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( vii). 

ABSTRACT: 

The quest for the best way to grapple with a myriacl of topographical 

hurdles in the process of urhan land use management in Enugu motivated 

this work. TI1e ernpirical investigation startecl with air photo-inter

pretation and proceeded through field worJ< involving pedo-geomorpho:Jo

gical and morphometric examination of the landscape. 

Statistically and logically verifieè field information revealed 

a high degree of terrain irregularities and hence the existence of 

serious terrain constraints to urban land uses. The Enugu .Master Plan 
aUempi io guide. urban planning process, 

was seen as a planned, concertedlbut. unfortunately~ its neglect of 

detailed geological and geomoJ.1lhologica1 datais a serious clefect. 

The issue of slooe instabili ty and colJ apse of urban buildings 

generated much concern. Our sub-soil investigation revealed a sequence 

of over 50% clayey materials at a depth of 120cm helow the irround 

surface. Gi ven the area' s l, SOOnun-annual rainfall, a li thology wi th 

significant clayey strata sets the stage for a violent·operation of 

catenary processes necessitated by surficial overlancl flow. In.ter-

action of the catenary and surficial processes-explains slope instahility 

and collapse of buildings found in the study area, while the hazard 

is perpetrated by wrong land use allocation and encroachment upon 

the green verges, 

Unprecedented rncreases in bu_il t-up · areas are helcl to be responsihlP

for decreasing infiltration, increased runoff and consequent erosion 

and inu'llation over parts of the area. ln order to obvia te such 
t,. 

environmental feed backs, the need for planning becomes obvious. 

(J 
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( V j Ï j) . 

Consequently, various topographical infonnation were synthesized 

into a morpho-consenration map and a land capability map. These 

maps are of innnense import for urban land use plaruüng and management 

as they would help transfonn topographical constraints into spatial 

assets, and serve as invaluable tools in the attempt to decongest the 

down town area~ effect urban renewal, plan intra-city route ways and 

site new growth points or lavouts. 
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1.1 The Problem: 

CHAPTFR 1 

INTRODUCTION 

Se.veral problerns have, in recent times, plagued urban live

ability. These include the well-known problems of water supply, 

traffic congestion, over-crowding, environmental degradation and 

deterioration, a number of social iwoblems, and the less-known but 

equally insidious prob1ems that derive from the nature of urhan terrain 

and geomorphic processes at work. The topographie disposition of any 

place or the lan<lscape as it is can he viewed as being in astate of 

dynamic equiJ.ibrium. 'lhe morphology of thè land is sequel to the 

cumulative effects of working and re-working by a series of landscape..,. 

forming processes that have been acting from the geologic µast. 

Historical facts reveéll that jn the field. of geomorphology, such 

mentors ancl landform-analysts as W,M. Davis, lV.Penck, L.C. King, 

A.N. Strahler and J.T. Hack have made concerted but inde.pendent attempts, 

through theories, to account for the pattern of landscape development. 

In this conn.ection, several paradigTILs have been embraced and la ter 

<liscarcled as no longer a satisfactory approximation to reality, This is 

quite impressive of geornorphology, in that, in a yow1g and active disci

pline, concepts are' continually re-modelled and refined, This idea of 

conceptual inconstancy necessary for methodologtcal advancement in any 

virile field of enquiry, in all probability, unscathingly reduces to 

nothingness, an assertion in which Minshull1 (1975) attempted to indict 

geomorphologists for unclarity, inconsistency and confusion about the 

subject matter of their discipline. But one should not be daunted 
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f because of this myopie indictment since' intellectual advancement is 

a continuing process of modification, rejection, addition and replace

ment of conceptual tools (Wrigley, 1965). However, it is interesting 

to note that science never pursues the illusory aim of making its 

answers final; instead, empirically supported propositions are fruitful 

for further investigations (Davies, 1969), and the results arrived at 

by different exponents can only progressively trace a locus which is 

asymptotic to the curve of absolute reality (Iloeje, 1961). 

But granted that our theoretical knowledge of the landsca:pe has 

hecome profound and sophisticated, how can we harness this knowledge to 

ensure a repercussion-free anthropogenic transformation of our city

scape? In historical geomorpholocy, a truism has it that it is what 

endogenic forces have brought up that exogenic processes eventually mow 

clown. The emergent landscapes are dynamic evolutionary complexes 

(Markus, 1951) and in astate of delicate balance. 1he inherent complex 

jnteractions and relationships (~la.rosi and Szilard, 1964) involving the 

action of modifying processes on a given landfonn-physiography, together 

with process-accentuation by human interference should necessarily be i 

unravelled and carefully studied to guide man's action on the land. This, 

therefore, LIDderscores the need for terrain evaluation. According to 

Ma.rosi and Szilard (1964), this evaluation or inventorization examines 

the physiographic environment from·the standpoint of practical utiJization, 
. , 

the chief aim being to detect and evaluate the conditions promoting or 

hindering economic: activities. But how do we apply this kind of 

evaluation to Nigerian cities? 
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3. 

Certainly, urban spatial stn1ctures are set on the terrian and 

ti1e terrain itself is being shaped, moulded anà even disfigured by 

many geomorphic :processes. The danger has been exacerbated in that 

the course of our urban planning experience in Nigeria seems to give 

credence to the· opinion that geomorphic factors have been viewed as 

being insignificant in the planning of our landscape .. If, unfortunate

ly 1 the landscape of an urban centre is beset by a multiplicity of 

limitations militating against urban land use, how should the land be 

evaluated and what should be the criterion for allocating heterogeneous 

pieces of land to their individual best possible uses? One rnay yet 

question whether land evaluation as a geomorphological practice is even 

necessary before a piece of land is putto an effective definitive use. 

Furthennore, the extent to which the impiementati.on of urban planning 

policies is constrained by difficult or hilly terrain is worth heing 

explored. In terms of actually utilizing the land, one still wonders 

whether our technoJ:ogy anc'l wherewithal in relation to conspicuous 

TIDrphological hurdles should not merit serious consideration. 

