating Company (Aerial Surveys) Ltd., 
March-April, 1959. 

[ 3] CanadL:.n Aero Service Ltd., Photogrammetric Engineer$, 
Ottawa and Pathfinder Engineering Ltd., 
Vancouver, Dec., 1961. 

[4] Fairey Air Surveys Ltd., April-May, 1962. 

[5] Hunting Surveys Ltd., January and April, 1961; 
Dec., 1963. 
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APPENDIX C: ADMINISTRATIVE/THEMATIC MAPS USED 

Il] Benue State of Nigeria (Administrative Divisions) 
1:500,000 (including part of Kogi State). 

'[2] Administrative Map of Anambra State 
1:250,000 (including Enugu State). 

[3] Imo State, Administrative Map. 
l:250,000 (including Abia State). 
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APPENDIX D: THE GEOLOGICAL MAPS USED (PUBLISHED IN 1957) 

[ 1] Nigeria 1:250,000 Geological Series, 
ENUGU Sheet 72. 

[2] Nigeria 1: 250,000 Geological Series, 
OGOJA Sheet 73. 

;.; 

[3] Nigeria 1:250,000 Geological Series, 
UMUAHIA Sheet 79. 

[4] Nigeria 1:250,000 Geological Series, 
OBAN HILLS Sheet 80. 
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APPENDIX E: 1:50,000 TOPOGRAPHICAL MAPS USED 
(PUBLISHED IN 1965) 

[ 1] Nigeria 1:50,000, Sheet 288, Igumale SE, 

[ 2 J Nigeria 1:50,000, Sheet 301, Udi SE. 

[3] Nigeria 1:50,000, Sheet 302, Nkalagu NE, 

sw. 

'' 

SE, sw, 

[4] Nigeria 1:50,000, Sheet 303, Abakaliki sw, NW. 

[5] Nigeria 1:50,000, Sheet 313, Afikpo, NE, SE, sw, 
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NW. 
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APPENDIX F: AIR-PHOTO SOURCES FOR THE GEOLOGICAL MAPS 
USED 

[1] USAAF 1943. 

[2]· RA F 1949. 
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·"-[ 3] Aircraft Qperating Company of Africa,. Johannesburg, 
1950. 

[4] Federal Survey Department 1952, 1953, 1954. 
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APPENDIX G: CALCULATION OF THE BASIN AREAS (A1 , A2 , A3 
and Ad or A4 ) AND THE MEAN BASIN AREAS (Au) 

DRAINED BY THE VARIOUS BASIN ORDERS (Au= 

Basins 

1 
-;. 2 

3 
4 
5 
6 
7 
8 
9· 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

n 
~ A /N, where A is the total area 
i=l u u u 
drained by strearns of a given order and Nu 
is the nurnber of strearns in that order) 

Al Al A2 
(Krn 2 ) (Krn 2 ) (Km 2 ) 

42.25 1.28 47.25 5.25 79.25 39.63 
46.50 
34.50 
48.25 
19.00 
84.50 
18.25 
14.00 

9.50 

0.74 58.00 
0.60. 47.50 
0.75 50.50 
0.41 30.75 
0.56 114.25 
0.42 29.00 
0.24 18.00 
0.22 11.50 

-3.41 97.75 
3.39 65.88 
2.81 39.25 
2.20 11.75 
3.17 161.75 
2.64 24.00 
1.29 20. 75 
0.96 12.25 

25.00 0.31 
7.00 0.29 

16.75 0.48 

37.75 1.64 35.00 
10.75 
25.75 
17.75 
46.00 
36.00 
34.00 
21.75 
15.25 
27.50 

9.00 0.50 
50.75 0.46 
11.50 0.68 
22.50. 0.83 
33.50 0.93 
17.00 1.06 
14.00 0.56 

9.75 1.22 
24.25 2.69 
16.00 3.20 
64.75 2.49 
54.50 10.90 
25.50 4.25 
38.00 4.22 
18.50 3.08 
22.25 4.45 

