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ABSTRACT

The analysis focused bn 27 fourth-order networks of thé
Aboine basin with a combined magnitude of 1,333 and
covering an area of 2,123.13 km2. Along the diameter, a
topological analysis of 421 iinks in 27 sequences trunca-
ting between magnitudes 4 and 6 revealed 55.11% transf
links and 44.89% cis-links. Statistical 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—linksAgave an indication of the typically
dendritic nature of the Aboine network, free of structural

control.

With the 1:50,000 topographical maps, the blue l%ne
method was complemented with the contour crenulation tech-
nique. PCA collapsed 15 morphometric properties to 4
orthogonal components explaining 88.04% of variance in
data, leaving out 11.96% to minor factors such as no#—
linearity and inherent operator Variance. A@ter the appli—
cation of varimax rotation, the communality index (h2)
revealed that Nl’ bd, Rc and h are the diagnostic Variables /

underlying the four components, in order of their importance
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(and respectively). Ni; the source variable oﬁ?the'firsﬁiu R

component had affactorial complexity.bf unity, wi;h qomjv
ponent one alone explaining as much as 96.83% out of thé
97.84% accounted for by the,fouﬁicompbnents. The four -
components also explained 83.16%, 89.31% and 86.45%'@f
variance in the source variables (Dg, Rc and h) for com- -
ponents two, three and four respectively. Howevér, the
communality index was notably very low for relief-related
variables (particﬁlér;y the HI, h?, . = 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 hypsomgtfic

analysis.

Hypsometric indices (HI = 0.33; EI = 0.67) inaicate
that siﬁcé after the Tértiary planation, as much as |
67.00% of the basin solid mass has been removed by the
agents of denudation leaving only 33.00%, hence strgssing
the need for conscious human control so as to stabiliée

the Aboine basin slope.



(xi) - -

TABLE OF -CONTENTS

PAGE

CERTIFICATION o e oo T eee —_— (iii)
ACKNOWLEDGEMENT con ces cee s (iv)
LIST OF FIGURES .o cee ' .- cee (vi).
LIST OF TABLES . cee e L. (viid)
ABSTRACT LI ] LI I LI ] " o LI (iX)
TABLE OF CONTENTS e P cee e (x1i)
CHAPTER 1 - INTRODUCTION .’ « A e e 1
1.1 The Problem : e = .o .o 2
1.2 Objectives of the Study .o .o 15
1.3 Theoretical Framework. . e 16
1.4 Review of Cognate Literature .o - 28
1.4.1  Background to Drainage Basin Studies ... ' 29“f-‘
1.4.2 Drainage Basin Studies in the U.S. =~ ... 29
. 1.4.3 Drainage Basin Studies in Europe ces ;g';Vf
1.4.4 Studies in South-eastern Asia and = EU
Australia ' ... Cvee e 35
1.4.5 Morphometric Work in Nigeria = ' . cos o 136'ﬂ
1.5 The Study Area = . ... e S e
1.6 Thesis Plan coa




PAGE
CHAPTER 2 - METHODOLOGY ... e e 52
2.1 Topographic Base ... .o e 53
2,2 Déta Types e Tee e ces 55
2.3 Data Sources ces cos . i" 57
2.4 | Extraction of Data ee e _C' 59
2.5 Data Analysis cee oo PN '65
CHAPTER 3 - TOPOLOGICAL CHARACTERISTICS SN .o 70
3.1 The Concept . of Topology . ese e ‘ 70
3.2 Stream Ordering cee e cen 73
3.3  Models for Topological Work ... CoLL 7.
3.3.1 Link,Analysis - .o | cee . - 82
3.3.2° Network Diameter s o B, -2
3.3.3  Network Mégﬁitudé ;,. C..;é, e :.84
3.3.4 Network Elongation .. .. ss
CHAPTER 4 - DRAINAGE BASIN PARAMETERS ... el 97
4.1  Basin Parameters ... .. ./ cee 99
4.2 Interprétation of the Componenﬁs'/ .o 104
4;2.1 Component 1: Stream Netwofk Size‘Variate " 108

4.2.2 Component 2: Intensity of Dissection
‘ Variate‘ ) ceoo BN 115



(xiii) .

PAGE

4.2.3 Component 3: Shape Variate ... .o 117
4.2.4 Component 4: Relief Variate ... .. 121
4.3 Common Variance ces e .o S 123
CHAPTER 5 - HYPSOMETRIC ANALYSIS - ces ..., 130
5.1 The Concept of Hypsometry . oy v 130
5.2 Empirical Demonstration see e 134
5.3 Interpretatioﬁ of Hypsometric. Curve ... 142
CHAPTER 6 - CONCLUSION N coe .o 151 -
6.1 Fiﬁdings~ahd Implicafions e . e 151
6.2 Issues for Further Exploration . | . e 159
6.3 Conclusion oo .o . o 162
BIBLIOGRAPHY co cse ees . 165
APPENDICES:
A: List of . Variables ... cen .o 183
: Air-photo Sources for the Topographical .
Maps used . - cee .o - 185
C: Admiﬁistrative/Thematic Maps‘Useé ces | 186
D: ihe'GeologicalsMaps Used‘ cee ces 187

E: 1:50,000 Topographical Maps Used . 1@8



'(xiv)

’ PAGE
Air-photo Sources for the Geological ,
Maps Used’ .o .o oo 189
‘Calculation of the Basin Areas :
and Mean Basin Areas L eee L e 190
Locational Characteristics of the‘, :
fourth-order basins studied ... . - ... 191
'Morphometric data generated from ther - :
Aboine basin . oo AW Cewe 193 . -
The SPSS Computer programme used for-
Principal Component Analysis = cee - 195
Area-height analysis for the 27 _ o o
sub-basins of the Aboine network ... . 196




CHAPTER 1

"INTRODUCTION

) . .

Fluviallgeomorphology, the domain of which is tne analysis
lof process—form relationships in individua;.channels and
the entire drainage system (Schumm, 1977a), has continued
to remain a viable field in the total system of relate% ’
sciences. Every scientific field has its outstanding per-
sonalities, leaders of research and inspirers of students
(Embleton, 1983) as well as distinctive landmarks that
~guide the practitioners. The articulation of fundamental
ideas in fluvial geomorpnology has led to notable revolu-
tions in the discipline. The flrst major theoretlcal mile-
stone was Horton's (1945) pioneering work on network
geometry. The second is in the area of hydraulic geometry
launched by Leopold and Maddock's (1953) locus classicus,
and given further impetus by the work of Schumm and Lichty
(1965) . The above two iaeas have, for quite'long and
formidably, formed the theoretlcal underpinnings of extant

dralnage basin enqulrles. However, Tuan (1991} fears that

a theory can be so hlghly structured that it seems to ex1st

in its own right, to be almost sol;d' and thus, paradoxi-= f;];i':

cally ab;e’to cast a shadow over the-phenomena it'is'inten—;
ded to illuminate..'This is why it is necessary to re-
evaluate the paradigmatic setting of fluvial geomorphology

(particularly in the area of network geometry) using an



empirical case.

1.1 The Problem:

With respect to its contempcrary scope,'content and purpose, .
it is a consensus that geomorbhology is the scientific
study of'the types and origins of landforme and landjforming
nrocesses (Small, 1978; Pitty, 1982; Verstappen, 1983). Tne
discipline grades imperceptibly into related fields such as»'
engineering, hydrolcgy,‘geology, geography - and soii science.;
Geomorphologists are essentially concerned with‘landforms,
the materials upon which landforms occur, the processes tnat\
nmould the forms as well_as the evolution and history of theA
landscape (Goﬁdie; Angerson, Burt, Lewin, Richards, Whalley ;'

and Worsely, 1981).

The processes in question are essentially exogenetic
(Scheidegger, 1970). and;ncﬁ cnly.activelf create but con—‘:
ctantly modify surficial.tcpographic feature§.< Ccmpetence; n
in the analysis of theee processes is cleimed to be
contingent upcn familiarity with the-princip;es of chermo—
dynamics,rfiuid and plestic mechanics as well as hydrology
and meteorology. 'Consequently, Strahler‘(1950) argued tr1‘a'1;’./’"x'“ii

fsince geographers did not conﬁentionallyiekcel-in,these |
areas, geographically.t:ained geqmcrphclogists are'nandi—

1

capped to work in the.fiela of process. L e

-

N
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It is ﬁost'probabiy thisrline of thoucht’that spurred
Wooidridge (1958) to assert somewhat authoritatively thet,
geomorphology.is fundamentally concerned with the interpre-
tation of forms rather than the study of processes."But
spacial forms, as responses, are much more'meaningful_when'
ihterpreted in the context of the processes that eﬁgendered
them. Today, geomorphology has richly drawn from'modern )
developments in the cognate sciences to enhapce its methodo—

logy and sharpen its conceptual tools.

‘The scientific study of landforms necessitates an
understanding of the causative 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 towards an equilibrium.
Since the topocraphic surface-is highly irregular and
energy is not u@iformly distributed, the resultant redis-
tribution of energy generates processes that tend to
smoothen topogrsphic irregularities. 'Heofe, a ciear appre- .
ciation of the mechénics and properties of matter is fundae'
mental to the‘science of }andforms. Also, from the related

- field of geology, geomorphoIOgists borrow and greatly
utilize modern strat;graphlcal techniques of dating and re-
construction to account for palaeo processes and forms.

|
|



. With thé aié,éf,fhejcpﬁbﬁtér éndiraréfieﬁu@athémaﬁ;cé;”‘
"techniques, géomorphologistéJnqwi;ompetently,ngt‘only;x-
ray and account for cu;fe#t proceséeé,but aléo simuléte
thé operation of such processes both retrospectively
~and introspectively. The processes actgally giveidfnamism
to the otherwise statié»fesultant forms. The implic;t
indepth cause-efféct analysis is one thing that methodolo-
gically gives modern geomorphology its,eXploratory idén—
tity. Geomorﬁholqgists'comprehensively integrAte the |
knowledge of the past,aﬁd preéeﬁt landforms in order to

account for the future trend in landscape development.

Geomorphic processes;aré very numerous in kind, varied
in both combination and degree of operation and are signifi- -
cantly regionally and climatically diﬁferentiated. This

is in consonance with the concepts of climatic geomorpho- .

logy and morphogenetic regions articulated by many scholarg;‘_f*

particularly Peltiérf(}gso), and,popularized“by others

notably Stoddart (19695} Accordinély, it was postuléted

that a particular cli#ate is chaiacterized ﬁy-a certain

combination of proces%es.which developla.distinctive assem— .

blage of landforms. %uch_l;ndfo;ms ére_quite disﬁinctxfrom .
! ,

'those'developed in ot#er areas with different climatic

conditions. King (1966) pointed out that the task facing

!



geomorphology is to eluCidate the causative processes
through an understanding of the resultant forms.l Based
on the degree of landform geneSis and modification,f
fluvial processes distinctly emerge as a notable assem-
blage of operators in the humid tropics. These fluvial
‘processes powered by the kinetic energy of streamflo;

operate within particular confines referred to as drainage

‘basins.

A drainage baSin is seen. here as a geomorphic unit
which supplies water and sediments to a river channel or
a set of channels (Leopold, Wolman and Miller, 1964;
Ruhe, 1975; Faniran, 1986f.. The river has been viewed as
a locus of erosion hydrodynamically balanCing and distri—
buting energy and work Within the drainage basin (Curry,

1972). But littleﬁdo we realize the actual import of

channelized running water in the form of rivers as a major ©

agent in the transformation of the landscape. A major
-task for this investigation is not only to highlight but

to address both the covert!and overt dimensions of the
! ' .

operations of channelized %treamflow; Also deserving ex- -

ploration is the transformation accompligshed by these {

operations, linearly along

the tree-like network sfstem,

as well as on the entire p%animetric drainage hasin surface.

a

[
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Landscape dissectiqn engendered by rivers aetually
proceeds inexorably'and is highly susceptible to intensi-
fication by any external 1nterference. It could then be
the complicating 1nfluences of various land uses that
have compounded fluvial erpsion espeically in south—;;
eagtern Nigeria; It is worthwhile to empirically analyse
the causative factors and thereby explore the poss1b111ty
of restorlng an equlllbrlum to the landscape system. Many
riverine land use activities reveal a lack of apprec1a—
tion of the socio-economic benefits of optimal, balanced
Jutilization of the natural land and water resources. The
situation can be remedied fron avgeomerpholegical pers-
pectiye through.the application of basic geomerphological
principles that'introduce stability to the landscape

system.

Geomorpho;ogical criteria are very essential for both
the evaluatien and extrapolation of an area's hydrological
characteristics,in'space and time (Verstappeh; 1983).>“ In
Nigeria, we eVidently have many River Basin Development
Authorities. However, lronlcally, pure, 1nvestigati§e and
theoretical researches to yleld basic hydromorpholog;cal
details are sﬁlll lacklng. Emplrical drainage basin inves-

f
tlgatlons should give rise to basic hydromorphologlcal
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details thatdcduld guide land uses. There is some sense
in an assertion that nowadéys, 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 (1981)
observed that man's use of drainage basins can trigger
off changes in processes and accordant adjustments of
landforms. The knowledge of thé potency of man's actions
is'a challenge to human ingenuity to attempt controlling
1andS¢ape development through environmental impact assess-\,

ment and monitoring.

The drainage basin is a system and man's actions
indirectly through land uses or'directly throﬁgh channeli-
zation afe practical interruptions-in the landscape system.
A system is seen as a set of objects together with the
relationships existing between those objects and their
lattributes (Coffey, 1981). In the absence bf interrup-
tions, there is an equilibrium between the basin geometry’
and fluvial mechanisms. This delicate balénce between
forﬁs and processes results in a state of equilibrium
‘defined by Howard (1982) as a single-valued temporally
invariant functional relationship betweén the values of

input variables and the values of output variables in a



geomorphic syotem; In this case, the output variables
can be represented by fluviol processes given iﬁpetus and
sustenance by external factors (such as rainfall and
humén activities). The outputs are the responding intef-
nal parameters such as basiﬁ geometry and channel fo;ms.
The process-form balance is prone to distortionlby human
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 phehomenon
or a combination of phenomena with which some beclouded
relationships are associated. Such an elucidating activity
is conventionally either inductiQe or deductive. Many -geo-
morphological investigations are empirical; and therefore,
predominantly inductive in nature. Explanations through
£he deductive method are a priori, fewer and more rigorous.

Through this channel the necessary culmination of effort

!
4

'is to arrive at an explanation through the construction of
theor?es, but it Should be noted that this line of thought o
has not been fully addressed by geomorphologisés. This bias
in emphasis signifies a lacuna corroborated and re-enforced

by a paucity of theoretical work in geomorphology. There is



need to f£ill up this gap by . embarking on investigations
(such -as the present onef‘that will'give rise to basic
. theoretical building—blocks Wthh will serve as a conve-

nient stepplng stone for the erection of theories.

The hallmark of any science is the quest for theo-
ries (that. can even culminate in laws) with which natural
phenomena are to be explained within the prevailing
paradigm. The foundation for quantitative analysis of
drainage ba51n parameters was solidly laid by Horton
(1945) through the introduction of an ordering system»fqrf
streams and the formulation of some statistical laws to
explain the.spatial pattern of stream numbers and lengths
within the'ordering system. But since the sign of viri-
lity in . any nascent and progressing discipline is the
refining of existing conceptual tools, it is not surprisihé
that the'Hortoh-epus has undergone a considerable degree of

modification and reformulation (Strahler, 1952a; A A
Scheidegger, 1965, 197Q;vShreve, 1966, 1974; Woldenberg, 1967;'

-/
. Gregory, 1976; Javis, 1977; Smart, 1968, 1978)

A critical examination of .the works of the above S
analysts reveals a lack of consensus in their desparate

attempts to abrogate the Horton-formulation. There is need



v} : -

to synchronize these7¢ontending viewpoints. The derivation..

»

of such a synthesis ranks high in the hierarchy of reasonglx‘n

that stimulated this empirical_enquiry. The efficacy of
the existing and contending appréaches would also be -
tested by appraising the étrength and rigour of thg‘ﬁnder-’

lying logic of explanation..

Apparently, there is a pfqliferatiQﬁ of approaches to -
the analysis of drainaée basin,paramefei#g The‘situation
makeé the choiée of the most proper“paradigm'ext:emely'
difficult. A distréssing state of confusionu(and e?en
crisis) exists as to the exact nature of!the relationship
between drainagé basin indices and planimetric pfoperties,'
particulariy between @rainage density énd dfainage area .
(Pethick,‘1975;‘Gardine;, Gregory and Wallihg; 19?7;7 -
Ferguson, 1978; Ge;rard, 1978} Richards, '1978). The exisfig7
‘tence of a criéis can motivate a case study to claiify uq-, 

certain relationships and reconcile conflicting»viqws. The -

-task of reducing an unexpected outcomevtd/g logical one is .- .

indeed, a challenging 'problematic'. If geography is a sciéncg
‘that describes and explains areal differentiaﬁion of ‘:fh
 phénomeha (Harvey, 1969) through the setting up of'anb

ihternally coherent procedure for rational argument, then

- it is worthwhile to probe the cause of conflicf and resolve
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same with respect to the .ambiguity that surrounds drainage

density and drainage area association.

Intellectual advancement is a continuing process of

" modification, rejection, addition‘and replacement of con=
ceptual tools (Wrigley, 1965),' This implies an npwerd
gradation, - and clearly shows‘that there is no finality in

. science. Conceptual developments in any scientific disci-
pline are a reflection of the prevailing paradigms.

Frolov (1984)‘defined the term 'paradigm' as a'totality of
.theoretical and methodological premises defining>a concrete
%éientific study, embodied in scientific practice at a

given stage.' A paredigm summarizes the scientific achieve-
ments that, for a time, provide model problems and solutions
to a community of practitioners (Kuhn, 1962). Fluv1al geo-
morphology has rogsted under a number of paradigms and thls"
is an interesting development in such an active field. Any":
paradigm that leaves unanswered more.than it successfully
.explains, invariably-leaves’itself,open for replaoement
(Kuhn, 1962; Anderson and Burt, 1981). ‘The‘rate at which
conceptual tools are fashioned out, refined, or entirelyﬁ
discarded in favour of better alternatives is a good,indica-;

tion of intellectual’ V1gour 1n the dlSClpllne. Ceomorpho—

logy is evolutionary and has w1tnessed a number of monumental
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works but in the words of Yeung (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 progressivgrand cumula-
tive rather than definitive. With the advancement oﬁl
knowledge and the development of new analytical tools, old
problems are solved, new vistas illuminated and new

challenges disclosed.

We may recall that Anderson (1957) described area as
the devil's own variable, and in the same diffident manne;,
Bunge (1966) claimed thét shape-had proved to be aﬁ elu-
sive geometric characteristic to capture in an exact quanti—-
tative fashion. Unfortunately, for over three deéades, the
crippling, defeatist belief in the unfruitfulpess of shape
and areal analyses has almost established. itself as a
consumate ofthodoxy‘which rides roughshod over area-relatea
investigatioﬁs. Accprdingly, a notable challenge that
stimulated our work is to appraise fundamentél areal ideas

- with the aid of mathematical tools of analysis.

Geomorphometry is a methodological sub-disciélihe of -
geomorphology and is generally viewed as the4science which
treats the geométry of landscapes (Chorley, Malm and

Pogorzelski, 1957; Mark, 1975; Evans, 1981;- Richards, 1981),.
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But geomorphometric parameters are ﬁery many,'and diffe;
rent analysts have utilized different combinations of
these parameters. Having as many comhinations as there
are analysts simply betrays'a glaring subjectivity-
undertone. But a streamlined, rigorous, and pragg;tic
analysis will produce the necessary objectivity and this

is amenable to empirical demonstration.