With respect to the philosophical underpinning toits methoclology, 

geomorphology has evidently been misconstrued by non-practitioners as 

the study of deserted, isolated, hurinnocky) ragged and rugged landforn1s, 

with little or no·practical social ~elevance to man apart from satisfying 

his curios i ty. 'Ihis si tua tion rais es an important question: Has geomor

pho logy any practical social re1evance in the planning of intra-urban 

route-ways, location of industries and the siting of various urban 

ftmctional units in relation to the nature of terra.in? It has been 

advocate<l that geomorphologists should be involved in roa<l planning and 
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construction and that geomorphological maps are very useful in 

ascertajning areas of geomorphoJ.ogicaJ risks (Tricart, 1965), The 

knowledge of slope stability, hydraulic geometry, soil erodibility 

and fluvial sedimentation has been cla.imed to be very relevant in 

solvillg the problem of the tropical city (Douglas~ 1978). The above 

views (by Tricart and Douglas), of necessit.y, require empirical 

jnvestigation. 

One still wonders about the place of palaeo- and present- da.y 

geological and geomorphol.ogical evidences (which are the geomorphic 

underpinnings of terrain dynarnics) in trying to diagnose and understand 

landscape configuration so as to avoid chaotic and precarious urban 

spatial and structural expansion. Practical application of pure know

ledge of the terrain to land use still seems to be a mirage. If geomor

phology actual1y studies sur:ficial landfonns and processes, then one 

ma.y question why it h.as; hitherto, contributed insignificantly in guiding 

the urban planning process that should lead to a pyjrner on planned 

spatial structural organization and re-organization expedient in most 

Nigerian cities. 

The nebulous and question-generating issues about the methodology 

and application of geomorphology to terra.in evaluation in the area of 

urban space planning constitute an axe for this research to disinter 

and grind. The need to provide a rational explanation for the issues 

rnentioned above fonns the focus of this work. To generate an awareness 

of the severity of the problem presupposes the choice of an empirical 

case. In quest for answers and explanation for the above stunning questions 

and puzzling issues, certain specific intentions are bome in mind. 
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1.2 Objectives Of the Study: 

They être: 

li) Identifying areas Jiable to terrain hazards (or active 

processes) such as flooding, erosion and structural instability, and 

giving guidelines on how best to obviate such hazards. 

(ii) .Highlighting static topographical constraints posed by very 

steep, rugged and di.ssected slopes and searching for the best way of 

coping wi.th these constraints in the process of maximizing conventional 

urban land uses. 

(Hi) Attempting to make some geomorphological contributions (guided 

by Environmental Impact Statements (EIS)) to the crucial issue of 

relocat:ing some frmctional units for more effective and convenient urban 

activities. 

(iv) Appraising constra:ined and appa:rently rmusable terrains especi.ally 
\ 

of the suburbs and city-sections that have not yet been putto effective 

definitive land uses with a view to converting these topographical 

liabilities into spatiai assets. 

Hopefully, this study will open up new vistas and constitute a 

valid contribution to the advancement of geomorphological thought and 

enquiry particularly in the area of urban terrain management in cities 

of the Humid Tropics. To realize these specific objectives, a sui.table 

method for empirical work has been adopted and the issue of concern to 

this work has been recluced .to a'theoretical rnodel. 

1.3 Theoretical Background: 

When the relationships between variables in a system are resolved 

:into a model, the relative contributions of those different variables-
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can then be eluciclated. A model is a sirnplified structuring of realitv 

' in which supposedly significant. features or relationships are presented 

in a generalized form (Charley and Haggett, 1967). Conceptually, 

. therefore, the 'systems approach' will be appropriate to x-ray the 

interactions of geomorphic factors in the city landscape system. This 

idea is crystallized in a model schematically shown in Figure 1. 

A system is viewed as a set of abjects together with the relation~ 

ships existing between those abjects and their attributes (Coffey, 1981). 

In asserting the systems t.hinking as the key to explanation, Harvey (1969) 

argues that the concept has been favourably applied in several areas of 

empirical investigations in the Twentieth Century. It has, however, been 

noted that a.lthough systems planning is nota panacea for environmental 

problems~ it is a decided. irnprovement over a lack of planning. Systems 

analysis involves specifying possible alternatives~- determining the 

consequences of adopting any of them and;also using objective statements 

to show which outcome might be preferred to another (Pantell, 1976). 

These possible alternatives have been clearly built into a model 1~hkh 

we used to investigate the research problem already stated. 

Also the systems approach can be further extended through the use 

of matrix concept. Hence the landscape and functional relatinnships in· 

a city can be mathematically defined and algebraically rendered as the 

vector-of inpµts X= (x1! x2, •.. xn) serving as stimuli to the system 

and another vector of outputs Y = ·(yl' Yz, ... yn) serving as response 

of the system. 1he inputs are the stimuli introduced by man's decisions 

to locate or site various functional activities or phenomena in urban 

space, and these can be bath planned and unplanned and range from x1 to 

., 
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xn. The outputs are the responses in the form of conse~1ences and 

benefits, and these largely depend on the nature of inputs. These 

responses range from y1 to yn' representing the various fee<lback 

effects of man's actions in the urban space (whether goocl or bad,), 

A cursory look at Figure 1 obviously reveals that the system 

mode] led is an open one. 'Real life ,, systems are 'open' since they 

interact with their environment. However~ it has been strongly but 

cleviantly argued that as an intell:ectua1 construct used "in analysis, a 

system must ofnecessity, be 'clos,ed'" (Hagen: 1%9, p. 145). ln the 

same vein: recognizing the 'closed system' concept as a pedagogical 

inevitahility, Harvey (1969, p. 448) boldly concluded that "systems 

analysis cannot proceed, therefore, without abstraction and without 

closure". But modern developments in General Systems Theory clearly 

show that the open systems thinking is more dyna:mic, realistic and 

scientific and therefore pr.eferred to the static, old-fashioned closed 

systems thinking, The above r1ssertfoh is confirmed by the works of 

Coffey (1981} and also by Ofomata's (198?) soil erosion model which 

followed the tenets of modern scientific systems analysis. TI1e 

suitability of systems analysis in the abstraction of important relation

ships from cornplex interacting variables was demonstrated by lJmelJ.dl,lj i 

(1985) while dealing with the prob'iem of urhan solid waste management 

in Onitsha. From the foregoing, it would not be an over-statement to 

assert and insist that systems approach not only appears useful and 

appropriate but also e:xpedient to our present in~estigation, 

In accordà.nce with the standard model of scientific explanation 

which Horvey (1969) described as the set~ing up and observing of decent 
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intellectual standards for rational argument, we shall be highly 

empirical and so an urban centre with a seemingly high degree of 

terrain irregularities has been chosen for detaj lecJ investigation. 