35.25 
61. 50 
57.50 

113.00 

0.90 77.75_ 
0.92 94.50 
1.13 53~25 
1.07 133.75 

7 . .78 107.50 
4.97 84.75 
4.10 95.75 
4. 9 5 2 4 8 .• 7 5 

24.44 
21.96 
13.08 
3.92 
20.22 
12.00 
5.19 
4.08 
7.00 
5. 38. 
8.58 
8.88 
7.67 

18.00 
17.00 

7.25 
7.63 

13.75 
53.75 
21.19 
31. 92 
62.19 

85.75 
105.50 

80.63 
109.00 

47.75 
227.50 

34.00 
30.00 
16.75 
58.50 
20.25 
52.00 
26.75 

104.25 
85.00 
40.00 
66.00 
23.00 
28.00 

113.75 
133.00 
121.50 
299.25 

24 69.00 1.50 93.75 6.25 116.25 58.13 123.25 
25 13.75 0.40 12.75 1.82 34.75 17.38 38.25 
26 10.50 0.44 15.00 1.67 21.75 10.88 39.00 
27 6.25 

890.50 

0.67 

0.35 6.50 
1205.25 

0.93 11.00 5.50 14.50 
1502.88 2123.13 

A4 = 78.63 

CODESRIA
 - L

IB
RARY



191 

APPENDIX H: LOCATIONAL CHARACTERISTICS OF THE FOURTH-ORDER 
BASINS STUDIED 

S/ 
No Basin Name 

1 Ashinu R. (I) 

2 Ashinu R. (II) 

3 Ugberi R. 

4 Itumu R. 

5 Aboine R. (I) 

6 Akaduru R 

7 Ikam R, 

8 Aboine R. (II) 

9 Aboine R. (III) 

10 Aboine R. (IV) 

11 Aboine R. (V) 

12 Aboine R. (VI) 

Basin Description, LGA 
and Towns 

Okpowu LGA (Benue State), 
Isiuzo LGA, Eha Amufu 

Topo-Sheets 

(Enugu State) Igumale S.E. 

N.E of Eha Amufu, Isiuzo 
LGA; North of Agila near 
Ibende, Igumale; AdorLGA 
of Benue State. Igumale S.E. 

Ishielu & Ohaukwu LGAs, 
Amananto, Okpotoagu 

Ishielu, Ohaukwu & Ezza 
LGAs; Ohafia-Agba, 
Nkomofu 

Onicha LGA (Abia State), 

Nkalagu N. E. 

Nkalagu NE & SE 

Agbabor-Isu, Isu. Nkalagu S.E. 

Ezza & Ohaukwu LGAs, 
Ogboji, Okposi, Amuda 

Ezza LGA; Umueze Nkwo, 
Aghara 

Ezza LGA; Idembia 

Onicha LGA; Ezza LGA; 
Enyibichiri 

Onicha LGA, Onicha 
Uburu Ezza LGA, Umudame 

Onicha LGA, Ezza LGA, 
Enyibichiri 

Ikwo LGA, Okputumo, 
Amodu, Ezekwe 

Nkalagu NE&SE & 
Abakaliki NW&SW 

Nkalagu SE & 
Abakaliki SW 

Nkalagu SE & 
Abakaliki SW 

Nkalagu SE & 
Abakaliki SW 

Nkalagu SE 

Nkalagu SE & 
Abakaliki SW 

Nkalagu SE & 
Abakaliki SW 
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S/ 
No Basin Name 

13 Asu R. (I) 

14 Ata R. 

15 Idimo R. 

16 Irohia R. 

17 Iyi Akwa R. 

18 Olum R. 

19 Ide R. 

20 Asu R. (II) 

21 Ezia R. 

22 Asu R. (III) 

23 ·Asu R. ( IV) 