In North Western Devon, Smart (1968) conducted a
morphometric analysis using five‘parameters which are
the length ratio (RL), area ratio (RA), as well as
il' R, and Rl (Appendix A). Previously, in Malaysia,
Eyles (1966) used thirtheen parameters. Gardiner (1973)
made use of fifteen parameters in England, while Kirkby
(1976) utilized ten. In Nigeria, Ebisemiju (1979a,-1§79b)
worked with séVénteenvand thirty-seven pérameters reSpec;
tively. Again, Marcus (1980) conceded that six parameters
sufficed for such an_analysis in New Hampshire. This appa-
rent proliferatipn of geomorphometric pﬁrameter;'(possibly:
including some redundant ones) raises a number of quesfions;
Which parameters and how many of them‘should be 'used tok
adequately characterize a drainage basin? Do environmental
conditions influence‘the combination of the relevant

variables? Does the scale of analysis unduly stress the

Y
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role of some vgriables at the expense of others? 1In-
principle, a quest for answers to the above questions as
Qell as illuminétion for. the beclouded and stunﬁing
issues is a quesﬁ for explanation. Any exercise that

S

rationally sets out to explain a provoking 'problematic’

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

From the foregoing, it can be inferred that an
investigation motivated by the need to pragmaticaily
demonsfrate and test the suitability and application of
morphometric techniques is both viable and necéssary. The
empirical and methodological resolution of the motivéting
issues forms the core of our present investigatioh. The
'what'-(in terms of object or substénce investigated)
éhould not be over—streséed at the expense of the 'how'

- (in terms of methodélogy). The preseﬁt work is'poised'to
demonstrate and highlight the under—emphasized cdmplemen—
tarity between the methodology of analysis and an appref\
ciation 6f the objects or issueS'analysed;4 fh addition

td addressing the above issues in such a way as to yield
concrete theoretical formulations, some other more specific

tasks will also be accomplished.
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1.2 Objectives of the Study:

Exploratory researches have a conventional aim of generally

advancing the research frontiers and broadening the scope
of knowledge in the discipline in question: The testing of
existing analytical tools with a view to improving tgeir
efficacy is always of fundamental concern. While attempt-
' 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] Iéoiating significant relationships ana
identifyiné relevant variables that
account. for the Aboine drainage basin

morphology.

iii] Using a three-dimensional analysis of the

basin solid geometry to complementla two- |

dimensional mofphometric énalysisjiwith_

the Aboine basin as an empirical case).
Accomplishing the‘tasks'outlined‘above necessitated £h¢
gdopting of, and sticking to a rigorous procedure of
scientific investigation. Hénce, it is imperative at this
juncture, to review the coﬁceptual backgroﬁnd'to our

investigation.
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1.3 The Theoretical Framework:

As an organized activity, science searches for facts,
pursues knowledge through oﬂservation and experimentation
and also makes theoretical deductions that eventually

lend themselves to empiriéal verification. Accord;ng to
Kuhn (1962), normal science has three main aspectsf(These
are: the pursuit of facts, the comparison of factual data
wifh 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 principie, the science of geomorphologj-is characterized
by the creation and transformation of mass (or forms) by
the energy and operation of surficial fluids (or processes).
Generally, scienﬁists meticulously examine their objecﬁs of
stgdy, classify them, establish a pattern and, to be ablé
to discern and account for relationships,/they formulate
theories which form the basis for laws. The applicability
-of these_laws depends, to a large extent, on the explana—l

tory powers of the underlying theories.



The'ultiméte aim of science is to propound theories
capable of illuminating pheﬁomena. Ramsey (1960) viewed
a theory rhetorically as a language for discussing those
facts which the ' theory hopes to explain. In a very
broad: sense, a theofy is algéneraiized authentic knowf
ledge which particularly presents an integral picturé”of
reality by outlining relationships (Frolov, 1984).
Theories are indispensable to science in that they systema-

tize knowledge (Amedeo and Golledge, 1975).

A radical transfdrmation of the spirit and purpose
of geégraphy logically gave an impetus to theorizing. 'The
buildihg,of tﬁeoretical models was inspired by a geﬂuinel
heed to make geography more.sciéntific. According to
Burtbn (1963), the rigorous diétates‘of scientific method,
the need to develop. and test theory with prediction, make
mathematics the best available tool in. the pfocess'of
fheorizing. The fo?mulation of theories is.tﬁe ultimate
. aim of science, this is irrespective of whetber the‘method'

/
is inductive (a posteriori) or deductive (a priori). It -

is interesting to note that the two methods of theory-
formulation are not necessarily mutually exclusive. By
implication, it is possible to blend and tap the merits of
_ the two_in‘a single investigation and this is the philoso-~

phy that underlies our present approach; """ .
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The pre—océupation of fluvial geomorphoiogists has
been to procufe an explanatién (through the use of
theories) for the interrelationships among drainage basin
variables. This is why morphometrié analysis entails_a
great deal of measurement or the assigning of numerica;
values to drainage basin attributes. These attributes 7
essentially relate to the tppological and planimetrié
aspects of the drainage basin. It should be recalled that
morphométry as a technique is the measurement and ma£hema—‘
tical analysis of the coﬁfiguration.of the earth's.surface'
and the shapes and'dimensiong of its landforms (Clarke,
1966). In'the'provisioh of a framework for outlining
available techniques specifically for drainage basin mor-
phometry, Gardiner (1981) recognized fiye Staées. ?hese
are: network‘delimitatioh,,sampling, meaéurement,
variable definition éndfanalysis. Drainage basin morpho-
metry is increasingly endompéssing ail'aspects.of the. |
fluvial system (Gardiner and Park, i978; Gregory, 1981,4
1982, 1983). _ - / |

In an attempt-to establish order among an apparently
chaotic array of network variables, Gravelius (1914)
+ conceived of an embryonic system of stream classification.

In his ordering scheme, the biggest river in the drainage
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basin is autométically assigned the first-order (from the
mouth to the source). All éhe channels tributary to this
first~order stream are classified as second-order streams
while the tributaries of the second-order streams form

the third-order streams, and so on.

-,

This idea was later developed into a considerably
acceptable model by Hortbn's (1945) pace-setting work, in
whose system, individual rivers emerging' from their
soﬁrces are préliminarily and provisionally taken to be
of the first-order. Two of such streams méet‘to.form a
second-order stream which is followed headward through
the major trunk and assigned second-order up to its
source. Two provisional second-order streams meet to form
a third~order stream which is again followed through the
major trunk and re-qssigned.third—order stream up to the
source, and the process is continued for other higher
ofders. In other words, the ordering is at first provi-

sional after which there is a re-classification. The

3
14

highest ordéf stream (third-order, in this example), is
produced backward or headward through the major trunk to
the source and given the same order 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 the headward re-classification at bifurcations
is purely subjective; some fingertip streams are re-
classified and given orders more than one; and finally

that streams of fairly the same size or magnitude are not

assigned the same order.

p

As any nascent specialism is often characterized by
a conﬁinuous refinement of analytical tools, Strahlér
(1952a) modified the Horﬁon—opus to the status of a_pre-'
vailing paradigﬁ; In this system, all the fingertip
channels terminating in sources are classified as.first-
order streams and the confluence of two (and on;y two)
first-order gﬁreams yields a se@ond—orde; stream or link.

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

a third-order stream, and so on.

Javis (1976) came ﬁp with a clarification noting that
‘the streams of equal order whicﬁ are needed to form a
higher-order stream are called 'order-formative' streams
while the other streams of the same or lower order which
join a higher-ordér stream without increasing its order

are referred to as 'order-excess' streams. .

Even though the traditional Strahler-ordering system
has.gained the widest currency, it has been criticized on

the following grounds: the ordering system depends entirely



on the scale of the map used; it is only when two order-
formative.streams join that a higher—ordef 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 increase in magnltude 1mp11es

a violation of the dlstrlbutlve law. For instance,

3 = 2+ (1 +1) (1) .
" and .

2 = 1+ (2+1) | L (2)

Nevertheless, the hydrological-properties change at each
junction (Scheidegger, 1965; Shreve, 1966; Woldenberg;
1967; Smart, 1968): |

These issues that are held to detract from the Strahler-
system have led tg attempts at formulating different alter{
natives. Notable among them is Shreve's (1966, 1967) order+{
‘ing system foundea on magnitudes. In this system} finger-. ;
tip channels remain as flrst—order streams (as ‘in Strahler s)
Two first-order streams join to form a llnk of the second-v
order, and if a first-qrder stream joins a second-order link,f
the result is a thirdrorder link. This system satisfies the .
) distributive law and may appeal to hydrologists, prima

facie. It is highly topological in considering only the
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number of linké and forks without'considering chennel
geometry and actual volumes’of the tributaries. The result-
ing magnitude values can'give exaggerated impressions 6f
discharge when used in comparative analysis without being

verified.

.
Smart (1968) argued that the ambiguities and inconsis-
tencies in extant ordering schemes account for the large
amount of scatter observed in geomorphic data on drainage{
basins. It was dissatisfaction with most ordering techniques
that prompted Smart (1978) to enunciate a general rule
whereby order u covers a magﬂitude range of M‘in'which:
Moo= 491 (3
as follows:
lst-order, u =1, 4 =47 =1, i. e. any
stream Qith a magnitude of 1 falls
under lst-order stream.
Zﬁd—order, u= 2, 0271 - 4l o 4, i.e. any
stréam whose magnitude ranges between

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

3rd-order, u = 3, a3-1 o 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_depart SO muoh from.the'Strahler-
scheme. In trying‘to accentuate this new:formulation,

Smart (1978) warned that the w1de1y used Strahler orderlngf
procedure w1th a Horton-ancestry, erects an elaborate j_lu'{“'m
facade whlch hldes the more fundamental propertles of the ;';

s
network. Gerrard (1978) also warned that as long as this

tradltlonal stream—ordlng procedure is being used results?
arrlved at are llkely to remain 1nconclu51ve, and there- o
fore equlvocal, partlcu;arly as regards the relat;onshlp ‘e
between drainage densdty and basin area. Apparently, he

(i.e. Gerrard, 1978) Was only contributing to the dialec—. 
tics per se rather than proffering a-soiution by propoun-

ding a new ordering,system.‘ Schaefer (1953) noted that a‘
methodological discussion is essentially dialecticai in 7
that much clarification is to be derived from the mutugl iiﬁ

criticisms of the contending viewpoints. .-

But characterrstically, most attemptshat4abrogatipgn;
the Strahler-scheme have not'been;expreesed/in,such_a:wayd~iiﬂ:
as to secure the appreciation of drainage‘basin analystsil
This could be because their proposed 1deas have proved tdtlfgj
~be very complicated and enshrouded in esoterlc and mystlfy-;'{

ing mathematics as could.beattested tobyijuaworkSOf Shreve
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(1967) , Woldenberg (1967) and Smart (1978). AsAé result,
the Strahler-scheme has endéared itself to many and hence
estab;ished itself as a dominant technique among drainage
basin analysts. This could'be because of its relative-' |
simplicity and fhe facf that if lends itself to mathemati—
cal computations. Moreover, as will be seen in'Sectgon 3.2,
convenience for sampling is'a unique, unparallelled quality
that advantageously distinguishes the Strahler-scheme from

the other orde:ing systems.

In additioh to enunciating an ordering system, Horton )
{(1945) demonétrated the search for, and formulation of |
theories. Accofdingly, he came up with two laws of
drainage composition. - Thebfirst law of drainage composi—‘
tion,_otherwise;called the law of étream.numbérs} states
that the numbers‘df stream segmehts of each order form @h
inverse geometric .sequence with the:oraer‘numbers. The
second'law, the law of stream lengths, states.thatlﬁhe
average’lengths of streams of the differeny orders in a
‘drainage basin tend to 6losely épproximate a direct-geomé-»
tric series with-the ordér numbers, A relationship'between"w'
. basin area and basin oraer was also implied.. This forms -
the basis for the third law, called.the'lawvof basin érea,’

which Schumm (1956) explicitly stated: the mean basin areas
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drained by streams of each order tend clbsely to approxi-

mate a direct geometric sequence with the ordér.numbers}

The three statistical laws have been widelyAused as
theoretical models for exploratory and.explanatory_drainége
basin. investigations (Smart, 1968; Haggett and Chorley,

_ _ ..

1969; Scheidegger,'1970; Knighton, 1984). Such investiga-
tions come under the traditional Horton-analysis which .is
regarded as an‘atteﬁpt to quantitatively deséribe drainage
basin compositién in terms of five pa;ameters, which are:
the bifurcation ratié, length ratio, area ratio, mean
length of the first-order streams and the mean area of
first-order basins. Ebisemiju (1979a) suggested‘that
future morphometric'analysis of drainage basins should con—:
centrate on four diagnostic variablés which are the total
drainage density,  total number of streams, basin relief

and the average length of first-order streams.

Some draihage basin analysts have suggested a(total
dismantling of the HorténFedifice. Smart agd Werner (1976)
have attempted demonstrating the effectiveness of a Random-
Model for explaihing and predicting geomorphic relétion— !
shiﬁs. Smart (1978) had noted, in moreigeneral and modern:
terms, that drainage‘composition refers to the topologic

and geometric properties of channel networks. ‘This is;J
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obviously-predica£ed upon Shreve's (1966) assertion that all
topologically distinct channel’networks with a given numbér
of sources are equally likely. It is an ideal against which
real-world networks are to be compared. Such topologically
random channel network is infinitély large'and sub-netngks
of the same magnitude are equinumerous. An individual nét-
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 distribﬁ-
ted, it hés a very high explanatory and predictiﬁe power.

But geomorphometric variables are generally not normally dis-
tributed, and so the various rotations and transformétions
.required by the random model do not always prove to be mdre
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 thch natural

drainage networks éhoﬁld”be compared.

Sayer (1982) has remarkea that new approaches or'para—
digms have been proposed almost before the ear{ier ones have
been digested. Even though this situation implies an intel~
lectual vigour in such an active énd 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-formulation’using empirical data.

Having appraised drainage basin analysis against the
backdrop of its paradigmatic theoretical settiﬁg, 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 suitable tolguide the community
of drainage basin analysts. In advancing this quest,‘the
Strahler-ordering system will serve as a stepping stone.
Oﬁr choiee of this framework was predicated upon its
amenability as a convenient basis for exploratory work.
As will be seen in Sectioh‘3.2,.the Strahler-system prac-

tically supersedes all others on the criterion of conve-~

nience for sampling. The nature and operation of drainage_;i;

basin parameters could have some geological, geomorphold-
gieal, hydrological and climatological uﬁdefpinnings.' The
verification of this assertion, following-ehe tenets of
scientific investigation, necessitates a thérough review>
of the scope and nature of current d:ainage basin analyti-

cal techniques.
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1.4 Review of ‘Cognate Literature:

Geomorphology has been notabiy making sevefal’distinctive
advances that Dury (1966) remarked that the field is

viably producing swift and copious reSults? Brown (1975)‘
observed that physical geography is internally unbalagced
because geomorphology plays too dominant a role inAthév
subject. It wes the recegnition of this sign of life and
vigour that prompted the British Geomorphological Research ‘
Group (BGRG) in 1976 to give a vefdict that geomorphology |

is alive and well, and with good prospects (Thornes, 1978).

The growth in any lively discipline can be objectiveiy'
assessed by the rate of increase in the number of werkere'
and the output of published work (Embleton, 1983)l It is
important to discern the éeneral direction of research,
identify monumental and spectacular achievements and weigh
the validity of ‘their contribution to science. We must
admit from the outsef, that this task of assessment is a
very difficult one, more especially in fluﬁial morphoﬁetry
which is an'interface between hydrology and geomorphology.
It has been observed'that interfaees between disciplines i -[n
blossom oﬁt fiom time to time as major fields of_develob-

ment, but it is not uncommon for some of the interfaces

to remain as less formal areas of interdisciplinary activity,
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shunned by ali except the colonizers of the pioneer
fringe (Clayton, 1971). Tﬁe ambiguous status of network
morphometry as a frontier in relation to cpnceptﬁal pfo- 
gress (or stagnation) can perhaps be best appreciatedvby
reQiewing the scbpe éf work in different areas of the

world.

1.4.1 Background to Drainage Basin Studies;

Hortén's (1945) seminal work undoubtedly formed a>prime
stepping stoéne for-drainage basin studies. His legacy not
only lay in the faét that he procuredterminologiesthrough 
.his stream classification but also in his da.ring_,attempt_'f
at taking a major theoretical leap by formulatipg the

first and second laws of dfainage network composition.
Schumm (1956), who worked in Perth Amboy, New Jeréey, formu:h
lated the third law (the laws have élready‘been stated in
Section 1.3). Many later works show varying degrees of
ancestry to Hortdn's original formulation, since igg-accep-

tability (or othefwise) formed the basis for later works.

1.4.2 Drainage Basin Studies in the US: ‘ o
In the United States of America.(precisely at Columbia
University), Strahler (1952a) refined the Hoftongordering -
system into a formidable basis for analyﬁical work. Thié

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-Strahler orthodoxy.

Representing a significant departure from the traai-
tional ordering system, Shrcve (1967) recognized mag?itudes
in his own stream classification. Also.using the 180km2
Middle Fork of Rockcastle Creek;-Kentucky, he inveétigated.
the relationship between mainstream lengths.and basin areas

in addition to defining and clarifying 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 Caiiente basin, a_tributary of
Arroyo de los Frijoles basin in Santa Fe, Mexico, and of the
Watts Branch, near Rockville in Méryland. They also tested
the three laws of drainage composition, which they found were
obeyed. Later, Leopold (1978) examined the channel proper-
£ies and explained temporal changes in the channei-geometry
of eppemeral streams, using the Asunto de Arroyo in Santa Fe
as a case study. In Southern Illinois, Coates (1958),
comparing his field map on iE6OO with the.United Stafes
Geological Survey (USGS) map on 1:24,000, observed that,
generally, first-~order streamc mappcd at the latter scale

are actually third-order streams.
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Morisawa k1962) stadied the Home Creekain Ohioy
Her . findings for the AppalachianﬁPlateau'rivers revealed
that Horton's first law was fairly obeyed. Her data for
six of the Appalachian Plateau rivers wefe re-analysed»by
Scheidegger (1968), who confirmed her findings and went
further to note that the first law of drainage composiiien

is an entirely topological statement, unlike both the

second and the third laws which are based on assumptions -

of a metric nature.

Tﬁe basin characteristies of the Wabash river, a tribu-n
tary of the Mississippi,_were stﬁgied by Ranalli and
Scheldegger (1968) . They came up with a coding system
-through which distinguishing code numbers or letters could
be asFigned to stream segments and junctions. This classi-
ficatory and descriptive system gave a fillip to subsequenﬁ
topo ogical 1nvest1gat10ns. While studying the Pecatonlca
river basin (710km2%) in Iowa, Onesti and Miller (1974)
obsﬁrved that the geology, structure and varijiations in the
phy%ical charactefistics of the stream basin greatly.
.infiuenced the inferaction of variables in the-flhvial
system. In a work carried out on eight Strahler-third—
order_basins_of the Hubbard Brook, New Hampshire, Marcus

(1980) characterized first-order basin morphological zones
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into the heedwater- and channel—way.zones; After,applying
" the Factor Analytlcal Technlque on six morphologlcal
variables derived from the valley-head and channel way; he
inferred that a basin's bifurcatiqn’location inflgences
channel way morphology, while Valley-head morpholegy is

more influenced by the position of the divide. -

1.4.3 Drainage Basin Studies in Europe:

Some researchers in the U.S have invesﬁigated drainege
basins in Western“Eﬁrope; Based at Buffalo, Jevis (1972,
1976a, 1976b, 1977)ldid much to demonstrate how drainage .
network prqperties within the same order levellmey very
significantly between distinct.geomorphic regions; "His
cohtrasting areas were the Upper Tweed basin in the'Southern
Uplands of Scotland and the area afduna the Heddon drainage

basin on the Culm Measures of North Western Devon (England};

Many other morphometric- 1nvest1gatlons have been
carried out in these two regions, partlcularly by. some -
members of the BGRG (Chorley,_1958, Gardrner, Gregory ahd
Walling, 197_7,_1978; Richards, 1978). Also, Werritty (1972).
‘verifiedﬂthe accuracy of stream link lengths derired fromf
topographical maps in Devon'and‘Weet Somerset, while Gregory

(1976) empirically estimated drainage basin adjustments
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induced and accélerated by man in Tonne, Somerset. The
multiplicity and intensity of morphometric inyestigations
in the British Isles should not be really seen in terms of
an over-concentration of studies or résearch—overkill,
This is because the works follow the tenets of soient;ﬁic
investigation. Methodologically, the wofks form a conEi—
"nuum and the cumulative effects of continuous refinemeht
of analytical tools give a clear indication of thé high

level of drainage basin enquiries in Britain.