J • 4 The Study Area: · 

Enugu: 'the Coal City' ( 6°27 'N, 7°29 'E) , a scarp-foot town, was 

founded by W.J. Leck and his mining crew in 1915 (Okoye 1 1975). It 

is sited on a foundation of shales (Figure 2) which crop out at the 

base of the l80m-Enugu Escarpment, underlain by False Bedded Sandstones 

of the Upper Cretaceous System and Lower Coal·Measures (Jennings, 19S9). 

According to Udo (1978), it is loca.ted on the Scarplands of South.,, 

central Nigeria heavily dissected by headwaters flowing into the Cross 

River. Several eastward flowing streams rise from the escarpment and 

flow in incised courses hence dissecting the area into an undulating 

topography (Okoye! 1975). 1he area is characterized by sharp-edged 

projecting spurs already breached by erosion to fonn sandstone outliers 

of which an excellent example is the Juju Hill facing Uwani area (Plate 1). 

Coal was discovered in the area in 1906 and its mining started in 
1 

1915. Udo (1978) believes that Enugu owes its origin and early growth 

to coal-mining. Ajaegbu (1976) affirms that coal-mjning provided the 

initial economic impetus which was enhanced by the completion of the 

coast-bound railway line in 1919 and the town '·s role as an administrative 

centre, providing further stimulus for growth, 1929 saw the town as 

the he:=idquarters of the Southern Provinces of Nigeria; in 1939 it became 

the headquarters of the Eastern Provinces; after 1945 it was further 

developed as the Eastern Region administrative seat; in 1967 it 
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PLATE 1: The Famous Juju Hill lflat-topped): An epitome of the 

legacy of denudation and dissection. 1he relief of this 

·landfo1111 unit attracted the siting of a water-storage 

and distribution tank - illustrating man's ingenuity 

in converting a topographical liability jnto an asset. 
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became the capital of the defunct Biafra; and now (J.988) i t is the 

capital of the Anambra State. Thus, from a mere colliery camp of 1Yl4, 

Enugu has grown to a total built-up area extencling up to about 72km2 

(Ajaegbu, 19ï6) as at 1976 but rnuch wider now (1988) about 132km2 (as 

will be seen in section 2.2.1). 

The population of Enugu bas been increasing at a phenomenal rate as 

shown in Table 1. 

TABLE 1: Enugu'·s population increase in recent times. 

Year 1921 1931 1953 1963 1982 1983 1984 1987 

Pop. 3,170 13,COJ 62,764 138,457 349,873 367,367 385,735 446,535 

* ·A· * ** . ** -A'* *"A' 

Sources: 

* Okoye (1975) 

~* Anambra State Population estimates, Statistics Division, 

Ministry of Finance and Economie Planning, Enu~1. 

**·i< 

*** Projected with 5% annual growth-rate using 1963 as base year, 

Enugu used to be sanclwiched in-between the Ekulu and.Nyaba rivers 

with the ldaw, Asata,,Ogbete, Aria and other smaller river.s doing major 

interna! morphological dissection, Enugu 1·s· Central Business District 

(CBD) or retail heart of the city, located between Ogbete and Aria rivers, 

is made up of shom:iing centres and the main Ogbete Market. Intensif ied 
: 

in-migration with rio_room for expansion around Okpara Avenue shopping 

Centre led to the establishment of the Ogui New Commercial layout (Okoye, 

1978). 'Hypertrophie urhanization ,, lBreese', 1966; Duru, 1972, 1974; 

Uyanga, 1982) has since manifested itself in the formation of slums around 
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Ogui-Asata and Coal Camp residential areas. 

Because of inexorable and unprecedented expansion and since the 

Milliken hill rnakes it almost impossible for the town to extend westwards, 

Enugu has, perforce, spilled northwards.over the Ekulu river-hence 

the Trans Ekulu and Âbakpa Nike Layouts. ' I t has been observed that 

the coal inàustry is no more Enugu's main economic support as the town 

has prominently become an administrative;. educational and cultural 

centre. With Port Harcourt, Aba and Onitsha 1 Enugu forms part of the 

Eastern Nigeria Industrial Complex since ,it houses a nwnber of 

industries especially in the Emene inèlustrial layout (Okoye, 1975; 

Ayeni, 1982). It is when Enugu is viewed aga:inst the backdrop of 

relentless urban physical and popuïation expansion, on a landscape 

replete with severe terrain ]imitations that the need to maximhe the 

use of the land through proper land evaluation becomes clear, Ma.king 

this evaluation meaningful implies a tedious field work and a careful 

analysis of the resulting fie]d data: a process which is essentially 

prec:eded and enhanced by a critical review of exisbng related works. 

1.5 Review of Cognate Literature: 

1.5.1 General Principles: 

In an embryonic work, Mitchell (1973) defined terrain as a tract 

or stretch of land especially with regard toits natural features and 

configuration. In terrain evaluation the.suitabiii~of the landscape is 

assessed at site with particular reference toits relief~ rock, soil, 

water and vegetation, and these attributes élre brought to bear on the 

_particular land use type desired (Beckett et al, 1972; Smith, 1982), 
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Extant works by most scientists dealing with the skin of the earth 

tend to equate terrain with land. It has been observed that the 

term 'land' ernbraces all the physical and biological characterist:i.cs 

of the land-surface which affect land use (Thomas, 1969·; Gardiner 

1976) • Land has both physical and social connotations includin.~ those 

of space, nature, location, propetty and capital (Dwnansi:i . et al, 1979) 

and its classification implies defining the value or quality of a given 
1 
i 

piece of land for any one type of use lCruickshank and Armstrong, 1971). 