24 Asu R. (V) 

25 Ude R. (I) 

26 Ude R. (II) 

27 Ude R. (:UI) 

Basin Description, LGA 
and Towns 

Ohozara LGA, Uburu, 
Asumgbom 

Ohozara LGA; Okposi, 
Umuko, Obiozara 

Afikpo LGA, Amiyima, 
Okporojo 

Ohafia LGA, Agbaja 

Ohafia LGA, Umunato 
Ama Ekpu 

Bende LGA, Okoko Item, 
Ameke, Amaeze 

Isuikwuato LGA (Abia 
State), Umuanya, Otampa 

Awgu LGA, Mpu 

Awgu LGA, Nenwentan, Awgu 

Awgu LGA, Ohozara LGA, 
Oduma, Etu 

Nkanu LGA, Nara, Agbani 

Agbaraeze; Nkanu LGA, 
Ohozara LGA 

Enugu N & Nkanu LGAs, 
Onuba, Ugboba-Ani 

Enugu N & Nkanu LGAs, 
Ndiaguowa, Owo 

Enugu N & Nkanu LGAs 

192 

Topo-Sheets 

Nkalagu SW & 
SE & Af ikpo NW 

Nkalagu SE & 
Afikpo NE 

Afikpo NE 

Afikpo NW, NE 
& SE 

Afikpo NW, NE, 
SE & SW 

Afikpo NW & 

sw 

Afikvo SW & SE 

Nkalagu SW & 

Afikpo NW 

Nkalagu SW & 

Udi SE 

Nkalagu SW 

Nkalagu NW & SW 

N~alagu SE, SW 
& NW 

Igumale SW & 
Nkalagu NW 

Igumale SW & 
Nkalagu NW. 

.Igumale SW ___________ , _ _,_ __________________ .,__ _______ _ 
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CO V A R I A B L E S 
i: 

NI I:11 Al .,.; 
CO 
CC 

çQ 

01 33.00 55.50 1. 28 . 

02 62.00 71.50 0.74 

03 58.00 57.25 0.60 

04 64.00 86.50 0.75 

05 46.00 39.}0 0.41 

06 150.00 149.75 0.56 .. 

07 43.00 32.90 0.42 

08 58.00 36.00 0.24 

09 44.00 26.40 0.22 

10 82.00 64.50 0.31 

11 24.00 17.90 0.29 

12 35.00 32.70 0.48' 

13 18.00 19.30 0.50 

14 110. 00 97.00 o.46 

15 17.00 15.00 0.68 

16 27.00 29.20 0.83 

17 36.00 49.30 0.93 

18 16.00 14.40 1.06 
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APPENDIX I: MORPHOMETRIC DATA GENERATED FROM THEABOINE BASIN 
(AT THE SCALE OF, 1: 5 0, 0 0 0, VARIABLES ARE AS 
LISTED IN APPENDIX A); 