Thoﬁgh a case can be made for less exciting and un-
interesting reading due to a monotonous reference to the
Heddon, Uoper Tweed and their contiguous‘basins, neverthe-
less, the high concohfration 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 beeﬁ done in many river

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

Subscribing to the ooinion that most geomorphic models
(whether analytical or deductivef‘essentially attempt to ex-
plain process, Anderson (1973) used fifteen basin paraﬁeters
to build a multiple regression model. He then uséd tﬁis

" model to explain drainage basin form in Troutbeck Catchment,

Westmorland, England. The changes in drainage net ovef time
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havekaiso been explored in'the ﬁpper Hodder baéin.'
(Lapcashire) by Ovenaen and G;egory’(l980). While concedf
ing that drainage networks vary with map scale, map con-
vention and data format (data format comprises maps, air
photographs-and field survey), they used a series 6€ 
- Ordnance Survey (0S) méps to illustrate network exten-
sions and contractions experiencéd by4Croasdale'Br00k_
betweeh 1847 and 1977. .They~finallyAstated that map-based
stream network analysis spould take the date of sur§ey
into consideration since stream networké are not tempo-

rally invariant.

\

Many other empirical researches“have been carried
oﬁt to refine and advance the methodological status of
drainage basin enquiry (Scheidegger, 1968; Gerrard and _
Robinson, 1971; Gardiner, 1973; Gregory and Walling, 1973;
Schumm, 1977a, 1977b; Gerrard, 1978; Gregory, 1978; |

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

In Central Europe (preéisely Romania)/'an attempt was
made at formulating a morphoﬁetric model for the Ia;omita
drainage basin which is a. tributary of'ﬁanube basin. The
basin has an.area approximately equal‘to 10,000km2, with a

basin length of 325km and an average basin width of 31km.
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It was aléo bbserved that the morphometric laws'weré
reasonably pbeyed in the sub bas1ns within the. Ialomlta
network. Flnally, an indication was glven that further
research should attempt assessing the exact 1mportjof‘

‘environmental factors in defining morphometric eleg@nts

(Zavoianu, 1985). ' o i

1.4.4 Studies in South-Eastern Asia and Australia:

In the Fowlers Gap and Wollondilly regibns of'Auéﬁ#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 statiétical analysis on the fact that a source-link
has a magnitude of one, while a tributary source-1link has
a magnitude greater than one. After the application of
the Chi-Square coptingencf test, the Kolmogorov—Smirnov
two-sample test, and the Mann-Witney UFtest, it was
deduced and'concluded that fhere were relatively mbre

short source-links than tributary source links.

I3

. / .
In Malaysia, Eyles (1966) considered Malayan topogra-

phical maps‘(1:63,360) as generally unsuitable for'detailed
studies of the linear and planimetric aspects of drainage
basin geometry. Supplementing the topographical maps with

aerial photographs, he concluded 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 Mglayan (1:63,360) maps. In another work, it was
observed that the inadequacy of stream representation on
West Malaysian maps was not ﬁust a function of map scale,

but was also related to land slope (Eyles, 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
analytical techniques, Faniran (1969) provisionally attemp-
ted demonstrating the use of drainage intensity as an
index of drainage basin surfaée'geometry. A notablé cha-
racteristic of the ‘two works cited above is that, being
predominantly seminal, they philosophically aimed mofe at
opening up a new research frontier rather than the testing
of margins of precision per se. Though such works were
highly exploratory and provisional, they formed a pfime

stepping stone for subsequent cognate investigations.
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Also in Nigeria, Ebisemiju (1976a, 1976b) observed
that an attempt to reduce overcrowding of the medium- and
‘small-scale maps with details has led to an incomplete
presentation of stream_networks.- B;sed on this, he
argued that stream network ordering shown in plue lines
on our topogréphical maps gives a totally wrong piéture
of the actual stream 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 resulting 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, 0ji and
Ozom rive;s which are tributaries of the Mamu river which,
in turn, is a tributary of the Anambra river (Ebisém&ju,
1976a, 1979a, 19i9b). He pointed out the issue of proli-
feration of geomorphometric parameters, but his rationale
- for regarding the total drainage density, total number of
streams, basin relief and averége length of first-order
streams as the only diagnostic variables may not bg readily
accepted, at least without verification in other drainage

basins, possibly with different environmental settings.
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In Western Nigéri;; drainage development was investi-
gated on the Idanre Hills (Jeje, 1974). It was a popular
belief that there was an inverse reiationship between
relief.and texture of diésection in granitic rocks. This
derives from and Was éopulariZed by Thorp's (1967) Study
of the Younger Granites of Kudaru Hills (between Zafia and
Jos) in Northefn Nigeria, from which it was concluded,
through unquantified evidence, that sﬁch a relationshipi
existed. But in yet a granitic area in the interfluves-of
Owena and Osofu rive:s, Jeje (1974) tested the correqunE
dénce of relief with drainage dehsity and stream frequency,v
and statistically inferred'that there isinb ciear'relafion-
ship between the indices of reliéf-and those of
dissection. |

It should be poted that unlike the work of Ovenden and
Gregory (1980), teﬁpd;al analysis of drainage hetworks has-
not been attempted-in'Nigeria. This is becéuse practically,‘\
we have only one. series of 1:50,000 topographical maps. Thev
air-photo-coverages of 1950, 1959, 1961, 1962 and 1963
(Appendix B) individually covéred distinct parts of .the ‘
country. These disparate coverages cumulatively formed thel

data format for the derivation of our current '1:50,000

topographical map series which came out in 1965, If each
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of the different coverages was nation-wide, then several

series'pf 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\morphometric temporal

.analysis can be meaningfully carried out. Such a temporal

: /’
analysis would normally evaluate the legacy of denuda-

tional agenﬁs. Since these agents are relentless in
operation, resultant changes in topographymand drainage
will be evident thrdugh a comparison (or’s&perimpositidn
in the cése of network) of the disfinct maps with diffe-.
rent base years. The 1977 air photographs by Meridian
Air Maps Limiﬁed only yielded l:l;OOO_prdvisional map
series for vegetation stﬁdies. Bp£ if topographical map
series on 1:50,000 could be derived from the 1977 aerial
coverage, then this can be used in conjunction'with‘the
1965 series for a temporalyanalysis. The time separating

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

‘Appendix B on one hand and those of 1977 on the other) is

. ) /.
just about two decades. This may not be long enough for

normal topographic¢ and network transformation processes to

produce significant changes. But man's increasing role in

accentuating geomorphological proceses now validateé

{
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temporal analysis even over a very short span of time.

»

The above review reveals a glafing paucity.of drainage
basin investigations in Nigeria. Such a situation, charac-
terized by insufficient studies, stresses the need for more
morphometric anélyses of ouf drainage basins under v?;ied
geological settings. Alsé, the above literature unveils a
dire need to further sharpen basic conceptual and analyfi—
cal tools; As an interface, a case can be made that net-
work morphometry 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 ihterfacial disciplihe.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 fili up the identified research
lacunae. Since this work‘will build upon what has already
been done, refine and enhance the methodological . status_of
the'disciplineland possibly open up new vistas, it ié 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. 1Its confluence with the Cross River is located
in the area 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 flu&ial
materials té the Aboine network. The major branches are the
Iyi-Azu-Ake-Eze, Ikwo, Mvuna,.Asu, Nyaba, Idodo, Oré, 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 Enugu and Abia  States, while.

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

Geologically, the arealis underlain by a variety of
éedimentary rocks, inciuding the False-bedded Sandstones,
the Lower Coal Measures, the Asata-Nkporo Shale Group, the
Awgu-Ndeaboh Shalé'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 soilj lithology and geomorphic
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) summarlzed the area s palaeo—geologlcal

.hlstory, notlng that - durlng the early part of the Turonlan

Stage (Upper Cretaceous period), the area experlenced an ex-

-ten51ve transgre551on, followed by tectonlc movements that
gave rise to the Oklgwe Abakallkl Antlcllnorlum and Aflkpo

Synclrnorlum (Figure 1). Apparently, rivers trlbutary to .

the Aboine river traverse the Oklgwe-Abakallkl Anticlinorium

‘while on the other'hand,‘the~Afikpo Synclinorium (havrng a
Apart of‘the‘Cross RiverAValley).is only marginal' to our

study area as it lies near the outlet of the Aboine basin.

The regression that followed the Turonian . .tectonism resulted-

in the accretion of the geological formations already enume-
rated above, as well_as the laying down of marine sediments

and fossils, such as thellimestOnes at Nkalagu..Intercala—

" tions and fragments of nodular iron—stones and ferrugihizedf'

indurated shales and sandstones characterize the area. -

Akintola (1982) claims that in much of SoutherniNigeria,xthe

sedlmentary rock ba51ns have mostly remalned relatlvely un- -

‘dlsturbed since thelr formatlon, though on the surface,

where the sedlmentarles were sllghtly tllted, continued

fluvial'activities have carved out prominent scarplands. The

'relatlve quletude experlenced by the area 1n terms of tecto-_'

nism 1s an 1ndlcat10n that there is no strong structural

control on the dralnage evolution of the area and thls

g
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underscores the suitability ofythe.Aboine-netWork for'an.‘
inyestigation ;h ararnage basin morphometry. L |

The: Aboine uetwork-rs-a:ciaSSic example-of;Super-,
“imposed drainage system; The relentless operation of flu- -
vial denudationalvprocessesron an exrsting geologioal sub-
structure acoounts for the ooncept‘of supereimposition.
Accumulatlons of a vast thlckness of younger sedlments may
mask anc1ent structures over a long period of geologlcal
time. The phenomenon of super-;mpos1tlon is ev1dent-when
oonsequentlstreams initiatea'on a certain geological'formaf\
'.tion vertically corrade their oourses through an unoonfor-
mity and subse&ueutly eucouuter.an older and substahtiaily
different-structure; 'Arsuper-imPOSed‘drainage is often |
recognizable from the discordant relatiousﬁip existing
between the drainage system and the newly exposed struoture
'.(Small, l978jrﬁutchinsoh}_1982); Vast areas of.the\African
oontinent buried under thick sedimentary deposits are
currently beiﬁg stripped; The resultant super—imposed
dralnage systems bear little or no relatlon to the. structure'
of the undermass nor the foss11 surface (Fanlran, 1986)
‘The rlvers in a- super-lmposed system are much younger than

the underlylng structure and this’ 1s typical of the Ab01ne

basin.
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~The area’ has a relatively 51mple topography comprlslng
the Cross River Plains and "the Nsukka Oklgwe Cuesta. The
're31stant sandstones in the Lower Coal Measures and the
lower part of.the Falserbedded:Sandstonesnformed‘the escarp-

ment, whose eastern scarp;face‘has_been intensely indented

at -the headwaters of the numerous deep river valleysé 'Most'_

'or the tributaries of the Ab01ne river ‘have their headwaters

on the scarp—face of the cuesta and cascade down eastwards :

and south-eastwards 1nto.the Cross River,Plalns (Figure 1).
Ofomata'(l975) noted thatlthis plain forms'a‘uniform,v
,sandy_sloping drainage basin'slightly.tilted'toWards the
.southseaSt,_ Furthermore;lthe plain is underlain by folded
'vargillaceous sediments of the lower part of;thevCretaceous
sequence and'the streams flow across the folded shales“
uThis discordant relatiOnshipvbetween streamflow and the
structure-of the undermaSS is traceable to drainaée super-

imposition.

Available meteorological details clearly 1nd1cate that .

the area has a humld tropical cllmate. Spec1f1cally, Inyang“‘

(1975) 1dent1f1ed ‘the’ climate of thlS area ‘as Koppen S Af -

type. Distinctlvely, w1th1n the Aflcllmate, there 1s a

mlnimum of seasonal varlation in temperature and prec1p1ta—

tion - both remainlng high throughout the year (Ojo, 1977)

X

S
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The mean annuailrainfall-recorAed in . the region ranées'
between 1,600mm and 2,500mm’(with three to fonr-dry months,
the-driest month having at'least 29mm of rainfall). The
copious ralnfall not only sustalns a maze of. permanent
water courses but also accentuates fluvial processes.”'The

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

The,area's geologioal snb—strneture is acted upon by
‘a hot ciimate characterized by an abundant rainfall and
the result is a thoroughly weathered, thick veneer of
regolith. The deeb.chenically weathered material forms the
basis for the deriration of the soiis of the area.‘
Pedologlcally,'red and red-yellow ferralsols are charac-
terlstlc of the area and the plant cover ranges from secon-

dary equatorlal forests to forest savanna vegetatlon.

From empiricallobservations, Ebisemiju,(l985a,l1987a,

;987b) warned that drainage,basins Qith a-w}de'rangelof
environmental conditionsnshould‘not be lnmged-together.inpn
‘studies aimea at’highlighting the interdepengence of mor-
phOmetric.attributes. This derives from the fact-that
’homogeneity of'phfsiographic conditions'is avveritabie
yardstiek for validating morphometrie-findings; Eveh.
though forty—ﬁour Strahlerffourth—order basins weregadenti—

fied, only twenty-seven of them were selected (Figure 3)
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based:on thetcritérién éf unifo:mity‘in envirbnméntal con-
‘ditions. As confirmed.bwaigure 2,‘the-twenty—sé§eﬁ basins -
,aré baéically unde;lain by shale formations giving riée to
a thiéklveneer Qf deeply weatheréd arénacedﬁs materials .

o . , o
The basins not only have a common geological denomina- .

with the parent rocks,rarely:being exposed.

tdr, but are as. well mainly iocated'on‘the.CrbssIRiverjplains
-adioining the Nsukk?—Okigwe Cuesta. Thus,_ﬁhe'resulting
topégréphy is.charactenizeduby a uniformly distinct fluvialA
system. The sqrfiqial fopogrgphié.expression of thelstru¢;>
'tural material ié éoﬁtinuouély transférmed‘by.flﬁvial‘
proceéses. «Channelized and unchanneliied overland flows,

as well as thppﬁgh flows, are the‘main’agénts fhét power.
-theée-topogiaphic mbdificatiohs; Using the Abpine b§sin as
an empirical caseL‘Séction 1.6 sﬁmmériZes thetstructure_of \
the'whole;work, while the next chépfer (Chapﬁer'Z)‘examines

" 'how the work was done.

1.6 Thesis Plan: S i /

There is no doubt that topological,~mdrphomet:icland>hypsd-
. metric analysés are almost syhonymous with extreme “labo--"
riousness, tedium and rigour. The structuring of the thesis

and the general language of rendition should create ah'overt
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(as well as a covert) impression of the empirical rigours
on which the thesis is based. The present thesis is par-
simoniously divided into six chapters, and the distinctive

essence of the work is articulated in the abstract.

Chapter One (the Introduction) defines' the loc@s of
the present work in relation to the current paradigm in_
drainage basin morphometry. The motivating problem, the
objectives, theoretical framework, cognate literature as

well as the geographical area for empirical demonstration

are all embodied in this chapter.

Chapter Two (Methodology) essentially lays the founda-
tion for the logic of explanation by illuminating the
nature and process of derivation of the building-blocks
(datai on which the inferences were ultimateiy premiséd.
The chapter is also characterized by streamlined procedures

~which authenticate the data and so, enhance the Qaiidity of

the inferences.

The third Chapter (Topological-Charéqﬁeristics) concen-
trates on the application as wéll as the testing of the
efficacy of several topological.techniques. The chapter eﬁ;
pirically uses these specific techniques to establish the
dendritic nature of the Aboine basin, hence vindicating its

choice for a morphometric investigation.
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The foarth'Chapter (Drainage Basin'faraﬁeters) centres
on morphometry with the aid of rarefied“mathematical tools
1nclud1ng multlple correlatlon and principal component ana-
‘ly51s. The chapter demonstratlvely 1solated the dlagnostlc
variables while simultaneously sifting and eliminating

S

redundant ones.

.”Chapter five (Hypsometric Analysis) attempts to
<ameliorate ah operational inadequacy (the useuof two-
dimensional'techniques to analyse a threeFdimehsional figure)
1nferred from Chapter Four. Accordlngly, the chapter (i.e.

' Chapter: Flve) represents a ploneerlng effort leadlng to the

derivation of vital hypsometrlc indices for the Aboine ba81n.<

~ Finally, Chapter Six (Conclusion) recapitulates the

essentlal flndlngs that emerged from the work, as weil as

: the1r 1mp11catlons in relatlon to further morphometrlc work:
I‘General;y, an attemptlwasvmadevtoucoherently link the
«chapters and to strike a balance hetween the use of syntax
" (verbal lahguage).ahd geometry (the language of spatial
formS); . The derivatien of numerous mathematical syntheses
(equations) atteststo the scientific uhdertone of the work.
The bibliography (of 177 items) signifies an awarenesy of
.Jrelated works while the appendices_show~the details of the

data utilized.
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- CHAPTER 2.

METHODOLOGY |

_SeqUel to the guantitatiVevrevolutfon,'guantification-
is part of the conventional.wisdom in geography}(including
geomorphology), but as to whether a conceptual revolution
has occurred,is still open to debate. When concepts are
balanced‘by technigues, the theoretical status'of the_dis—‘
c1pline is enhanced. ln order to achieve this balance, -
Chapman (1977) recommended that entltation should precede
quantification, argulng that geography has con51stently
and dismally failed to tackle its entitation problems.
Drawing from recent development in cybernetics, he (that is
Chapman, 1977) attempted'providing someutheoryyof:empirical
enguiry through Geographic Information System (GIs), which
was further explored hy Bennett and Chorley (1978$ to .
demonstrate the ektent to which available”and conceivable
systems technology can aid the development of an 1ntegrated

.theory Z&notable shift from- loglcal pOSlthlsm to phenomeno—k

I

logy(cbapman,,1977) underlies much of current geographical

. methodology.
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Empirical.ﬁork~is;plenned in such:a waj é?uto Strengthen
the logic of explanation; utilize'rigorous arguments, reasonf
able inferences and internally ‘coherent methods (Harvey;-
1969) This'methodoloéical stance.characterizes much of geo-.
morphologlcal enqulry Wthh runs the full gamut of. 1nvestlgae
tions ranglng from-fleld, laboratory, and. office observatlons
to theoretical work, as-cumulatively modelled in Figure 4. It
is conceded, as Rlchards (1981) p01nted out that operator
- variance in an unwelcomevmenner, creeps into morphometrlc
measdres through the'neture’of measyrement 1tself and the:
specification.of measurable.feetures.' However,'an attempt_
was'made in' the present work to specify operational definifl
tions in order to minimize operator variance.(as would be

Subsequently seen in,Sections 2.1 to 2.5).

2;1 ToEQgraphiC'Base:

Thevpreparation of an adequate topogrephic base forla geomor=~
phological:sﬁrvey is necessariiy preceded by a recoﬁnaissance
Which.isinvaluabléfor»properplanning of relevant fieid work.
Such a reconnoitring survey provides'the basic information
necessary for streamliniﬂg the various phases of the data'{
collection procedure. .Success in inferencelcoﬁSiderebly

depends not only on the method of anéleislnn:moreimportantly
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on the nature and quallty of data generated. To“enSure the
-generatlon of, the rlght type of data, the process of data
:collection should- be properly spelt out and followed syste-i
1matically._ Hence the need for plannlng prlor to the actual

‘field work cannot be‘over-emphas1zed.

For.very small study areas,'Verstappen (197O)Vrecommen-
ded that the field work should be precededrby an'aerial
.photosurvey and complemented by . laboratory (and offlce)
observatlons. Since our study area. is falrly exten51ve.