Deriving information from land, land.,use and economics, Dent and 

Young (1981) aver that the process of estimating the potential of the 

land for alternative kinds of use is simply land evaluation. In the 

same vein, Way (1973) prefers to use '·terrain analysis' which he defined 
1 

as the identification and interpretation·of landforms, mainly through 

air-photographs for purposes of land planning (i.e. land use), landscape 

architecture and similar projects. Such·an analysis needs a multi

disciplinary approach. 1his is because it requires a conçarison of 

benefits with inputs and the con~equences arising from·one particular 

kind of use are examinecl and compared with those from other alternative 

uses. ihis is in consonance with t:he Food and Agricultural Organizatiori 

(FAO) framework which places some emphasis on the need to incorporate 

economics into land evaluation (Young and Go.ldsmith, 1977), In simple 

terms, therefore,:terrain evaluation is an inventorization process 

principally concerned with analyzing, apptaising, classifying and 

expressing the vahie of terrain configuration as a spatially distributed 

resource, 
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Most land evaluation has been agronomie rather than pedogenic 

(D'Hoore, 1968), but no matter the taxonorny used, surficial geomorphic 

processes relentlessly opera te on the landscape •. Geornorphoîogy as a 

ftmdamental research discipline studies the skin of the earth as the 

haven or home of man by focussing specifically on the mode of operation 

of these modifying surficial processes and the resul tant landforrns .. 

Zelinsky (1970) has proffered an ideà about the geographer's role 

as 'diagnostician's 'prophet' and 'architect' of the future society, 

Tnis order-superimposing role of the geographer illustrates bath the 

theoretical and applied aspects of the discipline (of which geomorphology 

is a part) in solving the envisaged future spatial 1Jroblems. Pm·e geo-,. 

morphological works elaborated and corroborated with theoretica1 and 

mathematical models are now being applied to disentangle, explicate and 

resolve specific socio-economic, political and environmental puzzles 

in different parts of the world. 

1. 5. 2 Global View: 

Much has been clone on how the principles of geomorphology can be 

applied to monitor and predict landforrn and process changes in inter..-,· 

disciplanary environmental and resource management (Tricart, 1965! 
' 

Tuornkamp, 1971; Cooke and Doornkamp, 1974; Hail, 1977; Coates~ 1981). 

It has been convincingly maintained by Cobke and Doornkamp (1974) that 

environmental geomorphology knows no traditional subject boundaries; 

and so embraces parts of such subjects as hydrology, engineering-geology, , 

pedology and geography. 
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Contemporaneo~sly, Mitchell (1973) and Way (1973) have attempted 

to deal with the issue of terrain, hut their doubtful and shaky geo ... 

morphological background lowers the quality of their work and this 

shortcoming could get terrain classification a bad name if it is 

allowed to pass unchallenge<l (Ollier, 1977). Adequate knowledge of 

terrain dynamics is relevant for meaningful conservation programmes, 

for irrevocable engineering constructions (Tho111bury, 1954) and for 

astute urban and rural plmming (üoorn~amp, 1971). The terrain or land 

forms a complex set of delicate resources and it is the awareness of 

this momentous fact that has led to meticulous land evaluation in 

severaI cmmtries with a view to maximizing the use of the land. 

In the United States of America, the process starts with a general

purpose soil survey following the rnethod adopted by the Boil Conserva

tion Service to study the counties (Dent and Young: 1981). The Polish 

Land Utilization Survey tries to maintain an equilibrium between the 

scientific (pure) and practical (applied) connotations of the concept 

(Kostrowicki, 1961). During the colonial era, the Land Resources 

Division of Overseas Administration (of Britain) used to carry out land 

resource inventories in Tanzania, Nigeria, Gambia and other colonies. 

1be Military Vehicles Experimental Establishment (MVEE, forrnerly MEXE -

Military Engineering Experimental Establishment) based in Oxford has 
of land evolua-tion.Also ihe Commonweal1h Scienhfic 

been grappling with the issueLand Industrial Research Organization 

(CSIRû) has done very voluminous and extensive works on terrain evalua

tion in Australia (Ollier, 1977) while concerted attempts to evaluate 

the land have been noticed in Malawi (YcM~and Goldsmith, 1977), 

'.l 
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Canada (Dtnnanski et al, 1979) and Union of the Soviet Socialist 

l<.epublic (USSR)(Solentsev, 1962; Rode, 1962). In these countries, 

various land researchers and agencies have developed different 

modes of analyzing the terrain for the purpose of practical use. 

1. 5. 3 Methods of Terrain Evaluation: 

Geomorphologists and other envirorunentalists have developed 

standard techniques for effective c01mnunication about landforms and 

lanclscapes. Terrain potentials are highlighted in such a way that 

landscape units depicted are correlated with the economic aspects of 

the land or land use. According to 011:i.er (1977) terrain inventories 

take the form of diagrams, maps and verbal descriptive materials; and 

different methods o:f achieving this goal have become distinctly 

recognized. 

1. 5. 3 .1 Morphological Mapping: 

Walters (1958) has opined that a morphological rnap is a cartographie 

expression of the distribution pattern of the facets of the land 

surface. It simply shows the surface shapes (Bridges and Doornkanip, 

1%3; Doomkamp, 1971), is a bit morphographic and mainly morphometriè:. 

Its compilation is chiefly through the rigorous technique of morphometry 

defined as 

"the measurement and mathernatical analysis of the configuration 

of the earth \ s surface and the shapes and di111ensions of i ts 

landfonns" (Clarke, 1966, p. 235). 
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A major demerit of this method is its exclusive consideration and 

1mdue emphasis laid on concave, convex_. rectlinear and other slope 

properties of landforms and consequently almost neglecting the role 

of structure,li1hology ·and process. 

LS.3.2 Geomorphological Mapping: 

This is more analytical, more indepth, and more embracing than 

morphological mapping in that it not only depicts the physiognomy of 

the forms but also attempts an interpretation of the forms by 

.complementing rnorphometry and morphography with morphochronological 

and morphogenètical information about the terrain (Klimaszewski, 

1956, 1963; Tricart, 1965; Verstappen, 1970; Demek, 1972). As a vital 

tooî in the landscape analyst's arsenal, this teclmique supplies 

spatial information about terrain dynamics making it possible to fore

staJ.1 terrain hazaràs that could be sequel to and accentuated by wrong 

éllld unplanned locational decisions. 

Nevertheless, a notable proportion of extant geomorphological 

mapping especially in Poland! France and USSR is done on a scale that, 

is too smalï for direct application to specific urban land uses. 