~2 i:_N LL 
.,. 
Ls A.a h Dd Re Re d 

3.67 45.00 94.75 2.11 85.75 68.58 1.11 0.50 0.40 21.00 

3.65 84.00 135.50 . 1.61 105,50 68.58 1.28 o. 77 0.56 21.00 

4.14 76.00 119. 25 1.57 80. 63 106.68 1.48 0.56 0.49 28.00 

3.56 86.00 161. 50 1.88 IO!l.:oo 106.68. 1.48 0.56 0.51 28.00 

3.29 64.00 74.50 1.16 47.75 64.01 1.56 0.82 0.70 17.00 

4.17 195.00 293.25 1.50 227.50 106.68 1.29 0.58 0.45 44.00 

3.91 57.00 -65. 30 1..15 34.00 85.34 1.92 0.56 0.42 25.00 

4.14 77 .00 64.75 0.85 30.00 70.10 2.16 0.61 0.65 23.00 

3.67 60.00 42.35 0.71 16.75 54.86 2.53 0.75 0.80 20.00 

3.57 111. 00 117 .oo 1.05 58.50 83.82 2.00 0.65 0.54 32.00 

3.00 35.00 36.15 1.03 20.25 54.86 1. 79 0.56 0.51 11.00 

3.89 48.00 70.10 1.46 52.00 54.86 1.35 o. 77 0.57 13.00 

3 • .60 26.00 38.35 1.48 2fr,.75 : 54. 86 1.43 0.61 0.38 10.00 
i 

4.23 143.00 181.50 1.27 104·.25 . 79. 25 1. 74 0.59 0.49 36.00 

3.40 25·.oo 49.30 -~- 1.97 85~00 67.06 0.58 0.69 0.51 9.00 

4.50 36.00 52.35 1.45 40 •. 00 . 160.02 1.31 0.47 0.34 17.00 

4.00 ; 49.00 91.25 1.86 66~.oo 160.02 1.38 0.64 0.51 15.00 

2. 67. 25.00 28.00 1.12 23'100 '. 160. 63 1.22 0.64 0.55 1.00 

'- '\ 

E HI 

6.58 0.203 

7.31 0.172 

10.18 0.398 
' 

9.45 .0.500 

6.12 0.344 

13.38 0.422 ... 
7.84 0.433 

6.87 o.soo 

5.99 0.500 . 
12.97 0.438 

4.00 0.500 

4.55 o. 50.0 

3.34 0.17,2 
,. 

12.05 0.360 

2.84 0.188 · 

5.37 0.422 

4.54 0.391 

2.48 0.438 CODESRIA
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I'/) 

f:: 
-.-1 
tO 
<li 

i:Q 

19 

20 

21 

22 

23 

24 

25 

26 

27 

-
X 

·. 
s 

\ 
\ 
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APPENDIX I feont/d.) 

V A R I A B L E S 

Nl LL1 Al 1\2 LN L,L ·-
;:,.C.[,s a··~ 

25.00 22.60 0.56 5.00 33.ùO 40.00 ,,.-·H21 ·, 28~·00 

39.00 58.75 0.90 .3.90 52.00 117. 20 ·2 f.25 11.3n5 

67.00 100.50 0.92 3.53 91.00 187.20 ::(•2 ;06 l33rnO 

51.00 74.45 1.13 3.92 68.00 138.05 .:·é'2.iOJ î i2H50 

106.00 153.35 1.07 3.93 138.00 316.55 .. ·2~129,, 299~'25 

46.00 64.60 . 1.50 3.07. 64.00 123.60 ,L93 123;25 

34.00 31;70 0.40 · 4.86 44.00 59.30 .. 1n5 .38i 25 

24.00 24.25 0.44 2.67 36.00 50.75 ·'Jl :·,41 39rno 

18.00 15.40 0.35 2.57 28.00 25.70 J0~92 .14,:50 

49.37 ' 53.35 0.67 3. 72 66.52 102. 72 -;1;51 7.8~63 

31.93 39.91 0.34 0.60 40.89 74.63 0~45 .. 65•.·70 

. . . . . 
- .,,.,·,·. ., 

•, 
: • • ' -_ ·,. ;; - - . • ~,'-.\·-., <• ""; ---,,----~ ' . . ~ ' ' - '' ·, -".' - :,,;;,;:) ': ·,·;,-> _--

-·-· _·,·.: __ ;,~:-~·:?!./·~ ,· :· /;;~·· ,,., '\~. ,,, 

.. -; :• .. 

h Dd Re Re d E HI 

/ 

163.68 1.43 0.56 0.47 12.00 3.45 0.563 

109.73 1.03 0.52 0.46 19.00 5.74 0.125 

312.42 1.41 0.70 0.67 19.00 6.89 0.223 

109.73 1.14 0.56 0.53 26.00 7.51 0.180 

256.34 1.06 0.67 0.61 30.00 10.53 0.281 -
36.58 l.00 0.56 0.45 17.00 5.00 0.203 

140.21 1.55· 0.55 0.51 16.00 5.87 o. 289 . 