(2, 123km1), the use of ‘aerial photographs was not cons1dered
feas1ble. Alternatlvely,‘admlnlstratlve/thematlc maps with
SOme'hydrographlcal,detalls‘(Appendlx C) were ut;llzed in-
conjunction:with'reconnoltring surveys_toiyield'a;fair topo~ -
graphical elncidationrwhich.served'as fonndation for'the .‘ |
maln-surveys. The‘main'task was to e%tract the various data
‘types in relation.to the specific objectiyes already ~ stated

in Section 1,2

2.2 Data Types -
As an investigation in . dynamic fluvial geomorphology, the e
present work is pre-occupied with‘the.analySes\of p_r'ocessk’as'l

"as well as changes in drainage basin forms. There is a two- 3

way relationship betweeniform and process. Certainstructural
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and‘surface geéméfric‘prbperties of forms fa&ouf'thg_dperA-
‘tibn of particulér proceééeé; 'Onfthe other hand, the,’
operatidn of the'prdcesses leads to thé modifiCétion of the
original forms and the creation of new ones. Within,the
drainagé basin cOntext;'riversnare'ﬁisualized as the most -
potent logus of surficial modificqtion. Moyémenfs éuéh as
slumping, rotationallsliéping, mudflow, soil creep and
various forms of catenary activities do not compare in
potency with fluviai précesses poWered by the rivers. Thgse' 
riveré form the objedté of our'investigéﬁion,ﬂtogether with
the areavthéy’drain and the material on which they flow.
Topologicai data were primarily deri&ed from the.fiver
netwbrks; while planimefric details were_obtained from‘the
basin area bounded by contours of intgrést (as would be ‘seen
later in Sections 4.1 and 5.2). The material over which the‘n.
Arivers fiow forms-thé lithology; and geomorphpmeﬁric details
of the iandscépe were;derived through the analysis of the
~relief. By nature, topological and planimetnic,details_are
typically lineal and areal respectively. Geoﬁorphometric
details (with partiéular reference to relief) are signifi-
cantly volumétric. The aata types; of necessity, hédlto

_determine.the sources from which the data could be generated.
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2.3 Data SOurces} |
The empirical'natnre of muchhof éeomorpho1o§ical enquiry
underscores the rigour of data’collection and analees so.,
as to validate the:inferences ultimately arrived at. - A
large mass of data can be extracted from secondary o
sources such as llterature,-maps and theoretlcal models.
However, secondary data could be given more valldlty when
butressed w1th data from prlmary sources sucheuslaboratory
experlments, 51mulatlon and dlrect fleld observatlon.
RetrospectiVely,zthe,branches~of geomorphologlcal investi-
gations were schematized in Figure 4. Bothufieldnand
laboratory observations.yield?primary data, while office
' observations yield secondary‘data and-data from both
sources'can form the adenct for'theoretical.work. Some:‘
, 1nvestlgatlons such as the monltorlng of er051on,vare ‘
prlmarlly fleld based, whlle others such as the 51mulatlon
of geomorphologlcal processes, or the analy51s of geo- :
chemlcal propertles of so;l,samples,;are prlmar;ly labora4
tory-based. But'drainagelbasin morphometry'(&hich is our
main concern.in.thrs work) isrconventionally and,predomi—'
nantly office-based. Therefore, mapsvconstituted the most .
dominant data .source for this work whiie’the resulting'

data had'to'he corroborated‘with'field work.
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Géoldgiéal aﬁd tongrépﬁicailbasés were éStapliéﬁea‘
with the aid of the maps listéd in Appendices D énd,E;_
The-Nigerian‘1:250,000 geological series (Enugu Sheet 72,
' Ogojé'Sheet,?B,'Umuahia‘Shgét 79, and Oban Hill Sheet 80)
were ﬁsed‘té détermine'theidétéils of fhe geologicai.sﬁbf
‘strﬁcture of,thé'study:area;‘ Thirtéen 1:50,000‘topéé:a—
phical sheets formed the majbr»source for thenextractipn
of drainagevnetworks.' The reliability of‘thesé maps‘(both
geological and.topog;aphical)linftermslof their dates of
compilation and air-photo sources éan élso be inferred
from Appendicés f and B, réspectivelyt The éir surveys
_Wwhich started’in 1943 and ended i£i1954 were specifiqally
for geological purposes. The resﬁlting geological-mapi
series on 1:250,000 is therefore the most detailed
nation~wide geoiogical coveraéévon the laigest available
scale. As geblqu‘is virtually consiant, the currency'of
‘this definitive mép series is ébviously'not‘in-doubf.

The only availgble, 1arg§st in terms of scale; ana
.most ub—to-date tqpographicai”map series in Nigeria is on
a scalé of 1:50,000. 'Quité.unlike geology,‘the'topbgraphy
- is more dynamic and susceptible to change by agénts of
vdenudation. Since ﬁhe alr-surveys were carried out

between 1950 and 1963, some topographical modifications
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(howeyer smail) must.have occurred to_date}. However, the
operating processeslhaye not been noticeably accentuated.
and'SO'the cumulative landscape modifiCation might.not be
very significant‘ “fhis ~does not invany case'underfrate4
the need for another series of topographlcal maps 09 the
same scale to hlghllght any temporal ‘change in the topo-
.graphy. The mapping of Vegetation resources was particu—
larly’the-target of the'1977'aerial photoécoverage of the
country by the Merldlan Alr Maps lelted of Ottawa,'
Canada. It ylelded a prov151onal Vegetatlonal map series
on l:l,OOwahlch only serves as an-adjunct to the vegeta-
tion and landdnse-map serieston 1!250 000 and is:unsuitable
for morphometrlc work The obv1ous 11m1tatlon of poor
‘network resolutlon at 1:50, 000 was made up by recourse to
fleld Verlflcatlon and the contour crenulation technlque
(Morlsawa, 1957; Eblsemlju, 1976b) as demonstrated in

'Section 2.4.

2,4 Extraction of-Data:

Statlstlcal 1nferences are usually premised on the analyses
of data. The data comprlse the ba51c 1nformatlon unlts
’available to the researcher. Slnce the researcher's final

output should‘be'coherently and logically synthesized, . the
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fundamental unlts must equally be pre01se and systematlc.
The quest for data for our present 1nvestlgatlon was.
designed in consonance with the above procedural requlre—
ments. This underscores the scientifio undertone of our
data extraction.techniques. Standard'methods were
strictly followed‘during the appraisal of the various g
=geomorphometric properties. Using the‘metric:system,
‘ numericalgvalues we:e_consistently'assiéned to the rele-
vant identified attributes.‘JThe resulting.quantitative

characterization is consistent with the philosophy of

current'mofphometric methodology.

Morohometric-analysis in.reiation to drainage.net—
work tequires a clear stream classification system and{
for obvious advantages already examined in Section 1.3
above, Strahler!s.(1952a) system was preferred ‘It has
f’been observed that the most dlfflcult problem is to .
establlsh and compute the number and. lengths of first- order'
streams (Bauer, 1980; ZaV01anu, 1985) ThlS pfoblem
‘obv1ously derlves from the scale of topographlcal maps used
for network extractlon. Morphometrlc analyses have always |
been carried out us1ng medlum—scale maps. (Ghana‘— 1 62 500
Malays1a - 1:63,360; Nigeria - 1:50,000; Sierra_Leone -

1:62,500). However, investigators innthe United States of
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America (usiﬁg the USGS - 1:24,000) amiUnitedKingdoﬁ
{(using the 0.S. - 1:25,006) staﬁd_at an advantage in that
they use topogréphical maps that are comparatively on |
larger scales. This is because the smaller the scale of
topographical maps used, the less the degree of drq;nage
network resolution and vice versa. A number of anaiysts‘
have verified the accuracy of stream networks inferred
from topographical maps 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 impétus provided by their sophisticated mapp-
ing technology. In the Third World Countries, backward-
ness in technology proves to be a major constraint with

respect to the provision of maps needed for morphometric

"work.

Furthermore, some degree of complication is introduced
!

1

by operator variance on the part of the cartographers who
compiled the existing topographical maps. Much subjectivity
underlies channel extraction especially at the stream

sources. These inherent shortcomings are unavoidably
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'embedded in'most.medium soale topographical maps. Such
shortcomings ought to be invéstigated if subsequent in-
formation-derived from the original maps is not to be

erroneous. and misleading.

In this work the blue line method was first -adopted 7
with the ald of the 1:50,000 topographlcal maps produced
by the Federal Surveys, Lagos. At this stage, the use of
'the blue lines had to be prov151onal since the llmltatlon
of poor network resolutlon was still to be remedled with
a complementary technlque. Our study area has perennial
stream channels as opposed to- arld areas w1th 1nterm1ttent\7
streams. ThlS 1mplles that the dralnage network would
_'resolve on aerial photographs 1rrespect1ve of the season
when the aerial coverage wds carried out. (Appendlx B). They
blue lines of topographlcal maps are based on the networks'
4that resolved on the aerlal photographs. To some extent,
the blue llne method 1ssu1table but the obvious drawbacks
merit a serlous con51deratlon..'Based on fleld verlflcatlon,.
'a consensus among dralnage bas1n analysts. ranglng from
Coates (1958) to Zav01anu (1985) shows that first-order
,streams are.predomlnantly not represented on medlum—scale'

“topographical-maps. Consequently, the blue line method was

supplemented with the contour-crenulatlon technlque.‘ ThlS
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is applled wﬁere a contourlcrenulatlon forms aﬁ angle not
uexceedlng 120° in at least two consecutlve contours. The
,contour-crenulatlon technlque'was greatly ut;llzed in
this work. to derivelthe 1inear‘extent,of.the drainage.netfv
work. fhe oéerational‘basis is toAameliorate_the shorf—-

comings of the blue line method already referred to.

Thus, With thése_éwovcémpiémentary teqhniqueé, ﬁhe
netowrk. extent is‘fairiy'well—eStdblished.: All>liﬁear'
measures were carriea out ‘with the use of . an opisometer.
The pattern of:contours guided.the'dglimifation_df the
Vafious basins and inter-basins. The'areal measuréments
were made;psingnsquared‘(lcmZ).transpa;ent 6§erlays‘$nq
each squéré covers aﬁ areé of50.25kmé on the grdund» 1

(Appendix G).

_Based on.homogeﬁeous physipgraphy, 27 fourth—oédér.
basins develdped 6n“£he Crossk,RiVQr Plains were studied .
(Figure 3, Appendi# H) . Mofe.than 95% of the fourth—ofder
basins Whiéh meetithié_criterion inAthe Abéiheﬁnetﬁbrkl

/

were practically coveréd.1AThe'only exception ‘was the
area_drained'by the. headwaters of the Ikwo river in the
Okigwe/Umuahia area. As we found out from the Federal

. Ministry of Works ‘and Tranqurt; Survéys Division, -Lagos, -
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this area is probably the only area 1n ngerla that is
surprlslngly not covered by the 1: 50 000 topographlcal
series. ThlS fact corroborates an earlier observatlon
in which it was noted that (by 1982)

B 50 000 sheets have been publlshed
. or are in advanced state of prepara-: -
tion for all of Nigeria save the Aba-. a
Owerri area (Nos 312 and 321) which
is available at 1: 100 000" [Barbour,
1982, p. 10).
We dec1ded not to- carry out any’ analy51s of the Ikwo head-
Awaters even on the avallable scale of 1: 100 000 ThlS lS'
predlcated on an understandlng that morphometrlc analy51s
~at such a small scalerw1llonlyexaggeratetheverrorterm;
in relation to network extraction. “Our operational design
was engendered a priori by a strong conv1ctlon that mor-

phometric relationships are capable of extrapolatlon in -

terms of scale.

Large masses of topological and morphometric data
were,generated. The topologlcal details ‘are treated 1n
Chapter 3, the hypsometrlc data are malnly analysed 1n
Chapter 5 whlle the entlre morphometrlc datathat:form the
A basis for Chapter‘4, are‘presented in Appendlx I. For a

prima facie.interpretation,qthe figures in,Appendiva

(for,each of the 27 basins) are'the respective_values'of
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the variables ifrom 1 to 15), and the units of their
measurements are also aslcontained in Appendix A. For
example, for basin number 01, the first variable is

N, = 33.00; the second variable is 2 L; = 55.50km; the
third variable is A; = 1.28km? ... the fifteenth .

variable is HI = 0.203.

The choice of these fifteen variables was necessarily .
predicated by the need to avoid unnecessary duplication
and redundancy in the isolation and combination of
-variablés. Relevant areal, lineal and relief Qariables
that have frequently featured in morphometric analysis
were consciously utilized in the present investigatién.
With the use of appropriate statistical techniques, the
data generated had to be analysed in COﬁsonance with the

objectives of the study.

2.5 Data Analysis:

Leopold et al (1964) summarized the feelings of professional
geomorphologists about numbers, graphs and fd}mulae as
ranging from acceptance and enthusiasm to bewilderment ana
forthright hostility. It is argued that ih~some cases,
numerical descriptions can give misleading and erroneous

impressions of erudition. This could derive from the fact
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lthat:quantitative techniques are,-most prbbahlj, the .-
Sharpest-tools‘ofhana;fses with'a..corollarf'of:Causihg
.the greatestvharm if wrohgly.applied;‘ | '

However, quantlflcatlon has come tolstay, hav1ng
‘establlshed 1tself as part of our- conventlonal thought.
This is why Burton (1963) concluded that ‘marginal returns
for‘arguing in favour of quantification hayervirtually
become nii. 'Withrthe current data explOSion facing our
discipline,lquahtitative techniques have proved'very use-
ful in yielding»the:desired synthesis,, This advantage
v‘has been accehtuateddbyithe,advent of»modern.electronic‘
computers, leadinglto’a widespread use of package"
programmes. .

Since a handwagon use would aiways.iead to flagraht
abuses, Haggett (1969) warned that the use. of package pro—
\grammes w1thout a proper apprec1atlon of the underlylng
assumptlons and 11mltatlons can lead to the transformatlon"
of one complex and puzzllng mass of data 1nto another
complex and puzzllng mass of data. ThlS re—echoes
Hagerstrand's (1967) assertion that actually the cohputer'
is'a'friendly animal' ThlS 1s so because the computer

readlly accepts any set of 1nformatlon (data), manlpulates
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it and displays the result %n whatever way the uéer
specifies. Thus, the manipulation is done irrespective
of both the nature of data and the underlying assumptions
of the statistical technique employed. However, in this
work, the operational requirements of the individual
statistiéal 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 fof fifteen variables (see list of variabies,
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 derivesffrom the
exploratory and analytical nature_of this work as well as
the need to cope with the’multiplicity of variables. The
basic concepts and operatiohal prdcedures of facto;iql
analysis have been demonstrated in literaturg (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 use fo a smaller set of factors as source
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" varlables to account for the observed relatlonshlp 1n the'
: data. This type of analy51s'1s useful in terms of explor—
ing and detecting the pattern of variables. It proves
useful for the testlng and conflrmatlon (otherw1se, refu-
tatlon) of the hypothetlcal structure. It has also formed

the basis for the derlvatlon of new 1ndlces -and p0551bly,

new Var;ables that can be used in further analy51s,

Factorialﬁanalysis actually subsumesimany alternative_
procedures. The need to reduce a large mass of data and
explore the underlylng dlmen51ons necessrtated the use of
Principal Components Analys1s (PCA, Appendlx J) . Inv
dralnage ba51n morphometry, impresslve results have_been'
recorded from the appllcatlon of PCA by Mather and
‘Doornkamp (l970) and Ebisemiju (1979a, l979b{. In the pre-
paration of a correlation'matrix'through the principal‘
ax15 method the computer carrled out the- type of factor
analy51s based on correlatlons among the 15 varlables. The
resulting multiple correlatlon matrlx (15 X 15) had. unlty
along the dlagonal‘ ‘and thlS 1s procedurally normal. Whllel
eXtracting the inltlal factors through data—reductlon,'a
~new set of varlables were . deflned as an exact mathematlcal

»transformatlon of the orlglnal data. The factors/components
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were finally orthogonally rotated to a terminal solution.
The rotation was accomplighed through thé Varimax method
iwhich maximized'the variance of squared values of loadings
in each component. Finally, the operation produced a
simplified but theoreticaily meaningful pattern of

Ve
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 mérphometric parameters cémplemented the topological

analysis of Chapter 3.
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" CHAPTER 3

TOPOhOGiCALACHARACTERISTICS
Cole and King (19685'noted_that.drainage pattern is one of
the most conspicnous patterns on the topographic surface.
The'organisation ofwthelstreamynetworks can be analyséd in
a number of different ways. The present chapter centres on
less- quantltatlve aspects of stream network analyses which
are tOpologlcal in nature. nghly, quantltatlve methods
-involving rarefied mathematlcs would be treated in Chapter

4.

3.1 The Concept of Topology.

In a conceptual deflnltlon, Harvey (1969) stated that topo—
logy is a qualltatlve form of geometry and that 1t is
'prlmarlly concerned w1th the contlnuous connectedness
between the p01nts of a flgure. .Belng very’ba51c to geo-
metry, topology prov1des a very simple linear and numerical
perceptnal conceptyoﬁ space fron which other‘higher and

more rarefied'geometric properties can be derived.

Since.links'are very‘basicvto onr analy31s, it is
1mportant to summarize their operatlonal definitions and :
other terminologies 1nvolved in this work. Sources“are
the farthest npstreamipoints in a network and a fork refers

to thé confluence of two channelsib Any length of‘Channel
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without an interbening fork ie Called-a ligk. More comf
prehensively, a link simply aefines‘the channel length |
stretchino from a source to the flrst fork or in-between -
two conseoutive forksfor between the last fork and the
channel;outlet,' Whenia,link'termlnates in'the'upstream-

-

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

it terminates in the‘upstream.end in a'fork, an

interior link results. When two consecutive tributaries

at*the~upstream and downstream ends enter the main chan-
nel”from:the‘same.side, the.link formed on the main
channél is known'as a cis—link and conversely, if they

enter from opp031te 51des, a trans-link is formed The

basic terms lntroduced above are further 1llustrated in

:Flgure 5.

In any network the maximum number of links from a
source to the outlet is termed the dlameter (d) whlch is
a topologlcal malnstream length index. The number of ex—
terior llnks in a network is equal to the magnltude (M)
of the network (when the exterlor links are a£s19ned a
magnltude value oﬁ one). The magnltude of a network 1s
equal to the number.of sources ultlmately trlbutary-to.lt.

An empirical relation exists in which a dendritic- network
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with maénitude, M (i. e. having M sources or eXte;ior liﬁks)
ﬁust 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:

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 samples 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 éysteml
developed by Gregory and Walling (1973) is most approprigte

for process investigations.

In our investigation, the Strahlerv(l952a) system'was
used as the basis for identifying the drainage basins. fable
2 shows the resul; of this ordering. 1In order to draw some
statistical inferences from the data, the number 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;
network following the Strahler (1952a)
ordering system
Basin Stream Orders
S/No 4th-0Order 3xrd-Order 2nd-Order lst-Order
1 1 2 9 33
2 1 4 17 62 .
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 / 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
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relationship (r = -0.897) found to éxist between stréam
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 6beyed is not of much interest
per se when compared with the fact that our observation is
in agreement with findingé arrived at elsewhere (Mprisawa;
1962; Leopold et al, 1964; Knighton, 1984). Subseqﬁéntly,
our topological analyses followed Shreve's (1967) magnitude-

based system.

3.3 Models for Topological Work:

Approaches to topological network analyéis 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".
(Javis, 1976b, p. 1224)

At one end, some purely probabilistic models have been

advanced with random walks theory as their mathematical
basis. For instance, Shreve (1966, 1974) argued that net-
work topology evolves at random in the absénce of-climatic,
structural and topographic constraints. This formed the
basis for Topologically Distinct Channel Netwo?kszDCNs)

each of which is equally probable in the absence of
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constraints. . The humber‘of TDCNé.of any‘magni£ude acédrding

to Shreve (1966) is:

L 5(<2M-1)!)
(M)  2M-1 My (M-1)1 S . v (4)

where N is the number of TDCNs

‘and M is the magnitude.

- For ekample,”é_magﬂitude 9 network has approximafely 1430

| TDCNs. - qu‘ne£works are said to be t0polo§ically'indentical
if one of thém.caﬁ'be méae cangruent to the'other'simply‘by
continuously,dgforhing the links without removing fhem from
" the plane (Shreve, 1966;'Kirk5y, 1976), TDCNSf ih contra-
distinction to ﬁbpblogicaily identical ones, are”thosé$whose
. map projections cannot be deformed céntinuously in the plane

of projection so-as to become congruent (Shreve, 1974).

The‘random mbdel relies on,Fellep's (1957) raﬂdom walks
théory of !firéﬁ_rgturﬁs';'and'its éreateéﬁ obstacle to fhe
‘attaiﬂmént_qf a wide currency. is thé faéf that it has over-
drawn from its association with the theories of groups and
complervafiables asVWell_as the élgebra of éomplex‘numbers,
The resﬁlt has been thaﬁ éfter'ﬁhe various‘tfansformatidns,5 
transpositions and rotatiéns bperatiohally.rééuired, the

mystifying model only yields a mystifying resultiwhich.broves

. 8
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more of a mathematical exeroise[ almost addihg,nothing
new;totexisting‘knowledge;u‘Thelchallenge’is forhthe
formuiators'of such highly theoretical concepts to trans-
late them to the level of‘practical application; Research
endeavoorS‘shouid not;justvyield pure intellectﬁal‘ideas
but the ideas should be meaningfully reducible to'praoti-
:cality‘in the sense that the associated theoretical suéer-
structure'shouid be"rooted in practical reality. The how
of an investigatron shodldvbe'complemented by the EQZ; and
neither the'technidueS'nor theroonnotations of the results
should recei&e lopesided emphasie.This recalls an earlierA
indictment:of‘the qﬁantifiers for’being more interested in the
language of their commuhication than the subStance.being

communicated (Olsson, 1975).