ResuJ.tant maps contain much information not directly relevant to 

particular problems (Gerrard1 1981), Consequently. the technique 

remains pedagogical and gives geheral background information about 

the landscape, while stressing the need for a more analytical technique 

-applicable on a relatively larger scale for urban land use differentia.

tion and analysis. 
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1, 5. 3. 3 TI1e Lands cape Approach: 

According to Brink et al (1982), this stems frorn the concept 

systematically amplified and popularized by Christian and Stewart 

(1953) who observed that units of terrain defined with respect to their 

surface features and air-photo-patterns can be used to extrapolate 

spatial information. Two major approaches have emerged from this 

fonnulation: 

1. 5. 3. 3 .1 The Land Systems Mapping: 

This is a descriptive, t.eclmique whereby the terrain configuration 

is depicted by a block diagram coupled with an explanatory note giving 

details of the geology, 1ithology, relief, slope, vegetation and othet 

physiographic characteristics of the area being investigated. With this 

method, the 'land system' is the basic unit, defined as an area or 

group of areas throughout which a recurring pattern of topography, soÙs 

and vegetation can he recognized • (Christian and Stewart, 1953) and i t , 

is correlated with the geology, geoinorphology and climate of the area 

(Cooke and Doornkamp, 1974), The land system has a relatively ùniformi' 

climate and within it, for most practical purposes, the land facet is 

identifiable with unifonn environrnental conditions. Tiüs has led to an 

alternative definition of the land systèm as an area with a recurring 

pattern of genetically linked land facets (Dent and Young, 1981). A 

major significant underlying assumption·of this approach is that patterns 

of topography, soils and vegetation are so related that one can be used 

to predict the others (Gerrnr<l, 1981). ,' ,· 

This system was originally developed hy the Land Research Divisio11 

of the CSIRO, Australia, to maximize the use of various lands especiaJJy 
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for agriculture. The method has also hee:n independently used by the 

Oxford MVEE and the National Institute of Road Research (NIRR), 

South Africa to highlight soil-engineering properties of the land 

for the design of road systems (Dent and Young, 1981). Solentse.v 

(1962) reports that a similar technique has been developed in the USSR, 

for assessing the hydrological and biological components of the land

scape. 

In Papua New Guinea as in Australia; the anus of land systems 

mapping falls within the ambit of the geomorphologists, ecoiôgists and 

pedologists. 1he implièit strenuous process starts with a joint air

photo-study, then ground check: and finally an integration of air-

photo and field information to describe the land and broadly assess land 

resources ancl capability in terms of land systems (Blake and Paijmans; 

1973). 

The major advantage of land systems mapping lies 1n its simplicity 

and ease of operatio~ while the data presented by the technique can be . 

easily understood by those making use of the infonmtion for pJanning and 

decision-making purposes (Cooke and Doomkamp, 1974; Gerrard, 1981). 

Though widely used, the land systems approach has been sharply criti

cized based on conceptual and practical considerations (Moss, 1969; TI1omas, 

1969). It has been polemized that it emphasizes static relationships in 

landscapes significantly neglecting the dynamic interplay between soils, 

climate and vegetation (Gerrard, 1981), · This, therefore suggests the 

need for further refinement or a quest for a better alternative. 
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1.5.3.3.2 P,U.C.E. Classification: 

TI1e Pattern-lJnit-Component-Evaluation (PUC:E), developed by the 

Geornechanics Division of the csrno, Australia, provicles an hierarchical 

terrain classification for engineering purposes at four levels: the 

province, terrain pattern, terrain units, and terrain cornponent. It 

has been spiritedly and convincingly maintained that 

"this approach seems to provide the only practical 

method for the rapid acquisition of data with 

sufficient accuracy to permit planning over large 

area at project level, that is for the location~ 

design and construction of a specific transportation 

line such as a road" (Brink et al, 1982, p. 221). 

1.5.3.4 The Parametric Terrain Classification ~ · 

Dissatisfaction with the more descriptive PUCE and land systems rnapping 

has led to the development of the pararnetric approac.h by the more math~

matically rninded land evaluators~ 

1.5.3.4.1 Land Capability Classification: 

This is rnainly based on the concepts of capabili ty and limitations. 

Capability is the potential of the land for use in specified ways or 

with specified management practices while the limitations are land 

characteristics which have an adverse effect on capahility (Dent and 

Young, 1981). Land capability mapping has been used in Canada and the 

United States (by the U.S. Sail Conservation Service) with capability 

classes ranging from I - VIII indic.ating increasing limitations. It has 

also been used in Portugal, with classes A-E indicating increasing degrees 

of limitation to use (Gerrard; 1~81). 
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Guarding against the possibility of land rnisallocation in the 

rural-urban fringe of Ottawa, Dumanski et al (1979), assert that land 

factors such as suscepti.bility to inundat:i.on, rockiness, stoniness, 

steep slopes, drainage variability and natural soil drainage are funda

mentaJ. to many non-biological uses.such as housing and highway-routing 

which are affected slightly or not at all hy soil-specific factors such 

as poor structure, low fertility and droughtiness. They clearly noted 

that refined systems of soil mapping and land capability assessment were 

used in their work and that the results were excellent. 

1. 5. 3. 4. 2 Nwnerical Land Systems Mapping: 

Sequel to disenchantment with genetic classifications of land, 

Gardiner (1976) advanced the 'numerical J andfoJ111 description and analysis 

or'morphometry'. He maintained that the subjective elements inherent 

i.n the more tradition11l methods could be removed through quantificat:ion) 

but regretted that the full.est exploitation of this approach for practical 

purposes has yet to be perfonned or realized. Gardiner therefore went 

on and used Factor Analysis to illustrate· the morphometric use of the 

drainage basin for land evaluation. His èornputer-aided work is very 

promising as he derived a map depicting stenic value of the landscape 

and of considerable importance in delirniting areas of outstanding natural 

heauty, routing of motor-ways and electricity pylons, and planning of 

tourism (Gardiner, 1976). The scope and importance of this technique have 

been further advanced by Brink et al (1981) who assert that changes in 

drainage patterns are particula.1,ly useful in identifying boundaries between 

land systems . 
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Quantification in land evé!luation is also claimed to be more 

objective and based on measurements of lé!ndfonn properties such as 

altitude, slope and relative height (Ollier, 1977), Using geJ11orphological 

attributes such as relief and other slope properties to deter.mine the 

co-efficient of similarity, this highly mathematical technique has been 

applied to investigate c1.reas of land having a distinct pattern on aerial 

photographs in five adjoining areas of Papua New Guinea, The method 

yielded a very impressive and fascinating resuit (Scott and Austin, 1971), 

This approach is quite hopefully challenging due to the increasing use 

of the computer for much geographical analysis. 