'124.97 1.30 0.67 0.67 .12. 00 1.61 0.133 . . 
56.39 1. 77 0.64 0.62 11.00 3.65 0.125 

108.04 1.46' 0.62 0.53 19.96 6.52 0.333 

63.72 0.40 0.09 0.11 8.93 3.17 0.142 -
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APPENDIX J: THE S.P.S.S. COMPUTER PROGRAMME USED FOR 
PRINCIPAL COMPONENT ANALYSIS 

JOB 

FILE NAME 

RUN NAME 

VARIABLE LIST 

INPUT FORMAT 

INPUT MEDIUM 

N OF CASES 

FACTOR 

STATISTICS 

READ INPUT DA'rA 

FINISH 

LASER ENG, PH, 06 APRIL .1994 

UME LIS' 

FACTOR ANALYSIS 

XNl, XLl, XMAl, RB2, 

SUMN, SUML, XML, AD, 

REL, DD, RE, RC, DI, EX, HI. 

FREE FORMAT 

MAGNETIC TAPE 

27 

VARIABLES= XNl TO HI/ 
TYPE= PAl/ 
ROTATE = VARIMAX/ 

ALL 
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APPENDIX K: AREA··HEIGHT ANALYSIS FOR THE 27 SUE-BASINS 
OF THE ABOINE NETWORK 

HeightiBasins 1 2 3 4 5 6 

< 76.2m - - 17.00 46.00 35.50 150. !:?0 

76.2 < 152.4m 84.50 104.50 63.50 63.00 12.25 77.00 

152.4 < 228.6m 1. 25 1. 00 0.13 - - -
228.6 < 304.8m - - - - - -
304.8 < 381m - - - - - -
381 < 457.2m - - - - - -

Total 
Î 

(Km~) 85.75 105.50 80.63 109.00 47.75 227.50 

APPENDIX K ~on~inued 

-

Heightsf Basins. 7 8 9 10 11 12 
---.--; __ ,_ -· 

< 76. 2m 27.00 30.00 16.75 46.75 20.25 52.00 

76.2 < 152.4m 7.00 - - 11.75 - ~ 

152.4 < 228.6m - - - - - -
228.6 < 304.Srn - - - - - -
304.8 < 381m - - - - - -
381 < 457.2m - - - - - -

Total (Km 2 ) 34.00 30.00 16.75 58.50 20.25 52.00 CODESRIA
 - L
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APPENDIX K continued 

Heights/Basins 13 14 15 16 17 18 
·-

< 76. 2m 26.25 88.75 84.75 12.75 22.25 6.75 

76.2 < 152.4m 0.50 15.50 0.25 21. 75 38.00 13.25 

152.4 < 228.6m - - - 5.50 5.75 3.00 
' 

228.6 < 304.8m - - - - - -
304.8 < 381m - - - - - -
381 < 457.2m - - - - - -

Total (Km 2 ) 26.75 104.25 85.00 40.00 66.00 23.00 
1 

APPENDIX K continued 

Heights/Basins 19 20 21 22 23 24 
-

< 76.2m 0.75 105.00 40.70 110.50 120.25 1115.75 

76.2 < 152.4m 20.50 8.75 75.10 11.00 170.00 7,50 

152.4 < 228.6m 6.75 - 9.17 - 8.75 -
228.6 < 30.4. Sm - - 3.73 - 0.25 -
304.8 < .381m - - 2.87 - - -
381 < 457.2m - - 1. 43 - - -

Total (Km 2 ) 28.00 113.75 133.00 121. 50 229.25 123.25 
·-·--'· CODESRIA

 - L
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APPENDIX K continued 

--------,.·---·-
Heights/Basir1S 

< 76.2m 

76.2 < 152.4m 

15 2 • 4 < 2 28 . 6 m 

228.6 < 304.8m 

304.8 < 381m 

381 < 457 .. 2m 

Total (Km2) 

3 

3 

25 

-
3.25 

5.00 

-
-
-

8.25 

\ 
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26 27 

- -
37.75 14.50 

1. 25 -· -
- -
- -
- -

39.00 14.50 

.-~- ,,/,. ~ ... 
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