It has been argued that the Strahler-ordering system
is conceptually too broad and 31mpllstlc and that, on the T
other hand, the random model is too detalled and compllca—
ted. The greatest 1mped1ment to the random model at the
empirical level, however, seems to be the size of data
necessitated by such an analysis. Accord;ngly, it was ‘noted/
that | |
"a major difficulty with the topologi-
. cally random model-is that the sample
~ size necessary for direct 'statistical -
analysis is prohibitive for all except

the smallest networks".
(Mock, 1971, p. 1558).
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This, most probably, was whqt motivated Smart (1969) to
develop an intermediate measure, termed ambilateral
classification scheme, which derives from the fundamental
assumption of the random model. The ambilateral scheme
preserves much of the topologic information. Nevertheless,
a major limitation is involved and this is because thé
scheme can only be empirically demonstrated in &ery small
networks. In 1a£ge networks, the sample size becomes pro-
hibitive as in the case of the random model. A similar
mode of analysis 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 fhe network outflow.

While scanning a network through the random walks °
process, Ferguson (1980) proposed an indek defined by the
maximum 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:



: , ) » 81
E = ZM.Hi/_S_ M.H_ . | (5)
where M is the magnitude of a given point and

H is its link distance; the subscripts i and e

denote summations over the interior and

exterior points respectively. -
’o

Still in its seminal form, the denominator of equation (5)
is the product of magnitude and link distance. But since
the magnitude of all exterior links is constant (being
unity in our classification system), M is certainly redun-
dant and should not be retained in the denominator, hence
our modification: A
n n |
E = > MxD, / > D (6)
Coi=1 - i=1
where M is the magnitude of a given fork or
confluence and D is its link distance, while

i and e are the same as in equation (5).

The E-index is a precise structural measufe for thé analy-
sis of network graph. Contrastingly, the otﬁer indiées

such as Shreve's 01966) random deel and Smart's (1969)
ambilateral scheme, are enshrouded in mystifying mathematiés
and lack general empirical demonstration. The E—inaex was

therefore adopted, together with a combination of other
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measuree capable of describingldrainage network structure
‘in terms of links following7James and Krumbein 81969), and

in terms of elongation or compaction by using network dia-

meter and magnitude.

3.3.1 Link Analysis: 4 i -
d . - a

Table 3 shows the results of link analysis of the twenty-

seven fourth%order networks. of the Aboine_drainage basin.'

A total of 421 links.were examined in twenty-seven

seqnences along the'mainetream,diameter.' The proceSS had
to be truncated at,linkekwith,magnitudes ranging between

six and four. Thls method whlch terminates analy51s between
magnitudes four and six is not only . procedurally justlfled
but also necessary since trlbutary handedness becomes ambi-’
guous at very 1ow magnitudes. Trans-links along the diame- .
ter totalled 232 (or'55.ll%).and cis—links totalled 189 (or
44.89%){' The preponderance of trans-links‘over cis—linke

is a clear 1ndlcatlon that the Aboine dralnage network is-
typically dendrltlc. Geologlcally, there 1s/not much struc-
tural control on the drainage evolution and this fact gives
accent to the suitability of the Aboine network for tOpolo—~

gical work.

Our results are in consonancé with other findings

under similar circumstances. For instance, in the Middle
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TABLE 3: Link analysis ©f the fourth order sub ba31ns
of the Aboine network
Cis- Trans-

Basins| links | links Diameter | Magnitude E-index
1 7 11 Co21 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 3 Total _

= 189 |= 232 - 19.9¢ |= 1333 E=6.52

(44.89%){(55.11%) .
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Fork of Kentucky, free of geologic controls that might
distort the almost classical dendritic pattern of the
stream network, a census of streams of magnitudes 2 10.

revealed link frequencies of 293 (or 60.40%) trans-links

and 192 (or 39.60%) cis-links (James and Krumbein, 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 determination of the diameter starts at the
‘outlet 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 diamete;
gives an ‘indication 6f the extent of the drainage basin
within which fluvial bfocesses 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 Kruﬁbein(l969)' recommended that if stochastic~
process models are to be debeloped, observational. measure-
ment data should be related to stream process rather than
channel fesponse.' Network magnitude refers to the
number of sources in a draiﬁage basiﬁ which, in turn}
gives a numerical indication of the spots where actiéé‘
headward erosion'énd network extensions are more likely to
predominate. For the 2,123km? drained by the fourth-order
networks, the total magnitude waé 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 tc be positive (r = 0.75).

The strength and direction of relationship between
magnitude and diameter E-index and diameter, and E-index
and magnitude were calculated with the aid of the techniques

of bivariate correlation and linear regression. The equa-
/

I

tion of a least-square line was calculated using a linear

regression of the form:

? = a + bx (7)
in which
n - —
> xy - nxy
b = i=1. - - 8)

n ,
>~ x2 - nx?

i=1
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and a = y - bk ' (9)
where 2 stands for the'predicted value of
the dependent variable, g is the indepen-
dent variable, while a is the intercept
and b is the gradient of the least-sguares
line. -

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 derivation of an

equation of least squares line:

d = 7.12 + 0.26M " ' (10)

where g is the predicted value of diameter

and M is the magnifude, which is also the

independent variable.
?he regression operation was brought to a logical conclu-
sion through the application of a goodness of fit test on
the regression equation. .This involves the calculation of
the stapdard error of estimate, a general form of which was

defined by Spiegel (1972) as:

S o= | (11) -
y-x / iy - 2
N
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FIGURE 7: RELATIONSHIP BETWEEN DIAMETER AND
| MAGNITUDE AMONG THE FOURTH-ORDER
BASINS OF THE ABOINE NETWORK



88

where Sy % is. the standard error of estimate

of the dependent variable (y) on the indepen-
dent variable (x), y is the-predicted value’

of the dependentnvariable using the regression
equation and Nlis the.numhervof'pairs of
variabiesq: o | ‘V

" An application of equation (11)to’theoreiationship between
diameter and magnitude led to ‘the derivation of the stan-
dard error of estimate of diameter on magnitude (Sd M=
_‘3.36).-'In,Figure 7, the reiationship between the regrese
sion'line defined byfequation (16)'and'thevsoatter of the
observation pOints is further eluc1dated by the standard
error of estimate. Accordingly, up to 77 '78% of the co-
ordinates.are scattered Wlthln a distance,of one standard’
error of estimate (Sd M 43“36) from the reéression line.
ThlS least squares regress1on line is therefore a good

fit for the data p01nts and the 22. 22% of the pOints out-
51de the ‘range defined by the Sd M could be attributed tod

/
;sampling fluctuations and minor measurement errors.

3.3.4 Network Elongation:

A consensus of opinion exists among drainage network.
analysts that.the magnitude parameter reflects the amount r

of drainage development headward from anngivendpoint on



_configuration of . the network downstreamwfrﬁ

i a.h«\l

Javis (1972) algebralcally synthes12ed these details into

the E—index (equation (5)), suitable for the estimation of .
the degree of topqlogical elongation (and compactionL among
drainage networhs; ’In'addition tovbeing an index of gymme—
try (or otherwisel; the structure.of'links in a network can
'be topologically analysed to highllght the lineal ‘and areal?
extent of the basxn concerned Network extent (1n terms of
elongation and compactlon) is closely related to the under—
lying geology and llthology.; ?he 2,639 links of the Aboine
fourth~order networks.werevanalysed using’the ﬁ;index
(equation (6));_.A?multiple correlation'of the variables
utilized (Table e)lrevealed thath*index correlated;posij
tively:withkmagnitndev(r =e0.90). Magnitude correlatedA
positively with draihage'area (r‘=“0;75) and E-index also
positively correlated with drainage:area (r =.0,58). |
Fiéure 8 showsfthe scatter’diagram of which ailinear,
regression yielded,the»eqnation: I f“--if/A

£ = 208'+009M'-- o S (12)

where the value of the predicted E—lndex

is represented by E, and M stands for'

‘magnitude. '_‘. rs'_fw f},__ir o
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‘JaVlS (1972) algebralcally synthe31zed these detalls lnto

' the E—lndex (equatlon (5)), sultable for the estlmatlon of
the degree of topologlcal elongatlon (and compactlon) among
'dralnage networks. “In addltlon to belng an 1ndex of symme-
try f(or otherw1se), the structure of links . 1n a network can

- be topologlcally analysed to hlthlght the llneal ‘and arealJ

“~extent of the basrn concerned. Network extent (1n terms of :

' elongatlon and compactlon) is closely related to the under—
lylng geoloqy and llthology.” The 2, 639 llnks of the Abolne

fourth-order networks were analysed usrng the E 1ndex

. (equation (6)) ' A multlple»correlatlon of’the varlables

utlllzed (Table 4) revealed that E-lndex correlated posr—A
‘ trvelY.w1th megn;tude‘(r =- 0. 90). Magnxtude correlated ‘l
positively with drainage area((r e‘O.ZS) and E;lnder elso.
positlvely correlateﬁjwith dreinaéelarean(r =”o;58}g
‘ fiéure 8 shows:theIecettertdlegraﬁ of whleh a linear.
regression flelded.tne‘eqnétion:' T -lre 1,f' |
| ’E‘: = 2,08 + o;vdsa.ga:'-ﬂ | B S (12)
- where the taihe.ofﬂthe predicted E—lndex“‘
is‘represented by‘ﬁ,xanQ_M'etqnésmﬁor.::

+

magnitude.



P

e

i

90

TABLE 4: A 15 x 15 multiple correlation matrix

derived for the Aboine basin

N L oL, B[Ry, |28 |EL ig Ag h | Dg Re R, d E HI
N, |1.00 | - - | - - - - - - - - - - - -
Sty | .90%| 1.00 | - - - - - - - - - - - - -
& |-.001] .38 | 1.00| - - - - - . - - - - - -
Rpg | .29 | .23 | -.08|1.00 - - - - - - - - - - -
Y N | .99%| .90%| -.001 .26 | 1.00 - - - - - - - - - -
STLo| .89%] .99%| .33 .22 .89%| 1.00 - - 4 - - - - - -
Lg| .15 | .s0-| .78 .09 | .14 | .53 |1.00 | = | - - - - - - -
Agl .75%| .93%| .49: .15 J75%| - .95% | .67%x | 1.00 | - - - - - - -
h| .20 | .42 .32 .23 .20 42 .40 «43 | 1.00 - -1 - - - -
g| 09| -.20 | -.71| .06| .09 | -.25 | -.80% | .46-| -.23| 1.00 | - - - - -
Re| .03 | -.03 [ =.29 | =.35 05 | -.01 | =20 | -c02 | -.04 14 7 1.00 - - - - -
Re| .05 | -.02 | ~.35 | -.35 .06 | -.02 |-.32 | -.06 A1 .42 .75%| 1.00 - - -
d | .92%| .81x| -.02| .37 L9251 L79% | .12 L62% |07 18 | -.17 | -.09 1.00 | - -
E | .90%| .78%| -.05| .36 .89%|  .76% | .09 .58% | .09 .22 -1 | -.08 J96% | 1.00 -
HI | w15 | -.07 | =.39| .36 .15] -.08 |-.52-| -.22 | -.01| .53 | -.03| .04 a8 | .23 1.00
No. of cases = 27;
« = gignificant at .0l;

* = gignificant at .001.
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A goodness of‘fit test using equation (11) gave the standard
error of estimaté of Eéindé% 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,error of
estimate (SE_M = t+ 1.38) from the regression line. The E-
index was also regressed upon network diameter with thch it
also correlates positively (r = 0.96). The resulting graph
is sthn in Figure 9, and the equation of the.least—squares
line arrived at is:

B = -0.27 + 0.34q (13)

where %_ié the predicted E-index using

diameter (d) vaiues.
The validity of the regression analysis was established by
calculating the standard error of estimate of the E-index
on diameter using equatibn'(ll). The operation yielded
Sp g = * 0.82, with 92.59% of the data points being concen-
trated within a distance of one standard errbr of estimate
about the regression line. Apparently, the linearitf of
the scatter diagram (Figure 9) 1is indicatiyé%ﬁfthegoodness
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.



0+

R4
1

© TTihugdA vl d

+0 34d |

.az ( 92:59%)

™ : 2,0 — PR
Diameter (d) '

FIGURE 9 RELATIONSHIP BETWEEN THE E- INDEX AND
NETWORK DIAMETER AMONG. THE FOURTH ORDER
BASINS OF THE ABOINE, '




94

L Furthermore, s1nce the E- 1ndex is at the core of our
topologlcal analys1s, 1ts dlstrlbutlon was analysed in
order to reveal its degree_ofAsymmetry and peaklness, In
ascertaining how symmetrical (or asymmetrical) the~ddstri-
bution was, we applied'the.momental_skeWneSS test (Ebdon,
1977) of the form: - . R , &
L (x - %)3 | < N
. i (x x)d' o N (14)

where § is the standard deviation and

_H_
_qu,
’—l

(x.—'E)IYiSTthe'cdbe ofrdeviationsifromle”'
' the mean for the 27 cases (n) . .

Equation (14)vyieided a SkewneSS of 0.67. The tech-
nique of.skewness-actualiy measures the extent to.which_
the values are‘diStributed‘abodt the mean. A symmetrical
distribution hasléero shewness. "When more of_the Values
are_below.the,mean,'the'distribution is posititely,skewed
(and Vice versa). The distribution of'the”E—index in.the‘

,Ab01ne basin is p051tlvely skewed, w1th 15 ba51ns hav1ng
thelr 1nd1ces below the ‘mean (E = 6.52). The E 1ndex 1s
relative, and'ls‘essentlally useful»for'comparatlve analy—‘
- sis. Though more of the networks are relatlvely compact,

yet the elongated ones, Wthh are:: fewer in number,'are_



'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
drainageAarea (r =:0.58), revealing relatively more'qompact
(and, therefore, smaller) basins and fewer elongated (and,

-

therefore, larger) basins. \ ‘ d

The peakiness of the E~index distribution was also

tested using the kurtosis test given by:
n

. ‘E::-(X . x) 4
' 2~ (x - %) .
K, = 1=1 | (15)

' 4
nd

where (x - §)4 is the deviation (from the .

mean) raised to the fourth power for the

twenty-séven cases (n), and.5'is the stan-

dard deviation. |
With equation (15), a normal distribution yields a kurtosis
of 3.00, a peaky distribﬁtion inés a value much greater
than 3.00, while a very flat distribution yields a value
much less than 3.00; In the 'kurtic' language, very peaky
distributions are deécribed as leptokurtic and on the other
extreme, very flat-ones are platykurtic, while those
moderate distributions whose values do not.significéntly
depart from 3.00 are described as mesokurtic. An applica-

tion of equation (15) to the distribution of E-index in the
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Aboine basin yielded a kurtosis of 2.7 which does not depart
so much from 3.00. However, this value of kurtosis is indi-
cative of a slightly flat distribution and can be attributed

to chance variation in sampling.

The above topological analyses gave indications of net-
work structure and, by implication, channelized fluvial pro-
cesses. These topological analyses ﬁere compiemented ‘with
volumetric and planimetric analyses of drainage basin geome-
try in order to validate inferences in relation to general

basin fluvial process-form reiationships.
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CHAPTER 4

DRAINAGE BASiN'PARAMETERS

The operatlon of rlver and hillslope processes forms a
central, theme in fluv1al geomorphology. In the humld tro~
.plcs, .:topographlcal mod;flcatlons are prominently tluyial,
_to the hear:eXCLtsion of other agencies..‘Owing to‘the geo-
graphical locatioh of ourwstcdy area, nivational and coastal
denudatlonal processes do not operate, while aeollan activi-
t1es are v1rtually unlmportant. Contlnental geomorphlc
processes in the humld troplcs are accentuated by ‘the lubrl—
1'cat1ng'actlon of“water.' This is in addition to the fundamenfv
“tal role'played“by water in the disintegration of the geolo-
gical substructure-into a-meneer of.regolith on_which denu-

dational processes operate.

It has heenlargued that»fiu?ial‘actimity is probably
the most importaht,singlefclass of processesiwhich shape the
earth's surface kMark, 1975);l The processes are>exogehetic'
andvgeomorphologfhconcentrates oh.their mechanisms oftopera-
tion ana legacies in terms of forms. A good humber'of»geo;
morphologists wouid“prefer exploring'the forms'descriptimelyx
. to the more rlgorous exercise of. analy51ng the causes of the’

forms‘ Analys1s of causal relatlonshlps 1nvar1ably 1nvolves
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a critical ;OAK'af thefuhderlying processes associated with‘
thelparticular rorms in question. The competence}of geomor—
phologlsts to 1nvest1gate surflclal processes E_£ sé 1s not
.in doubt. Process form analy51s is basically at the core‘
of geomorphlc.thought-but-the.;mpllcatlohs_of some 19herent-
ambiguities underScoreAthezneed,for more.carefulhand/scien—e
tific analysis‘; . This, 1s because, "tho,ugh forms ar.e‘respohses_
Ato causatiue processes; receht trenas.of'thouéhthLrelation
'to eéuifinality»(Berry, 1983; Cuiling, 1987) and the‘poly-
geny of forms indrcate‘that;-in the absence of'empirical
Verification;'themuse‘ofvﬁorms to predict éroceSs a'griori,
could.be misleaoihg;,-Process-form analysisshouldtherefore'1
" be carried out“mithfmuch caution. |

The'ahalysis of lahdformslhas led to the evolution of
peculiar methodologicalicohcepts. ‘Qurte prominent, hoth asw
.?a concept and‘as a.methodoiogy, is’ geomorphometry, Wthh is

‘the science that treats the geometry of the landscape

(Chorley et a;, 1957) “ In other words, geomorphometry quan-

!
‘

| titatiﬁely attempts to descrihefthe'form of land surface
(Mark 1975)u Spec1flc geomorphometry applles to spec1flc>
surface features, whlle general geomorphometry applles to
the land surface as.a contlnuous rough surface (Evans, 1972,

1974, 1981- Jav1s, 1981) . When geomorphometry is applled to
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a drainage basin as the fundamental geomorphic unit, the
approach is technically termed drainage basin mofphbmetry )
which, according‘to Gardiner (1981), primarily involves
network delimitation, sampling, measurement, definition of
variable and analysis. Strahler's.(l952a)'fourth—ogder
basins formed the spatial framework for sampling within
which various Variables.were aséigned numerical valugs
following some definite rules. In consonance with current
morphometric procedure, the variables have been opera-

tionally defined and listed in Appendix A.

4.1 Basin Parameters:

The problem of proliferation of morphometric parameters was
alluded to in Section 1.1. This proliferation mainly stems
from the fact that a geomorphologj:cal problem is often causally
linked with, and definedbyrnmmrousvariabléssimultaneously.
The éontributions'of these individual variabies in the total
or joint variance of the problem in question vary. Moreover,
multicollinearity is characteristic of spat}al data. Many of
the variables correléte with each other, with ﬁhe result
that mény parameﬁers applied end up measuring basicélly the-
same element in different ways. Different analysts could

work from different perspectives and use different parameters
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to perform essentlally the ‘same fundamental operatlon. They
may have a common phllosophlcal underplnnlng and yet trace
different methodologlcal loci due to the analyses of dlffe—
rent combinatlons of varlablesu‘ The»ex1stence of'multlple
varlables 1mp11es an element of redundancy 1n some of the
varlables.. Prollferatlon of parameters detracts from a par=
simonious analys1s.. In addition, with too many parameters,
the danger of subject1v1ty may 1ncrease in the process of
1dent1fy1ng the dlagnostlc varlables and . dlscardlng the

redundant ones.

Attempts to cope w1th the mult1p11c1ty of varlables
through objectlve and sc1ent1f1c manlpulatlon of data have
led to the development of factorlal analy51s.' Factor-
analytlcal technlques are unparallelled in thelr data--
reductlon capablllty. Klm (1975) dlscussed the operatlonal
requlrements for these technlques Wthh are. further given flrm
mathematlcal footing by the appllcatlon_ of orthogonal
(varimax, quartlmax,and equimax) and oblique rotations

. . - /
which ensure a rarefied transformation of the raw data

matrix into some easily interpretable indices. These indices

-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

N
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well as their individual and joint contributions to the

variance of the variable structure.