1. 5 .4 Justification for this work: 

Of monumental significanèe to the understanding of the terrain concept 

is Christian and Stewart'·s (1953) investigation of the Katherine-Danvin 

Region of Australia. Attention has been drawn to the use of the principles 

of terrain ana]ysis for resource surveys:in the tropics (Young, 1968), 

Zamhia (Bawden, 1965), Uganda (Doomkamp, 1971), Pa.pua New Guinea (Haantj en: 

1965) and for engineering purposes in Northern Nigeria (fuwling~ 1968), 

Peltier (1973) asserts that in Cyprus (9,100 km2
)~ ~O to 70 samples for·, 

terrain analysis were adequate and gave a satisfactory picture of the 

relationships of mean slope, relief and drainage textures with lithology. 

Mortimore (1966) produced a land use classification map of Kano City 

without reference to terrain anc1 geomorphic factors that could influence 

both snatial differentiation and inte~ration of urhan activities. It is 
~ ~ 

quite obvious that terrain configuration is closely related to landscape, 

physiography and yet without reference to this relationshin, Onokerhorayf, 
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(1977) arivocates for the creation of different sizes of open spaces 

in the Traditional Nigerian Cities based on the concepts of threshold' 

population and range of goods. 

A nwnber of other stuclics on urlnm landscnpe havo :focusûd on 

aesthetics and envirorunentat nercention (Fines. 1968; Brancher, 1969;: 

Waller~ 1970; Penning-Ro1vsell and Hanly, J.973; Anderson and !1chroeder, 

1973; Schmid! 1983; Schreiber and Kias, 1983). Also based on vi_sual 

quality, Aoki (1983) studied Tsukuba Sc·ience City-Japan, located on a 

plain and with excellent views and panoramic landscape. In spite of 

the fact that the above cited works are important milestones and have 

made valid contributions to knowledge in the area of physiographic 

studies and aesthetics, yet the lacuna which they have left in tenns 

of scope is distressingly conspicuous. Most extant works on terrain 

a:ppraisal are ostensi:oly skewed, small-scaled, omnibus coverage of 

very large physiographic regions, Such a stance could derive :from an 

a('eal integration-oriented philosophy of geography which atternpted 

making sweeping generalizàtions. But current geographical enquirfos 

are systematic, topical and mainly special-pm1)osed. Unity cloes .not 

lie so much in the abjects of .investigation, but in the methodology 

of enquiry. 

In regional planning, transport network alignments,agricülture 

and forestry, the principles of terrain analysis have proved very useful. 

But it is interesting to note that the knowJ.edge and concepts of terrain 

analysis have not been fully applied to the area of urban spatial 

planning on a large scale, especially in the tropics. Douglas (1978) onlv 
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threw some light on and some challenge to the possibility and validity 

of applying the knowledge of sorne fundamental geomorphological concepts 

to the problems of the tropical city. However, his views on t.his issue 

have not yet been explored and amplifièd while the challenge he threw 

has not been full y taken up. 

In an attempt to break an age.,.Jong lull and irresponsiveness among 

geomorphologists, Ofomata (1978) came JJP with a pace-setting and vista

opening paper on geomorpliic constraints to urbanization in Nigeria with 

respect to Enugu, Port Harcourt~ Calabar and Lagos. In an effort to 

arouse professional concems; he noted, with a :fleeting feeling of 

lamentation, that most urban spatial locational decisions are only 

economically and technologically guided, neglecting the geomorphic 

mderpinnings of terrain dynamics . .Apart frorn that embryonic work, 

other existing works on urban space organization, especially in the 

tropics, are grossly marginal to the issue of terrain, ·n1erefore the 

need to expmmcl on this incipient but highly promising field of terrain 
to 

analysis in relation/\urban space planning is quite obvious~ 

In conclusion, the methods~ nature and inclination of the cognate 

works reviewed above reveal a palpable d.egree of skewness in emphasis. 

Scenic panorama, city-scape aesthetics together with the economic and' 

teclmological ramifications of urban spatial locational decisions havé 

mduly att.racted the attention of landscape analysts, with litt.le or rto 

consideration for the dynamics of: the terrain on which locational 

decisions are expressed, The need to investigate and highlight the, 

hitherto, neglected but equally very significant issue of urban terrain 
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processes in order to overcorne the inherent militating con!Straints 

cannot be over-emphasize<l. This not only justifies our study, but 

also makes it very imperative. Due to the nature of the problem being 

explored, as well as the explorer' s :field of interest. georno11)hological 

mapping and land capability rnapp:ing have been chosen as analytical and 

elucidatory tools to facilita te an invent01y of F.nugu 1·s constrained 

terrain. 1n order to vindicate the choice and validity of these two 

teclmiques, we shall proceed to the field to scout for relevant data 

to elucidate the substantive problem of our investigation. 
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CHAPTER 2 

THE TERRAIN AND EXISTING LAND USES IN ENUGU. 

Shawn in Figure 3 is an analysi.s (with some temporal connotations) 

of the procedures systematically adopted in this work to acquire the 

data on which our inferences are hased. 

2.1 Planning Stage: 

2.1.1 Aerial Photo-interpretation: 

It has been argued that 

"geomorphological survey without the use of aerial 

photographs (in conjunction with field and laboratory 

investigations) is ohsolete" (Verstappen, 1970, p,89), 

As a well-established technique in geomorphology, air poto-jnterpreta

tion was therefore used in this study at the reconnaissance level. 

The procedure aided the investigator to identify problem-areas, together 

wi th features of particular geomorphological interest, givin_g a fair 
., 

idea of the degree of terrain accessibility and rnaking it possible for 

the field-work to be planned ef:ficiently' not losing site of the 

tirne and cost implications and constraints. 

The fact that the use of air-photographs must have to be cornplemente.d 

with field-work was clearly demonstrated in Papua New Guinea where it 

' was observed that the investigator ca1U1ot so easily interpret soils 

directly frorn air-photographs since detailed topographical features 

that may have à hearing on soil properties are usually concealed by 

dense vegetation (Blake and Paijmans, 1973). At the reconnaissance 

level, ther~fore, hecause the air photographs show only the static 
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aspects of the landscape, the dynarnic features contingent upon 

interactions arnong rnorphology, structure and lithology, geornorphic 

process and hurnan activities were studied in detail during field work, 

Aerial photographs, together with existing maps of the study area, gavé 

a good field guide. 

Due to the relentless rate of denudation and landscape evolutioh 

accentuated by the various anthropogenic transfonnël.tions including coal 

mining, cultivation on the hill..,..slopes of the Milliken hill and urbaniza.,. 

tian in the Enugu area, the December, 1961 air photographs of the area 

by the Canadian Aero Service Lirnited, Ottawa and the Pathfinder Engineering 

Lirnited,Vancouver were considered obsolete, Alternatively, therefore, 

those of April~ 1977 by Meridian Air M.aps Limited on a scale of 1:6,000 

were used. The specific sheets used in netail are as follows: 

ENG 04 Rllll 16 Nurnbers 021 - 029, 

ENG 04 Rllll 17 Nurnbers 071 079, 

ENG 04 Rllll 18 Numbers 117 - ]!25. 

These aerial photographs are in the Air-photo section of the Ministry of 

Works, Lands and Transport, Enugu, In order to highJight terrain 

constraints posed by spectacular landfonrls complicated by hills with 

very steep slopes interspersed wi th incised river valleys and generally ' 

undulating topography, Numbers 074 and 075 of Run 17 covering Ogbete, 

UNTII, Obed Camp and Udi S:iding were selected and studied in more cletaiJ. 

using a stereoscope. 

Since the air-photos were taken in overlapping runs. stereoscopic 

examination of the selected adjoining sheets gave a clear static view of 

the topography. The stereoscope enabled the investigator to appraise the 
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topographie expression of the region on three dimensions. This means 

that not only the length and breadth of the area became vivid but also 

the relative heights of buildings, constraining river-valleys and 

towering hills. This brings us to the question ôf llléln' s ada1>tat.ion t'ci 

an environment replete 1vi th serious serious terrain constraints, At 

Ugwu Aaron, Obed Camp, Ugwu Atfred, Iva Va1ley, Ugbo Odogwu and 

Ugbo Okongwu, for example, the gradients of the hills range between . 

about 15° and< 6cf. With the current level of technology and wher@"" 

withal, peopJe in these rugged 8.reas have attempted to defy terrain 

constraints posed by very steep hill slopes, In these areas mentioned 

above, resideritial buildings are constructed rn a step-like manner. 

For instance, the roorns of, say, a three-,bed room flat may each stand 

on. a. different eleva tion and this is how several buildings are serially 

located on higher elevations as one ascends the steep slope of the 1\.:: 

hills. Usually, accessibility to these hill-,.side re~idential areas is 

via steep concrete steps. The''pictu:re" of the situation is illustrated 

in Figure 4. Even though mants attempts at combating the limitations 

posed by the unfriendly nature of the topography in these areas are 

quite commendable, yet the rigour.of accessibility and the socia] 

stigma assodated with living in such envfronments cannot be over

stressed. The possibility of bringing any type of vehicle into these 

areas is completely ruled out although these areas are rnainly occupierl 

by the low class and dregs of the society, 

2 .1. 2 Topographical Base: 

Air photo-interpretation gives more precision to field work 

when used in conjunction with existing topographie and thematic maps. 
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The topographical base of the s-tudy area was estabJ ished using several .. 

' maps. These include: 

(i) NIGERIA 1: 50,000 rnn N.E. SHEET 301 N. E; 

(ii) NIGERIA 1:50,000 N:<ALAGU N.'.lV. $HEET 302 N.W; 
·: 

(iii) NIGERIA 1:250,(X)() (GEOWGICAL SER~ES) ENUGU SHEET 72,; 

(iv) ENUGU STREET GUIDE MAP 1: 25,000; 

( v) ENUGU PLANNING AUTHORITY AREA MAP 1 : 50,000; 

(vi) NIGERIA 1:1,000 ENUGU SHEET 330/711/SE 3: 

(vii) NIGERIA 1:1,000 ENUGU SHEET 330/711/SE 4. 

In geornorphology, just as in rnany other ernpirical sciences, i t is. 
;d 

an indisputable fa.et tI-:at operator variance can only be rninirnized and 

never cornpletely elimi1.1:ated. Wi th this jn mind, the above maps were 

juxtaposed, compared with each other and finally up-<lated with current ~ 

infonnation froni ground truth, This sensorieus scientific process led :, 

to the discardirrg of some inherent but unfortmmte fundamental errors 

of which the most glaring exarnple is the locational rnyopia orchestrated;. 

:in ENUGU PLANNING ALTfHORI1Y AREA iv!AP 1:5p,OOO, Having adequately 

reconnoitred the area through fair topographie elucidation provided by 

the maps and air photographs, the grmmd truth and morpho-,-evaluàtion were · 

then embar ked upon .. 

2.2 Field Work: 

Broadly, land has been viewed as a physical entity embracing the ; 

atmosphere, the soil, underlying geologic materialr the hydrology and · .. · 

vegetation (DLUnanski et al, 1979), The inclusion of the atmosphere in !he 

definition of land is justified~ especially, in areas such as Obudu and. 
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Jo.s Plateaux where the attitude has created unique and easily distinguish

able micro-climates which not only influence the vegetation and surficial 

processes but also affect or even dictate land use patterns. Land 

evaluation in such areas should take into considerati.on the relnt:i.onship 

between the topography; elevation nnd meteorogical factors before deciding 

on how best to put individual stretches of land to clifferent uses. Apart 

frorn such examplary and excer,,tional areas mentioned above, the inclusion 

of climate in discussing the·concept of la~d is a fecund issue of debate, 

This is because climate plays a more signifie.a.nt role in cletermining the 

general land morphology on a small scale and i.t can he conversely arb,ued 

to be marginal with a very negligible role in relation to the issue of 

terrain on a large scale 1 at least in the area presently being investi.,. 

eated. Nevertheless: universally: climate in terms of rainfall interacts 

with lithology to detennine the rate of weathering and denudation, though,· 

in structurally unstable areas, man ''-s e:xploitative tendency and inter-. 

vent.ion can bring about violent modification of the terrain through 

accelerated denudational activities, This is why careful planning and 

assessment of environmental impacts are very crucial when man is consciously 

intruding jnto the landscape system. 