The multivariate techniques of factorial analyses have
been widely applied to empirical morphometric investiga-
tions.‘The results arrived at have proved both encour;ging
and elucidating. While attempting a regionalizatibn'Sf
landforms in Indiana, Lewis (1969) collapsed numerous
variables to six principél componénts.which accounted for
92.98% of the total variance in the morphometric variables.
Mather and Doornkamp (1970) reduced 18 variables to six
factors accounting for 94}93% of fhe variance among 130
third-order neﬁworks of the Katonga and Kagera basins in
Southern Uganda. An analysis of 17 properties of 62 mono-
lithologic third-order basins of the 0ji, Ozom, and Obe -
rivers of South-eastern Nigeria gave rise to four source
variables explaining 87.33% of the variancé in data
(ﬁbisemiju, 197%9a). 52 of these basins were re-analysed

with respect to 37 morphometric variables by principal com-

/
/

ponent analysis, explaining 92.32% df variance in data
(Ebisemiju, 1979b). An order-by-order PCA of 8 morphome-
tric parameters has been utilized to highlight the effect
of spatial scale changes on the interaction of morphometric

'properties of the basins of Udi-Awgu Cuesta underlain by
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sandstone formétions (Ebisemiju, 1985b). 1In an investi-
gation of the runoff responée to basin parameters in ten
selected basins of south-eastern Nigeria, princiéal 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. Forinstance,networkallometrf
is characteristic of the lowest order .segments particular;y,
the first—érder streams. As the order increases, degrada-
tional activities may progressively give way to aggrada-
tional ones. This is because average gradieqt correlates
inversely with basin order and so there is a gradual dimi-
nution of the eneréy available to‘the stream channel for
abrasion. - It has been recognized that headwater and channel-
way erosional activities equilibriate around the third-

order level. This maximization of fluvial, hydraulic
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acthltles‘most probably accounts for the resolutlon ‘of
”most dralnage network analyses at the third- order level
But a.corollary to this is equally true' that applied
morphometrlc works - should be resolved at higher-order
'basins,_tne morphologrcal propertiesAof-which are.spatial
averages. of those of theulower-order basins nested'w{tnin
them (Eblsemlju, 1985b) .- This is a major reason that
,necess1tated our ch01ce to resolve analys1sat1ﬂmafourth-
‘order level. - This ch01ce also reflects the 1nvest1gator s
methodo;ogical«preferenCe w1th-an'exploratory,phllosophl—
.cal undertone. fhe extent to which the‘scaie-of abstrac-
tion'can be a'factorfin morphometric:work was also |
explored. | | o

.Atmultivariate”analysis was carried out with'lS'
Variabies for 27 fourth~order_basins. The analysis.of
these iineal; areal and rellef propertles is in addltlon

to the several varlables utlllzed for the derlvatlon of

topological and hypsometrlc,lnd;ces. For parslmony, only

15 purely quantlflable llneal areal“and relief Variables“”. .

were analysed to explaln ba51n morphometry. The'use.of
'only 15 varlables derives from a consc1ous attempt to .
minimize redundancy in the comblnatlon of these varlables.

vAInleldual mathematlcal technlques were applied to purely
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topological network properties. Due to their peculiarity,'
relief properties wére. - further analysed w1th the spe01a—

lized techniques of area—helght analyses,

In the twenty seven ba51ns, 405 detailed'obserVations
generated a massive form of data for the]jivariableswhich
principal COmponent analys1s collapsed 1nto four components,
expiaining 88.04% of the_variance“in data'leaving out |
ll.96%vto;minor factors such asmnon—linearity and~inherent
operator wariance.' The resuits of principal component
s analysis are shown in Table 5, and'thevinterpretation'of
the ‘source Variables for the components is embarked upon

in Section 4,2,

4.2 Interpretation of the Components:

vThe pattern of loadingsrbyAthe 15 Variables on the four"
'components is shown 1n the matrix of princ1pal components'
of Table 5. Only four components were 51gn1f1cant (31nce
each of'the four had eigenvalues that‘exceeded unity),,But
in order to achieve a simpler and theoretically more‘
.meaningful.interpretation.of the.loading-patterns, the
four significant components'were‘rotateh to:a terminal

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
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Variables |Component 1 vComponent.Z Compdnent 3 | Component 4
11 N .92225 .34198 .05640 '-.08761
21 Y1, .98292 -.02681 .13442 .01573
3] A .31173 -.81428 ~.01351 .01228
4] Ry, .33412 .15643 ~.62859 . 44290
5] )N .91769 .34454 .08119 -.09948
6] 2 L .97995 ~.05464 .15257 .01962
7] Lg .48866 ~.80555 .04775 .04818
8] Aq .90834 -.28094 .19726 .01510
9] h .38172 -.26930 .14053 .79151

10] Dg | -.19909 .88799 -.04022 .04277

11] Re | -.11841 .28182 .83214 .08257

12] Re —.11524 .42086 .80806 .22655

13] d .86830 .37527 ~.16525 -.19459

141 E .84144 .40945 -.15301 -.15974

15] HI -.01586 .64202 -.35833 .38082

Eigenvalue| 6.56667 3.49298 2.03191 1.11193

% of Va- '

riance 43.78 23.29 13.55 7.41

Cum. % 43.78 67.07 '80.62 88.03
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TABLE 6: Varlmax—rotated prlnc1pal components derlved'
for the Aboine fourth order bas1ns

Variables‘-éomponent 1 .Compoﬁent 2 tCompoﬁept 3] Coﬁéonent 4
11w, | .98401 | -.06236 | .02406 |~ .07482
21 X 91930 |  .29787 | - .oz2821 22477

3] By | .os233 .82967 | -.20527 | ' .16537
4] Rp2 .25074 | -.27110 | -.58041 50413
5] 3N .98379 | -.05847 04825 | .06129
6] >L .| .90864 .33654 .04091 23030
71 I .21787 87416 :, -.15900 | '.23537;
8] ag | .77837 |  .s2990 .04619 | .23315

‘91 R | . .14017 .25917 .10377 .87423
10]  Dg | .06268 | -.89055 |  .16052 |. -.09396
111 Re | '-.00152 | -.11477 | 88291 -.00053
121 Re 01571 | =.27042 . .89658 ©.12594
131 .a |- ,95055““ : —.14112‘-'* -.18734 —;03733‘
4] E .92984 | . -.18200 - -.16337 |. -.01326
15 HI | . .08815 ~.73899 |. -.1%078 |  .30917

Eigenvalue| 6.13004 | 3.55515 |  2.12991 ; 1.39029
% of Va- ' o B I . N .

riance 40.87 23.70 | 14.20 1 9.27

Cum. & | 40.87 | 64.57 | 78.77 88.04
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matrix was norﬁalized, each variable has a variance of
unity and the whole data—aréay has a total variance of
15. In order to find the proportion of total variance
accounted for'by each component, the respective eigen-

values were calculated. Eigenvalue, denoted by W is

given by:
15
AL = > aj2 : (16)
j=1

where Ai is the eigenvalue of each
component (in this case, four cémponents)
and a values are the loadings of j
variables starting from 1 to 15 on the
rotated matrix of principal components
(Table 6);
The percentage of total variance accounted for by each
component is thenvcalculated using the formula:
P = 100 \i/N (17)
ie 100 \i/15 /-
where A i denotes the eigenvalue for the
componeﬂts and N is the number of Qariableé
(ie 15).
Equatiohs(16) and (17) are fundamental to the interpre-

tation of the four basic dimensions.
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4.2.1 Component 1l: 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 on the varimax-rotated matrix
of principal components (Table 6) reveals that the s}gni-
ficant loadings (exéeedihg t 0.7) are predominantly / in-
dicative of the.netwbrk size, hence this component is
designated as Stream Nefwork Size Variate. The signifi-
cant loadings have been extracted and presented in

Table 7.
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Significant locadingson Component 1.

TABLE 7:

Variable Identification Loadings
Ny Magnitude, Number of '
stream sources 0.98401
ZLl Total length of first-
order streams 0.91930
.ELN Total number of stream
. segments 0.98379
HL Total length of stream ’
segments - 0.90864
Agq Drainage area 0.77837
a Diameter 0.95055
E E-index 0.92984

Eigenvalue ( Xl)

Variance accounted for

= 6.13004
= 40.87%




The hlghest loadlng on Component One - lS on N1 whach

- ' correlates Very p051tlvely "and hlghly w1th ZN (r = 0. 99)

very' pronounced er051on occurs v1rtually at all the Ab01ne
estream sourqes,and Nlldeflnes»these sources. On the

whole, fluvial.actlyities takezplace.along the segments
defined hy 2_N for the'various orders | (ﬁ) in‘the/hasin,
N was plotted agalnst u (Flgure 6) and the plot of mean
segment length (L) agalnst ba51n order (Flgure 10) and
that-of mean basin area agalnst basin’ order (Flgure 11),‘
all obey the three laws of dralnage comp051t10n stre551ng ;
that there is no abnormallty in the Aboine dralnage evolu—
tlon.v The patterns of these plottlngs are ‘in agreement
‘with Knighton's (1984) results for the Bollln Dean network.
. That established fundamental-morphometrlc lawslare con- .
firmed is_an indication of the scientific undertone of.onr

methodology.

The secondrhighest 1oading on Component One is on
1t Ny + Ny o+
N4). The. 2N is a purely topologlcal 1ndex which gives

the total number of stream segments (SN =N

a numerlcal 1ndex of the degree of stream network llnkages.
More importantly, ZN deflnes the 1nteract10n among 1333

'first-order;streams,-354 secondforder stream,segments,
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82 thlrd—order.stream segments and 27 fourth- -order stream
segments (Table 2). Such an 1nteractlon subsumes a range

:of fluvial activities operating along both the channel-

way and headwater zones of the basin. Table 4 shows that
2N cdrrelates positively with 13 variables and.negatively

.
’

with only one.

Diameter (d) and E-index (E) are third and fourth
respectively on the loading hierarehy of Component One.
Notably,  these are topological indices (together with Nl
and 2. 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 two Variables(d and E) correlate very
stronély 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).

2_L; and 2 L are fifth and sixth in terms of
loading on Componeﬁt One. These two variables which are
pdsitively 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 seyenth significant loadihg-of Component One is
on drainage area. Ag correletes positively with lOlva—
riables.and negatively ﬁith four. This is in agreement
with Ebisemiju's (1979b) finding in which Ag significantly
correlated with 32 out of 36 variables. However, it %e-
important to note that the relationshipbetweenAd en-the"one
hand and many other variables on the other, is frequently
characterized by much ambiguity. For instance, empirieal
results have shown that the exact nature of the link
between Ag and Dy has remained very controversial (Peﬁhick,
1975; Ferguson, 1978; Gerrard, 1978). This is due to the
unpredictable nature of Ag which has also been characterized
as the devil's own variable (Anderson, 1957). In the
present work, Aq was found to correlate negatively with Dg
(r = -0.46). This negative correlation beﬁween drainage
area and drainage deﬁsity is an evidence of inverse

causal relationship.

The first component of most previous morphometrie
’ /
principal factorings rarely loaded highest on Ag (Lewis,
1969; Mather and Doornkamp, 1970; Ebisemiju, 1979a, 1979Db)

and in this respect, the present work is in agreement

with earlier works. The unique combination of variables
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that léaded significantly on this component is noteworthy.
This combination could be attributed 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 séale of analysis can give td some |
gariables. “The influenée of some §ariables can be stifled
and concealed by the smqilness of the scale of abstraction

and analysis.

4.2,2 Intensity of Dissection Variate:

This component has an eigenvalue of 3.55515 and accounts for
23.70% of total variance in data. TableA8 shows the signi-
ficant loadings (exceeding % 0.7) which weigh heavily on the
total drainagendensity (Dg) , mean stream length (ES), mean

]j‘grea of first-order basins (Kl) and hypsometric integfai

" ,"“'"'(HI)A .

TABLE 8: Significant loadings on Component 2

Variable Identification Loading
Da Total drainage density -0.89055
Ig Mean stream length - '0.87416
g Mean area of lst-order basins  0.82967
HI Hypsometric integral . —=0.73899 '
Eigenvalue = 3.55515
Variance accounted for = 23.70%
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Component Two is termed the Intensity of Dissection
Variate and weiéhs heaviest on Dg. The total drainage
density (ﬁd) is the quotient of cumulative length and
drainage area. It portrays the extent to Which a given
area is t;aversed by stream networks. The linear extént
gf network mainly delineates the Qperation of channe-
‘lized fluvial activitiés. Dg therefore, défines the
linear extent of fluvial efosidn per unit area. Dg sub-
sumes some other pfocess—eluqidéting indices-su¢h as the
constant of channel maintenance (Cem) and lengtﬁ of over—
land %1ow (Lg). The constant of channel maintenance
(Cem =‘Dd—1) definés the areal extent needed to sustain

a unit length of channel while the length of overland

{rdnqﬁfjfrom.the divide to the nearest channel.

.Cbmpbnent Two is also highly and significantly

- loaded on Ly and 31: The Lgis a summarizing index show-
ing the average length'of all the st}eam segments for all
the various orders. The Lg also defines the average
lingar extent within which channelized fluvial erosive

processes operate. Kl provides a spatial framework for

floy (Lg = %Dgq) shows the average length of flow path fQ?f,rﬁuz
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i the operation of the dissecting agents. Network allome-
' try and related indices of lineal dissection are clearly

evident on an areal setting primarily defined by KL,

-Fromvthe implication of this combination of indices
(Dg, Ls., 51,‘and HI) on Component Two, it is logical to
snfer that the Aboine basin is actively being modified
by the action of fluvial erosive processes.l This
inference is fufther chroborated by the results of our
field work. It was.observéd that very active erosional
activities variously expréssed in terms of incision,
valley-widening and headward erosion are experienced in ‘
the headwater zones of many of the basins under investi-

gation. A classical case is the intensive topographic

"QiSsection and headward erosion occurring at the head-

33W§;grsﬁof,Ekulu river. ©Near the Iva Valley Coal Mine,
o the Enugu-{nitsha Express-way has already been conspi-

'cugusly scarred by this dissection.

4.2,3 Component 3: Shape Variate:

The third component has an eigenvalue of 2,12991 and
accounts for 14.20%‘of‘total variance in data. It loads

heavily (exceeding $0.7) on circularity ratio and
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elongation ratio (Table 9). Sequel to the high'loadings-
on these,shape indicators, this component is termed the

Shape Variaté;

TABLE 9: Significant loadings on Component 3

Variable Identification anding
% .
Re Circularity ratio ‘ 0.89658

Re Elongation ratio ' 0.88291

Eigenvalue = 2.12991
Variance accounted for = 14.20%

The multiple correlation matrik (Table 4) shows that i

Re correlates positively with ‘6 variabels and ﬁegatively
with 8, while Re correlates positively with only 4 and

.ﬂnegat;vely with 10 variables. Strangely, however, these

?.twq variables correlate very positively and highly with o

" each othef (£ ='0.75). The erratic behaviour of shape
'_ﬁariables‘has greatly retarded the development of shape
iﬁdices;' Methodological evidence from current planimetric
Workslsupp0rtsABunge's (1966) assertion that éhape has
proved to be one of the most elusive geometric propertfes

i to capture in an exact quantitative fashion (Boyce, 1964;
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Lo, 1980; Moellering anq 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_measuré to cap-
ture dll 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
-the value of an index and the shape of the figure it
represents. Necessary ideal properties 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-
géneration of ﬁhe original shape from the shape'index,’
:While recognizing the need to measure the Shape (or the-
characteristic cohfigu:ation) 6f.an object, 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.
H

Component 3 loads highest.on circularity ratio (Rg).

The circularity ratio is a useful cdmparative index which
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nﬁmerically defihes a basin-shape by relating its area to -

that of a circle with same perimeter as the basin. (Appendix

A), Basin shape is a significant fé&tor uhderlying the

concentration of flood within a defined‘area-as well as

fhé lineal ~etwork structure that results. Obviously,
‘spoth the lineal and areal operations of fluvial processes

are, to a great extent, é function of basin sﬁape which is,

in turn, defined jointly by Rc and Re on Component 3. The

~.

strong positive correlation between the circularity ratio
and elongation ratio is a clear indication that both of
them have a similar influence on the operation of fluvial

processes within the basin.

A mean Rg value of 0.53 (with a standard deviation

'Hgf 0.1) was calculated for the Aboine sub-basins. Concep-

ftﬁallyéand operationally, the nearer an Rc value is to

ﬁnity, the more compact the basin. Similarly, a completely{
circular f%gure has an Rg valué of unity and the value

tends towafés infinitf with increasing linearity (Griffith
et gli 1986) . A mean Re value of 0.62074 (with a standard

deviation of 0.0877) was calculated for the fourth-order

basins of the Aboine network. This value ‘does not
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¥

significantly depért from unity, indicating that the basins
predominantly have bovine liver éhapes, though not exactly
circulaf, but notably compact. While deriving.a shape

index - the‘form factor (F; = Ag/Lp?), Horton (1941) dbse;ved
that normally developed basins are pearbshaped; 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 example, 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 poﬁ—
pact basin (Zavoianu, 1985). The statistical inference from
Component 3, with the aid of the elongation parameter, is>in
.COnSOnance with the results of our topological analyses
'“.(Section 3.3.4). The topological E-index reveaied rglatively
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 lowal relief (0.87423). The difference in elevation
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between the highest point in the basin and the basin mouth
defines the local relief (h) which is alsé closely related ' -
to other indices éuch as relief ratié (Rhi and_ruggedness
number (NR). The Ry is the quotient of h and“Lb (that is,
the’longest linear dimension of the basin = Lp; h/Lpy = Rp),

while Np is tne product of relief and drainage density (ie Ng =h x Dg)

Component 4 has an eigenvalue 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 link between surface geometry and
basin solid geometry. Surface geometry is indicative of
linear and areal planimetric characteriétics while solid

geometry has to do with the volumetric properties. The

_relief is also a reflection of the solid mass available for

transformation by relentlesé denudational agents. The Q
makes use of basin length (L, a direct derivative of Ag)
to show the extent of basin surface within which fluvial
processes oﬁerate. ‘Slope strongly influences the velocity
of surfiéial fluids as well as thé operation of sub-surface

catenary processes and .plastic mechanics. Pronounced relief
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gives accent to stream velocity, which in turn, gives more

impetus to the kinetic energy of fluvial activities.

The sﬁsceptibility of topographic 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
“immensity of weathering and denudational processes. The
Aboine basin is charaéterized by a thick mass of deeply
weathered material on which fluvial brocesses act. In
Chapter 5, hpsometric analysis will be used to further ex-
plore the relief variate so as to reveal tha moféhological

impliéations of the available solid mass.

At this point, it is necessary to note that the con-
tributioh of each of the four components to the total
"{?variance was analysed with the help of the eigénvalues.
'”*For.methodoiogical coherence and logicality, it is proper
to complement the exercise with an analysis of the contri-
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
from the varimax-rotated terminal matrix of principal com-

ponents (Table 6).

Varimax rotation was employed in this anal&sis.not
jusf 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 Bf the squared loadings in each
component (or column). With the varimax-rotated principdl
component mnztrix, it is possible to calculate the percen-
tage of common variance expléined for each variable using

the communality (h2?) index defined as

aj? (18)

4
h,2 = 2=
1=1

where hi2 is the communality for the
variable, a values are the loadings of

the variable on components Jj ranging

from 1 to 4 on the varimax-rotated
principal component matrix.

The results of an application of equation (18) to the

source variables yielded the information in Table 10.



TABLE 10:

Extracted source variables and their

proportions of common variance explained

Compo- ' Source Commu- | % of
nents Identification Variable | nality Variance
'1 Stream network
Size Variate N7 0.97835 97.84
2 Intensity of
Dissection
Variate D3 0.83161 83.16
3 Shape Variate Re 0.89308 89.31
4 Relief Variate h 0.86447 86.45

A further examination of the pattern of the percentage
of explained common variance reveals the over-riding impor- '
tance of stream neﬁwork size variate, with Nj having an h?
of 0.97835. The interpretation.is that the four components
. commonly accounted for 97.84% of the total vériance in the
number of first-order streams. The complement of the com-
munality for Nj (that is, 1 - h2y; = 1 - 0.97835) is
0.02165.} This implies that only a negligible 2.17% of
vériance in Ni‘is not accounted for by the four components.

It is also important to note that Nj has a factorial comple-~

xity of one. This was made clearer by the varimax rotation
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which maximized the loading of N, on one component which

is Component One. As much as 96.83% out of 97.84% of the

common variance in the number of first-order streams is

accounted for by Component One alone, leaving the other
componeﬁtsv(that is Two, Three and Four) to share the

remaining 1.01%.

The four components explained 83.16% of variance ip
the total drainage density, out of which 79.31% was
accounted for by Component de alone, as Components One,
Three and Four share the remaining 3.85%. As much as
16.84% of variance in Dg was left unaccounted for by the
four components. 89.31% of the variance in circularity
ratio was accounted for by the four components leaving
th 10.69% unexplained (in PCA, the proportion of variance
not explained by the significant components is procedurally

accounted for by the other components).

It ‘c'iould be observed that the proportion of common
variance generally decreases from the diagnostic variable
of the first component to that of the last one. This is

evidenced by a general decrease in the communality values
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of the comgonent-defining variables. This general empiri-

~ cal observation was not completely upheld or conformed

with in the present investigation (Table 10). The communa-
lity of D3 of Component Two should have been greater tﬁén .
that of R, of Component Three. However, this deviation

is not too surprising as it could have emanated from the
"devil's own variable" itself (since Dg = )».L/Ag). In the
same vein, Ag, which plays a notable role in the determi-
nation of Dg 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

‘component matrix (Table 6). Also, operator variance in

- relation 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 utility of the communality index is not limited
to the diagnostic variables, for on the other extreme, it also
reveals the variables wiﬁh very low values of h2 of which
much of the vafiance is not accounted for by the signifi-
cant components. Hypsometric integral and bifurcation
ratio recorded very low communality values (0.68587 and
0.72738 respectively). The four components failed to
explain as much as 31.41% and 27.26% of variance in HI
and Rpp respectively. Explanation for the high proportion
of unexplained variance in these cases derives from a com-
bination of operator and uniqﬁe variaﬁce_which cannot be

fully circumvented.

Operacor variance stems from the fact that in any

éxperimental investigation, the experimenter is part of

the experiment. inevitably, some variance may creep into
the énalysis either through the shortcomings of measur-

ing parameters or through some variations that derive

from thé experimenter's subjective psychological disposition.

Unique variance is a normal error term intrinsic to the
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issue under investigation which giveé an idea of the degree

of accuracy that could only be expected from the statistic

applied. Drainage network analystsare aware of limitations
introduced by the unique and operator variance. For
ihstancé, it has been maintained that:

"the most difficult problem is to

determine correctly the number = of

streams of first order, especially

in large basins, for which the con-

gruity of cartographic documents

with the terrain must be :

ascertained".
(Zavoianu, 1985, p. 48).

Howcver, 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 h2? for hypsometric ihtegral is notably ldw
(0.68587). This is a-clear‘indiqation 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

hypsometriélanalysis (demonstrated in Chapter 5).

-~
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CHAPTER 5

HYPSOMETRIC ANALYSIS
The rneed to make up for the limitation of analysing a
three-dimensional figure with two-dimensional techniques
necessitated the choice of hypsometric analysis. The,§ifj
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
Chapter 4 left much of the variance in some relief-related
variables (particularly, HI) unexplained (Section 4.3)
hence stressing the need for the use 6f a proper comple—
mentary “echnique of analysis to highlight the import of
these variables. In order to satisfy the above need,
this chapter céncentrates on the application of some highly

quantitative techniques to relief through hypsometric

\analysis. The application 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 landforms 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 substructﬁre is
largely accounted for by tectonic activities that opera-
ted in the distant past. External processes relentlessly
modiﬁy the landscape over time and consequently, landform
:assemblages at a particulagktime arq.evolutionary com-

plexes. The cumulative imprints of surficial processes,

to a great extent, determine the shape of landforms.

Reliei is cloéely related to a drainage basin's poten-
tial energy which decreases gradually with erosion. At thé
drainage basin level, the cumulative 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
'Jthe‘drginage basiﬁ can be inferred from a detailed morpho-

imetric.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 drainage 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: £he area-height-~, absolute
. hypsometric- and percentage hypsometric cuxves
{(Monkhouse and Wilkinson, 1971) and the application of

this technique has been variously reviewed by Evans

(1972), Mark (1975) and Zavoianu (1985).

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 analysed.
The.shapes of the resulting curves are given geomorpholo-
gical interpretation and can be further analysed using

the mathematical techniéue of integration.

For a group of areas, the frequency of altitudinal
distribution could be plotted against the corresponding

areas to yield an altimetric frequency histogram. ' When
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altitudes are plotted against basin areas lying above the

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 gxercisé is carried out using
relative values, in which Caée, cumulative relative height
(h/H) is ploited against cumﬁlative relative area

(a/R) .

The height‘of a given contour is defined by'h'; '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 possible to compare the hypsometric curves of

different drainage basinsi

Finally, the third major type of curve that results
from hypsometric analysis is the area-height curve. 1In
this case, each chosen height is pldtted against the per-

centage <. the corresponding area.

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 geomorphological 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 feaﬁures, sugh as slope discontinui-
ties, platforms and scarps. which are not at the same alti-
tude throughout the basin area (Zavoiang, 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 delimitation of sub-basins was consistently guided by
contour patterns. There 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 ﬁse of a digitizer

ailded by a computer.



" us

135

While advancing the techniques of hypsometric
analysis, Haan and Johnson (1966) developed the grid-
square method. One variant of tﬂis 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 outlineé
of the area to be measured. Depending on the scale of
the map, a conversion factor is applied to the result- .
iné dét-density‘and from this application, the area is
derived. In addition to the result comparing févourably
with that obtained through the use of a planimeter, the
grid—square method has an additional advantage of redu-
cing qc;putation time by four to ten times (Zavoianu,

1985).

In our present work, the grid-square method was used
for éreal calculations from the base maps and so the
areal data used for the area-height analysis were calcula-
ted through this method. The topographical maps used in
this work (Appendix E) had contours numbered in feet.“_If
was foﬁnd convenient to divide the relief of fhe 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 already
noted iﬁ Section 2.4, squared transparent overlays (lcm?
equivale: .t to 0.25km? on the ground) were super-imposed
on the various outlines. Iﬁ each basin,‘these outlines
represent the proportions of the basin that fall within
the 76.2m height intervals spedified in £ﬁe first coluﬁn
of Tabble 11. The squares Qere then counted and those
not completely enclosed by ghe outline were accordingly
approximated. The scale of the map was applied to the
vaiue to derive the area of the figure. The detailed
‘results of the area-height analysis.fof each of the 27
basiné are presented in Appendix K. For a more meaning-
. ful morphological interpretation for the whole of the .
Aboine basin, these results had to be aggregated, and this

aggregagion 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



altimetric frequency histogram shown in Figure 12.

altitude was plotted against basin area.

In this case,

TABLE 11: Area-height analysis for the Aboine.

Also,

basin
Heiéhts Frequencies Total area % of total
(in metres) out of 27 (km2) in Drainage
T basins each class area
381.0 < 457.2 1 1.43 0.07
304.8 < 381.0 l' 2,87 0.14
228.6 < 304.8 2 3.98 0.19
152.4 < 2286.6 11 47.55 2.24
76.2 < 152.4 23 891.10 41.97
< 76.2 22 1176.20 55.40
Ag=2123.13km2 100.01

.. - the a;eal extent of each class interval was related to the
;total basin area to arrive at the percentage coverage, The
midpointé of the various class intervals were finally plot-
ted against their corresponding percentage areal coverages,
The result of this exercise is graphically shown in Figure

13.
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The six rows. of columns three and four in Table 11
show the partial areas'aj'. The percentages (p), on the
abscissa of Figure 13 were derived ﬁsing the following
equation: |

P = 100 a/ }6: ai (19)

i=1

where 'a' stands for.each of the partial

areas as defined by the altitude classes,

while EZai is the total area of the

basin.
In simple terms, Figure . 13 is a direct plotting of the
altitudinal increments against the partial areas. But from
a geomorphb;ogical point‘of view, the most important curve
that results from hypsdmetrib analysis is the hypsometric
curve, which is the plotting of cumulative baéin 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 per se.
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Absolute areal and altitude values are used to derive
the absolute hypsometric curve. Such curves vary in shape,
primafily 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 prbvide an index of basin solid
~geometry irrespective of basin sizes and units of measure-
ment. The standardization of areal and height values makes
_i£ possible for the resulting hypsometric cﬁrve to be
easily compared with such curves derived for other basins.
When areal and height values are in relative terms (that is
standardized), thé resulting relative or peréentage hypso-
‘metric curves offer the basis for the domparisons of drai-

nage basin solid geometry.

Irrespective of basin-shépés and éizes, standardization
makes the percentage hypsometric curve preferrable for
compérability among several basins. As already nOFed 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-
gmlative areal values increase from nearly‘0.00 embracing
.the ieast of the basin area to 1.00 embracing the whole
basin area. This exercise was empirically demonstrated-
for the Aboine basin and the result is graphically presen-

ted in Figure 14.

5.3 Interpretation of Hypsometric Curve:

As a graphical representation of the solid geémetry of the
topography, hypsometric curve is a good index of available
xelief; The curve,” as a reflection of the static relief,
rSummarizes 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 to the geomorphological
evolution of the drainage basin (Strahler, 1952b; Schumm|,
1956; Zavoianﬁ 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 geomorphological processes that relentlessly
modify the landscape. In simple terms, what remains of the
landscape is a reflection of how much of the topographic

material that has been removed by the modifying agents. The
hypsometric curve graphicallyidefines the remnant landscape
at a gi&en time (that is, at the time of the aerial survey
from whici: the topographical map used for the hypsometric. .

analysis was made).

Qualitatively, in the classical Davisian terminolo-
gies, a convex hypsometrié'curve dgpicts youthfulness, with
much solid material yet to be eroded by the dissecting
rivers. ‘Cbnversely, a concave curve implies senility, with
comparatively less solid material liable to erosion. Midway
.fbetween the two extremes, a curve which is neither cdnvek
nor concave simply shows maturity (Straﬁier, 1957). The
curve for the Aboine basin (Figure 14) is concave showing
that much of the topographic material has been removed-by.
erosion, and this confirms the altimetric frequency distri-
‘bution of'Fiéure 12 which is positively skewed (Sk = 0.20)
since it has relatively more values below the mean height

(h = 10804m) .



145",

In order to validate the inference, the qualitative
interpretation of the hypséﬁetric curve has to be but-
tressed with some quantitative facts. That is why hypso-
metric analysis has to be brought to its logical conclu-
sidn through the application of mathematical tool of
sintegration. With the percentage hypsometric curve of
dimensionless values, integratioﬁ (whether mathematically

~or graphic:...ly executed) leads to the derivation of an
index known as the Hypsometric Integral (HI). This inde#
not only indicates the volume of topographic surface
relative to that already removed by erosional agents but
also serves as a useful measure fér inter-basin compari-
son (Chorley and Morley, 1959; Eyles, 1971). This is a
major reason why the percentage hypsometric curve of
" dimensionless values from which the HI is derived, is
preferred to the hypsometric curve of absolute values.
From the fofegoing, the besﬁ single index quantitatively
derived from the hypsometric analysis is the HI.
Algebraically, the HI is expressed as:
e
. = Ac/AR _ (20)
'hp. _

where the highest point (hp) in the
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basin is the lower limit, and the
basin mouth (bﬁ) is the upper limit,
A- is the area under the hypsometric
cﬁrve,'while AR is the total area of
“the réctangle defined by the maximum
'iimensions of fhe abscissa and the

ordinate in Figure 14.

Thus, Aq gives an indication of ;he volume enclosed
by the topographic éurface (equivalent to the curve) and
the horizontal plane passing throﬁgp the bééin mouth
(equivalent to the absciséa). 'The ratio of A; to AR
simply defines thé HI, and the application of equation'
(20) to the Aboine basin (Figure 14) 1led to the:derivation

_3of \§==0.33. Similarly, in Romania, Zavoianu (1985)
wiarrived at .$==0.245 for the Ialomita Basin, s = 0.56 for
ithe Staneasca basin, and .§_= O.554for the Trepteanca
~basin. In another ahalysis, Clarke (1966) derived LW= 0.43
for the togog;aphy of Guernsey of Channel Islands and ‘S

= 0.44 for'Gozo'in-Malta.

The hypsometric integral shows the available solid

mass, but the "complement" of the HI is equally important.
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This complement shows the volume of material removed by
erosion and is termed the.Erosion‘Integral'(EI). Clarke
(1966) referred to the EI as the "inverse" of HI, but
this designation is rather a misnomer. This is because, .
mathematically; the HI 1 (that is, the inverse of HI)
7_}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, " The HI"1 per se cannot givé 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 equates the total area circﬁm—
scribed by the full dimensions of the rectangle in Figure
14. In erosion studies, the complement of the HI is of
more practical relevance than its "inverse" which is é
mere mathematical function. The initial volume of land
mass 1s geometrically 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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EI = (AR - AG)/AR (21)

where EI is the Erosion Integfél,

AR and A, are as defined in equation

{20) . _
The erosion integral calculated for the Aboine basin is
0.67 (that is, 1-HI or 1-0.33). Both the HI and EI
have wide geomorphological implicaéions iﬁ terms of inter-
pretation. In a geological work, Simpson (1954) adduced
. evidence to support a claim that after the Tertiary up-
lift which gave rise to the Okigwe-Abakaliki Anticlinorium,
much of south-eastern Nigeria had been planated at least
gpce before the current geomorphic cycle. Thus, the whole
region, including our study area, was virtually level due
to the post-Tertiary planation. This post-Tertiary surface
"approximétes AB of Figure 14. This shows that among the
fourﬂhordurbasins of the Aboine network, as much as 67.00%
of the topographic'mass has been removed by efosion as
indicated by the EI which is 0.67. On the other hand, only
33.00% of the original solid mass is lef£ as indicated,by
the HI which is 0.33. The above h&psometric 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 in
Section 3.3.4 was confirmed by both the shape variate of
Seétion'4.2.34and the hypsdmetric 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 topographic 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’ved in this work.

The EI is a very useful éalaeogeomorphological

index in that it gives an indication of the rate at which
denudational prodesses have operated over time. The usual
qualitative and descriptive studies on planation surfaces
can now be corroborated quantitativelythroughhypsometric
analysis that culminates in .the derivafion of the erosion
integral. The hypsometric indices (HI and"EI) can serve
as useful adjuncts to the reconstruétiontxfpalaeo—

surfaces. These indices are not only useful in



150

palaeogeomorphology -and geochronology, but can also form‘
the basis for temporal analysis involving relatively
shorter time spans. For example, the hypsometric integral
(say H11965)'calculated‘in the present work reflects the
'topographic surface as at'the early 1960s per se when most
of the aerial coverages were carried out. If an aerial
photo—éoverage carried out in the 1990s gives rise to
another series of topogfaphical maps, then such map series
can be uSed to derive another hypsometric integral (say

- HI1ggg). The difference betweeﬁ the two HIs will directly
reflect the extent of topographic transformatién (whether
lowering or accretiop) over the intervening period (30

yearé 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.
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CHAPTER 6

CONCLUSION

Before drawing a curtain over this work, it is pertinent-
to recapi:ulate the major issues that emerged and high-
light both the theoretical and practical implications of

these results.

6.1 Finaings and Impliéations:

Characteristically, this work has a high theoretiéal rg-'
solution. Scientific knowledge is always conceived, en-
gendered and nurtured purely at tﬁe 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
(applied) programmes aimed at én optimum, balanced use of
ouf natural resources, to a greaf extent, depends on the
dialectiéal articulation of pure, factual and“functional

information.

This investigatidn has yielded pure hydromorphologi-
cal details which are fundamental to practical development

of the hydrological and agricultural potentials of the
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Aboine river bésin. There is ﬁo doubt that our findingé
are valid for the enetire Aboine networks developed on
the fross River Plains and under-
lain by a virtually homogeneous geological sub-structure
(shale). This is irrespective of the fact that somé
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 of 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 unityAcon-‘

cept making the conclusions valid for the whole basin.

'AlOng_the diameters, the preponderance of trans-
links (55.1i%) over cis-links (44.89%) is an indication
that the Aboine dendritic network is free of structural
control. The drainage pattern confirms.the geologicéi
uniformity of the area as well as the geological super-
structure of deeply weathered regolith. The regolith
forms the topographic méss Which the dissecting rivérs

traverse. Highlighting the relationship between these



153

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 wés also noted, particularly with respect to
‘the red-yellow ferralsols that characterize the area.
Topographic details can be combined with ‘the KBppen's
\‘Af climaticltype experienced in the area to derive fﬁn-
damental data necessary for general land use planning
.and ecological conservation. The highly friable nature
of the soils of the Shale ﬁnderscofes1ﬂm§susceptiv
bility ¢f most of the Aboine headwater zones to intense
dissection. The knowledge of this .lithological vulne-
rability to active erosion can be utilized to.design
programmes to stabilizg the slbpe throuéh aforestation

and erection of concrete structures. Agricultural land

-
e

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 skewed (0.67) shows that majoritf 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-Z3.
Both the compact nature of most of the basiﬁs and the
numerous links are of much hydromorphological signifi-
cénce. Floods concentrate more quickly in the compact:
basins (unlike in the elongated ones) and have greéater
potentials to erode. This is important especially in
relation to agriculture and other activities capable of.
intensifying fluvial erosion. The areas's 1,600-2,500mm
of mean annual rainfall (with the driest month having
>29mm) favours both root-crops and tree-crops. However,
numerous links that traverse the area could be of great
hydrological implications for irrigation especially with
respeét to 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-
téd 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 andlgave an
indication of the trend of topographical evolution under
the action of the modifying processes. In thé Aboine
basin, it was empirically deduced that this evelution is
degradational 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 accentuation by human interference is
necessary in order to control landscape 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

" -demonstration of the relevance of the fundamental ideas

is unique about the findings of our investigation.

" This work methodologically and didactically demons;
trated the application and refinement of mﬁltivariate
statistical tools. With the aid of Principal Components
Ahalysis, thé chronic issue of proliferation of geomor-

phometric pavameters 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-
pﬁometric variables. Opérationally, draﬁing the work to
a ‘logical terminus, the communality index revealed that
N1, D3, Rc and h are the diagnostic variables underlying
the four components respectively. This exercise is a
contribution towards the search 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-order basins
(instead of the conventional third-order basins so far
used in Nigeria) gave rise to interesting discoveries.
The over-_-iding predominanée of Stream Network Size
Variate as the most important component accounting for'
the lineal characteristics of the morphometric variables
is particularly noticeable. The component-defining

variable - the number of first-order stream segments (Nj)



157

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
determihation of diagnostic variablés; This is a
challenging revelation in relatién to the choice of
“basin order on which morphometric analysis is to be

carried out.

Uniquely, this investigation is also an empirical
dgmonstratidﬁ ofAhow morphometry could be complemented
with hypsometry. The various mathematical compuﬁations
neéessitated 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..tric integral,.S = 0.33. The implications
are obviously wide. The resulting curve thch is con-
cave and buttressed by thé low value of the integral
shows that much fluvial erosidn has taken place in the
Aboine basin. The volume of topographic material
available for lowering by the denudational agents is now

virtually low.
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This finding is corroborated by the resuit of erosion
integral (EI = 0.67) which is a complementary index to the
hypsometric integral. The observed incidence of erosional
activities along the channel-way and in the headwater zones .
is capable of complicating and thereby, worsening the
impliqations of the values of the‘EI and HI calculated-in
this work. This trend stresses the need for conséiously
stabilizing the slope. Land uses capable of acéentuating
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
topographic mass enclosed between the highest peaks and
the network outlets of the fourth-order basins. Also, £he
volume of topographic mass removed by fluvial erosion
siﬁce the post-Tertiary period was hypsometrically derived
for theJAboine basin. The results of our pioneering effort
not only-provide a base for temporal work in the Aboine
basiﬁ but also serve as ihdices 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 epistemologically 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 significantly account for the variance in drainage
basin morphometry. The four components left as much as
16.84% of variance in Dg unexplained. Though the devil's
own vari:hle might be contributory to this lapse, yet
further enhancément of the techniques of identifying
and delineating thé first-order streéms will definitely
increase the accuracy of the cumulative stream length and
thus the accuracy of thé total dréinage density. PFurther
work can be carried out at an individual basin level in
order to verify the exact basin delimitation and 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 density.

Methodologically, this work put forward a thesis

founded on the premise that the scale of analysis is a

féctor in morphometric work. In othér words, the basin
order at which analysis is resolved can stifle or accen-
tuate the contribution of source variableé, 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-
ploratdry'morphometric work can still be resolved at the
other order levels. A wide horizon still exists for ex-
ploration and confirmatidn (or otherwise) of the inflyerce
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 principle

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 geoﬁorphological phenome-
na. Much work can still ne carried out in this direction
"especially to evaluate the contribution of anthropic fac-

tors in accelerating or modulating fluvial processes.

% The empirical rigours of this work clearly betray a
conspicuous lacuna. The genetic aspect of geomorphology
which primarily extrapolates the trends of past and

future lan”form developments has been stifled by methodo-
logical constraints and lack of basic information. Using.
the_l:50,000 topographical maps (of 1965) , our hypsometric
analysis yielded a hypsometric integral, §== 0.33 which
summarizZes the static solid geometry of the Aboine drainage
basin. This 1ntegral is a benchmark for genetlc analysis.
'It is a stepping stone for both 1ntrospect1ve and retros-

pective landform extrapolation.

Our hypsometric indices were derived ffom the 1965
maps. However, future anaiysts can use other more recent
topographical maps (if they are available) to derive hypéo-

~metric indices that would reflect the cumulative effects of

erosional procasses that had acted in the Aboine basin
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since 1965. With the information on the Volume of land-~
mass eroded over a given period, it will be possible to
predict the trend of landscape evolution over a particu-
lar time in the future, given the current processes at

work.

This work appreciates that témporal topographicél
analysis will be given an impeths»by thé.production of‘
new medium- and large—séale'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 purely at the theoretical level before being em-
pirically demonstrated fér practigal application, The
present work was notably pre-occupied with the erection i
of valid théoretical constructs basic to applied work. It
is when relevant concepts in fluvial geomorphology are

well~articulated at the theoretical level that they can
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be translafed into practical societal relevance. The
‘present work attempted providing the theoretical
foundation for the superstructure of applied geomofpho-
logy in the context of the drainage basin. Economic
deVelopment programmes invariably involve a spatial

stransformation capable of accentuating fluvial processes.

The 2,639 links traversing 2,123km2? 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
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

‘authorities.

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
résearch vistas that could be very viable for further ex-

ploration. The thesis founded on the premise that the



5

le4

scale of analysis is a factor in morphometric work, em-
pirically deservesconfirmation (or otherwise) by drainage

basin analysts.

Basic topological, morphomefric and hypsometric
indices were derived from the Aboine basin. The didactic
demonstration of the complementarity of theéé analytical
techniques is in no way definitive, and so, no figid and
permanent status is implied. Our methodology is therefore
open fo: further exploration, amplification and refinement
with a view to enhancing the theoretical status of fluvial

geomorpholbgy.
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APPENDIX A: LIST OF VARIABLES

Magnitude, number of stream sources.

Total length of first-order streams (Km).

n
=1 Al/Nl = Mean area of first-order

basins (km?2).

Nl/NZ = 'Bifurcation ratio between the
first- and second-order stream segments.
N, + N, + Ny + N, = Total. number of

stream segments, from the first- to the
fourth-order. -

L1 + L2 + L3 + L4 = Total length of

stream segments, from the first- to the
fourth-order (Km). '

4 4 -
Z L/ Z_ N = Mean stream length, from
i=1 i=1 .

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).

fE L/Ag = Total drainage density at the

i=1
fourth-order level (Km/Km2).

Diameter of circle with same area as basin
Basin length.

= Elongation ratio.

Area of basin

Area of circle with same perimeter as basin
or Rg = i Circularity ratio.
Pp? ' '
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14

15

HI

Network diameter.
E~index.

Hypsometric Integral.
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APPENDIX B: - ATIR-PHOTO SOURCES FOR THE TOPOGRAPHICAL MAPS

(11

'[2]

(3]

[4]

(5]

USED

Shell B.P., Nov.-Dec., 1950,

Aircraft Operating Company (ARerial Surveys) Ltd.,
March-April, 1959.

Canadi.z:n Aero Service Ltd., Photogrammetric Engineers,
Ottawa and Pathfinder Engineering Ltd.,
Vancouver, Dec., 1961.

Fairey Air Surveys Ltd., April-May, 1962.

Hunting Surveys Ltd., January and April, 1961;
Dec., 1963.
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APPENDIX C: ADMINISTRATIVE/THEMATIC MAPS USED

I1] 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.
1:250,000 (including Abia State)
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THE GEOLOGICAL MAPS USED (PUBLISHED IN
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1957)

[1]

[2]

(3]

[4]

Nigeria

Nigeria

Nigeria

Nigeria

1:250,000 Geological Series,
ENUGU Sheet 72.

1:250,000 Geological Series,
OGOJA Sheet 73.

1:250;000 Geological Series,
UMUAHIA Sheet 79.

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, SW.
[2] Nigeria 1:50,000, Sheet 301, Udi SE.
“[3] Nigeria 1:50,000, Sheet 302, Nkalagu NE, SE, SW, NW.
[4] Nigeria 1:50,000, Sheet 303, Abakaliki SW, NW.
[5] Nigeria 1:50,000, Sheet 313, Afikpo, NE, SE, SW, NW.
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APPENDIX F: AIR-PHOTO SOQURCES FOR THE GEOLOGICAL MAPS
USED

[1] USAAF 1943.
[2]: R A F 1949.

#[3] Aircraft Operating Company of Africa, Johannesburg,
1950.

[4] Federal Survey Department 1952, 1953, 1954.
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APPENDIX G: CALCULATION OF THE BASIN AREAS (Al, A2, A3
and Ad or A4) AND THE MEAN BASIN AREAS (Au)
DRAINED BY THE VARIOQUS BASIN ORDERS (Au =

n
2_ A /N , where A 1s the total area
i=1 u’ u u

drained by streams of a given order and N
is the number of streams in that order)

u

.Basihs Al Al A2 A2 A3 A3 A4

: (Km2) (Km2) (Km2) (km2) (Km?2) (Km?2) (Km2)
1 42,25 1.28 47.25 5.25 79.25 39.63  85.75
5 2 46.50 0.74 58.00 .3.41 97.75 24.44 105.50
3 34.50 0.60. 47.50 3.39 65.88 21.96 80.63
4 48.25 0.75 50.50 2.81 39.25 13.08 109.00
5 19.00 0.41 30.75 2.20 11.75 3.92 47.75
.6 84.50 0.56 114.25 3.17 161.75 20.22 227.50
7 18.25 0.42 29,00 2.64 24.00 12.00 34.00
8 14.00 0.24 18.00 1.29 20.75 5.19 30.00
9 9.50 0.22 11.50 0.96 12.25 4.08 16.75
10 25.00 0.31 37.75 '1.64 35.00 7.00 58.50
11 7.00 0.29 9.75 1.22 10.75 5.38  20.25
12 16.75 0.48 24.25 2.69 25.75 8.58 52.00
13 9.00 0.50 16.00 3.20 17.75 8.88 26.75
14 50.75 0.46 64.75 2.49 46.00 7.67 104.25
15 11.50 0.68 54.50 10.90 36.00 18.00 85.00
16 22.50 . 0.83 25.50 4.25 34.00 17.00 40.00
17- - 33.50 0.93 38.00 4.22 21.75 7.25 66.00
18 17.00 1.06 18.50 3.08 15.25 . 7.63 23.00
19 14.00 0.56 22.25 4.45 27.50 13.75 28.00
20 . 35.25 0.90 77.75 7.78 107.50 53.75 113.75
21 61.50 0.92 94.50 4.97 84.75 21.19 133.00
22 57.50 1.13 53.25 4.10 95.75 31.92 121.50
23 113.00 1.07 133.75 4.95 248.75 62.19 299.25
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 0.35 6.50 0.93 11.00 5.50 14.50
27 890.50 1205.25 1502.88 2123.13
A;= 0.67 A= 3.41 A = 18.33 R, = 78.63




191

LOCATIONAL CHARACTERISTICS OF THE FOURTH-ORDER

APPENDIX H:

BASINS STUDIED

Ikwo LGA, Okputumo,
Amodu,szekwe ‘

s/ . Basin Description, LGA _
No Basin Name and Towns Topo—-Sheets
1l [ Ashinu R. (I) Okpowu LGA (Benue State),
Isiuzo LGA, Eha Amufu
(Enugu State) Igumale S. E.
2 | Ashinu R. (II) N.E of Eha Amufu, Isiuzo
LGA; North of Agila near
Ibende, Igumale; Ador LGA
2 of Benue State. Igumale S. E.
3 | Ugberi R. Ishielu & Ohaukwu LGAs,
Amananto, Okpotoagu Nkalagu N. E.
4 | ITtumu R. Ishielu, Ohaukwu & Ezza
LGAs; Ohafia-Agba,
Nkomofu Nkalagu NE & SE
5 | Aboine R. (I) Onicha LGA (Abia State), :
Agbabor-Isu, Isu. Nkalagu S. E.
6 | Akaduru R Ezza & Ohaukwu LGAs, Nkalagu NE&SE &
Ogboji, Okposi, Amuda Abakaliki NW&SW
7 | Ikam R- Ezza LGA; Umueze Nkwo, Nkalagu SE &
' : Aghara Abakaliki SW
'8 | Aboine R. (I1) Ezza LGA; Idembia Nkalagu SE &
! Abakaliki SW
9 | Aboine R. (IIT) Onicha LGA; Ezza LGA; Nkalagu SE &
Enyibichiri Abakaliki SW
10 | Aboine R. (IV) Onicha LGA, Onicha
' Uburu Ezza LGA, Umudame Nkalagu SE
11 | Aboine R. (V) Onicha LGA, Ezza LGA, Nkalagu SE &
: Enyibichiri Abakaliki SW
12 { Aboine R. (VI)

{1 Nkalagu SE &

Abakaliki SWwW
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.23

S/ . . L
Basin Name Basin Description, LGA -
No , and Towns Topq Sheets
13 | Asu R. (I) Ohozara LGA, Uburu, Nkalagu SW &
Asumgbom SE & Afikpo NW
14 | Ata R. Ohozara LGA; Okposi, Nkalagu SE &
Umuko, Obiozara : Afikpo NE
15| Idimo R. Afikpo LGA, Amiyima,
: Okporojo Afikpo NE
16 | Irohia R. Ohafia LGA, Agbaja Afikpo NW, NE
i & SE ,
17 | Iyi Akwa R. Ohafia LGA, Umunato Afikpo NW, NE,
Ama Ekpu _ SE & SW '
18 | Olum R. Bende LGA, Okoko Item, Afikpo NW &
Ameke, Amaeze SW
19 | Ide R. Isuikwuato LGA (Abia
State), Umuanya, Otampa Afikpo SW & SE
20 | Asu R. (II) Awgu LGA, Mpu Nkalagu SW &
Afikpo NW
21 | Ezia R. Awgu LGA, Nenwentan, Awgu Nkalagu SW &
: Udi SE
22 [ Asu R. (III) Awgu LGA, Ohozara LGA,
, Oduma, Etu Nkalagu SW
‘Asu R. (1IV) Nkanu LGA, Nara, Agbani Nkalagu NW & SW
24 | Asu R. (V) Agbaraeze; Nkanu LGA, Nkalagu SE, SW
Ohozara LGA & NW
25 | Ude R. (I) .Enugu N & Nkanu LGAs, Igumale SW &
' Onuba, Ugboba-ani Nkalagu NW
26 | Gde R. (II) Enugit N & Nkanu LGAs, Igumale SW &
Ndiaguowa, Owo ' ‘Nkalagu NW.
27 | Ude R. (LiI) Enugu N & Nkanu LGAs .Igumale SW
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APPENDIX I: MORPHOMETRIC DATA’,AGENERATED FRCM THE ABOINE BASIN

(AT THE SCALE OF.1:50,000, VARIABLES ARE AS

LISTED IN APPENDIX AJ:

VARIABLES
Ny 2Ly 4 %2 | 3 SL L Aq h D4 Re | Re d E HI

33.00 | 55.50 | 1.28 | 3.67 | 45.00 | 94.75 | 2.11 | 85.75 | 68.58 | 1.11 | 0.50 |0.40 |21.00 |6.58 | 0.203
62.00 | 71.50 | 0.74 | 3.65 | 84.00 | 135.50 | 1.61 |105,50 | 68.58 | 1.28 | 0.77 |0.56 |21.00 |7.31 | 0.172
58.00 | 57.25 | 0.60 | 4.14 | 76.00 |119.25 | 1.57 | 80.63 | 106.68 | 1.48 | 0.56 |0.49 |28.00 [10.18 | 0.398
66.00 | 86.50 | 0.75 | 3.56 | 86.00 | 161.50 | 1.88 |109.00 | 106.68 | 1.48 | 0.56 |0.51 |28.00 |9.45 | 0.500
46.00 | 39.70 | 0.41 | 3.29 | 64.00 | 74.50 | 1.16 | 47.75 | 64.0L | 1.56 | 0.82 |0.70 |17.00 |6.12 | 0.344
150.00 | 149.75 | 0.56 - 4.17 |195.00 |293.25 | 1.50 |227.50 | 106.68 | 1.29 | 0.58 |0.45 |44.00 |13.38 | 0.422
43.00 | 32.90 | 0.42 | 3.91 | 57.00 | 65.30 | 1.15 | 34.00 | 85.34 | 1.92 | -0.56 |o0.42 |25.00 | 7.84 | 0.433
58.00 | 36.00 | 0.24 | 4.16 | 77.00 | 64.75 | o0.85 | 30.00 | 70.10 | 2.16 | 0.61 |o0.65 |23.00 | 6.87 | 0.500
46.00 | 26.40 | 0.22 | 3.67 | 60.00 | 42.35 | 0.71 | 16.75 | 54.86 | 2.53 | 0.75 |0.80 |20.00 | 5.99 | 0.500
82.00 | 64.50 | 0.31 | 3.57 |111.00 |117.00 | 1.05 | 58.50 | 83.82 | 2.00 | 0.65 |0.54 |32.00 | 12.97 0.438
24.00 | 17.90 | 0.29 | 3.00 | 35.00 | 36.15 | 1.03 | 20.25 | s4.86 | 1.79 | 0.56 |0.51 |11.00 | 4.00 | 0.500
35.00 | 32.70 | 0.48° | 3.89 | 48.00 | 70.10 | 1.46 | 52.00 | 54.86 | 1.35 | 0.77 |0.57 |13.00 | 4.55 | 0.500
18.00 | 19.30 | 0.50 | 3.60 | 26.00 | 38.35 | 1.48 | 26.75 |- '54.86 { 1.43 | 0.61 |0.38 |10.00 | 3.34 | 0.172
110.00 | 97.00 | 0.46 | 4.23 |143.00 |181.50 | - 1.27 [104.25 | -79.25 | 1.74 | 0.5¢ |0.49 |36.00 | 12.05 | 0.360
17.00 | 15.00 | 0.68 | 3.40 | 25.00 | 49.30 |. 1.97 |85.00 | 67.06 | 0.58 | 0.69 |0.51 | 9.00 | 2.84 | 0.188
27.00 | 29.20 | 0.83 | 4.50 | 36.00 | 52.35 | 1.45 | 40.00 | 160.02 | 1.31 | 0.47 |0.34 |17.00 | 5.37 | 0.422
36.00 | 49.30 | 0.93 | 4.00 | 49.00 | 91.25 | 1.86 | 66:00 | 160.02 | 1.38 | o0.64 |0.51 |15.00 | 4.54 | 0.391
16.00 | 14.40 | 1.06 | 2.67.] 25.00 | 28.00 | 1.12 | 23.00 |-160.63 | 1.22 | 0.64 [0.55 | 7.00 | 2.48 | 0.438

e

3

.,:l)‘f
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g VARIABLES o 7
o Y N o \
3 N, PR B R, | &V 2L g | 5 a b Dy Re Re d E HI
19 25.00 22.60 | 0.56 | 5.00 | 33.00 | 40.00 [ 71221 |'28:00 | 163.68 | 1.43 | 0.56 | 0.47 | 12.00 | 3.45 | 0.563
20 | 39.00 58.75 | 0.90 |.3.90 | 52.00 | 117.20 | "2&25 |113:75 { 109.73 | 1.03 | 0.52 | 0.46 | 19.00 | 5.74 | 0.125
21 67.00 | 100.50 | 0.92 | 3.53 | 91.00 | 187.20 |u(2706 [133:00 | 312.42 | 1.41 | 0.70 | 0.67 | 19.00 | 6.89 |. 0.223
22 | 51.00 74.45 | 1.13 .| 3.92 | 68.00 | 138.05 |:¢2/03;[121550 | 109.73 | 1.14 | 0.56 | 0.53 | 26.00 | 7.51 | 0.180
23 | 106.00 | 153.35 | 1.07 | 3.93 |138.00 | 316.55 | .°2v29 {299:25 | 256.34 | 1.06 | 0.67 | 0.61 | 30.00 |10.53 | 0.281
24 46.00 | 64.60 | 1.50 | 3.07 | 64.00 | 123.60 | .1.93 [123:25 36.58 | 1.00 | ©0.56 | 0.45 | 17.00 | 5.00 | 0.203
25 34.00 3170 | 0.40 | 4.86 | 44.00 | 59.30 | ..1235| 38i25 | 140.21 | 1.55 | 0.55 | 0.51 | 16.00 | 5.87 | 0.289 "
26 24.00 24,25 | 0.44 | 2.67 | 36.00 | 50.75 | 71341 | 39:00 | -124.97 | 1.30 | 0.67 | 0.67 | 12.00 | 1.61 | 0.133 -
27 18.00 15.40 | 0.35 | 2.57 | 28.00 | 25.70 | 70:92 | .14%50 56.39 | 1.77 | 0.64 | 0.62 | 11.00 | 3.65 | 0.125
x | 49.37 53.35 | 0.67 | 3.72 | 66.52 | 102.72 | *1.51| 78:63 | 108.04 | 1.46'| 0.62 | 0.53 | 19.96 | 6.52 | 0.333
s 31.93 39.91 0.60 | 40.89 | 74.63 | 0i45| 65.70 63.72 | 0.40 0.11 { 8.93 3.17 | 0.142 .

| 0.34

0.09
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APPENDIX J: THE S.P.S.S. COMPUTER PROGRAMME USED FOR

JOB
FILE NAME
RUN NAME

VARIABLE LIST

INPUT FORMAT

INPUT MEDIUM

N OF CASES

FACTOR

STATISTICS

READ INPUT DATA

FINISH

PRINCIPAL COMPONENT ANALYSIS ‘

\

LASER ENG, PH, 06 APRIL 1994

UME LIS'
FACTOR ANALYSIS

XN1, XL1l, XMAl, RBZ2,
SUMN, SUML, XML, AD,

REL, DD, RE, RC, DI, EX, HI.
FREE FORMAT

MAGNETIC TAPE

25

VARIABLES = XN1 TO HI/

TYPE = PAl/
ROTATE = VARIMAX/

ALL
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AREA~-HEIGHT ANALYSIS FOR THE 27 SUB-BASINS

or

THE ABOINE NETWORK

Heightg/Basins 1 2 3 4 5 6
< 76.2m - - 17.00| 46.00 |{35.50 ( 150.50
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 - - - 3 - -
381 < 457.2m - - - 5 - -
Total (Kmk) 85.75 | 105.50 | 80.631109.00 [47.75 | 227.50
APPENDIX K continued
Heighty/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 < 304.8m 7 - - - - -
304.8 < 381m - - - - - -
381 < 457.2m - - - - - -
Totdl (Km2) | 34.00 30.00| 16.75| 58.50 {20.25 52.00
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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 < 381lm - - - 4 - -
381 < 457.2m = - - - - -
Total (Km2) 26.75 |104.25 | 85.00{ 40.00 |66.00(23.00
APPENDIX K cont~inued
Heights/Basins 19 20 21 22 23 24
< 76.2m 0.75 |105.00 | 40.70 |110.50{120.25[15.75
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 < 304.8m | - - 3.73 | - 0.25( -
304.8 < 381m - - 2.87 - - -
381 < 457.2m - - 1.43 - - -
Total (Km?) 28.00 [113.75 | 133.00 [121.50 {229.25 [I23.25




APPENDIX K continued

Heights/Basins

25 26 27
< 76.2m - - -
76.2 < 152.4m | 33.25 37.75 14.50
152.4 < 228.6m 5.00 1.25 -
228.6 < 304.8nm - - -
304.8 < 381m - - -
381 < 457.2m - - o
TPotal (Km2) 38.25 39.00 14.50
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