It has been advocated that for indepth land evaluation, the investiga

ting team should be made up of geomorpholog~sts, plant ecologists and 

pedologists (Blake and Paijmans, 1973) and the procedures for such a 

survey have been succinctly presented by Dent and Young (1981). Land 

evaluation, as has been conceptually clefined in section l,5,1, is simply 

an on-the-site process of analyzing~ classifying and estimating the potentials 

and limitations of the land to various uses. Sail survey is the basis of 
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land evaluation and soil is so important in the envirorunent that 

considerable over]ap and confusion exist between integrated land survey 

and soil survey (Gardiner, 1976). Summing and re-stating a climate of 

opinion about land evaluation, Dent and Young (1981, p, 246) asser.t that 

soil survey is 'the best starting point' especially when the prohlem 

has to do with the technical inteqwetation of moll:)hological, physical 

and chemical soil properties. With the ahove general ideas on the 

concept of land, we can then proceed to soil survey as a process of 

terrain evaluation. 

2.2.1 Sail Survey: 

A soil survev tries to delve into the interaction between pedology 

and geomorphology, and this has been built into a 1·state factor model' 

and described as a 

"function of topographie and li tholo-:fLmction being 

acted upon by climatic, and biotic factors at some 

point in time" (Gerrard, 1981, p. 7j. 

A soil investigation is never an end in itself in that the result is only 

a stepping-stone for further investigations. Given the terrain constraints. 

as in Enugu, the information on lithology gathered through soil survey is 

used in conjw1ction with sorne information on land surface configuration. 

Such data on land characteristics can then be interpreted for severaJ urbnn 

land uses including urban and regional planning, agriculture and for 

engineering in which case geo-technical data could facilitate construction

site choices and transportation net work aligrunent (Dent and Young, 1981; 

Brink et al, 1982). It is when the soil i,s full y understood that it can be 
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both intensively and extensively utilized to our advantage whilst 

bearing in mind that it is a continually varying hody ina dynamic 

equilibrium (Knapp, 1979). 

From the foregoing, the place of soil survey in land evaluation 

cannot be over-ernphasized and this is why sub-soil investigation 

occupies an important place in this work. Hand auger was ued to 

collect one hundred and twenty-three (123) soil samples :from forty-one 

(41) spots i.e. three (3) at each spot: one on the surface, another at 
the depth of 10 cm and the last one at 120 cm beJow the surface, In 

geomorphology, this is an accepted and a well-established way of 
,. 

collecting soil samples down. the soil profile (Ofomata; 1987). ·Through 

this method, the displacernent (or teaching down) of silt/clay fraction 

by infiltration and sheet wash is highlighted. The sarnples were simply 

taken at random, but the sampling technique was, of necessity, areally 

biased and mainly covered the urban fringes since it is impossible 

to bore through totally built-up areas using the hand auger. Even 

though the soil survey was airned at providing a detailed infonnation on 

lithology, unfortunately aceessibility to urban fringes especially, t9 

the west of Enugu was constrained by severe topographical limitations. 

Also when hard . impenetrab le rocks were , encow1tered du ring boring, al te'rna 

tive sampling spots had to be sought fo.r, However, the spatial sampl~ng 

frarnework that eventually ernerged gave a fair coverage of the 132 kr~2 

study area (as could be seen in Figure S). In a similar investigation,, 

Swan (1970) made use of 184 soil sample's to study the whole of Johor ' , 

State (19,(X)() km2
) in Malaysia and yet 1came up with excellent results. 
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To provide some inform."lfion about the' soil prof ile beyond 120cm 

below ground surface, some archival or banked data were sought for from 

geo-tedmical establishments that investigate the sub-soil horizon for 

engineering purposes. 

2. 2. 2 Archi val Infonna tion Sources : 

In addition to aerial photographs andvarious topographie and 

thematic maps; borehole records (from Anambra St~te Water Corporation,; 

Enugu) and sub-soil investigation records (from Materials and Research , 

Laboratory, Ministry of Works and Housing, Enµgu) were relevant archival 

materials simultaneously and complementarily used to probe the research 

problem. Such sub-soil data are very important to this work because 

the nature and behaviour of underlying materia.1s normally influence 

surficial geomorphic processes. Infonnation on urban physical planning 

and land use allocation policies were collected from the Town Planning 

Unit of the Enugu Local Govemment (Municipal Council), Anambra State 

Housing Development Corporation, and from both the Lands and Town Planning 
Works, lands and Transport, Enuqu• These biis of 

Divisions of the Ministry o:lt._ information wete jointly used to evaluate 

the cultural and natural attributes of the terrain. 

2.2.3 Cultural and Physiographic Inventory: 

The quantitative data from soil survey were complemented with 

qualitative cultural~ hydrographical, rhysiographical and of1ysiognornical. 

examination which culminated in descriptive plates (or photographs). 

Visual characterization and aesthetics in relation to the natural lands.

cape attrihutes were the focus. The current land use patten1s were examined 

ta.king note of the restrictive impact of hillv, rugged and dissected nature 

of the terrain on urban land use. 111e relationship between topography 
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and urban land use; and the reason why s9rne tracts of steep slopes 

have not been putto effective uses were(sought for in the field. 

Thus, the quantitative and qualitative field information were 

strengthened with banked data. All these data are very crucial to 

this work .in the sense that they x-ray the nature of Enugu 's terrain 

as it is. 

2. 3 1ne Area 's Terrain and Inhereul Constraints : 

Conceptually, the term 'terrain' has been defined in section 1.5.1. 

The land area to which Enugu c:m potentially extend is not too large. 

It only stretches for about 14km (east to west) and 15km (north to 

south). The releif of this relatively srnall area reveals a wide range 

of elevations. At the easternmost part, it is about 120m and at the 
. 

toprnost part of the Mil:IJ.ken hill to the west~ it is over 541m above mean 

sea level. The slopes of the area have been calculated and will be 
1 

presented in the next chapter. 
l 

.As one enters Enugu through the ne,~ Enugu .... Qni tsha express road, 

the first thing that will likely catch the attention and impression of 

a new corner is the grotesque and irregular morphology of the landscape. 

The building patterns at Iva Valley, the nature of the subterranean way, to 

Project Development Agency (PRODA) and the Fly-over towards the Relief 

Market, are only responses to the irregularity of the topography. Takitig 

a view of the University of Nigeria Te:iching Hospital (UNTH) from, say; 

the Central Polièe State (CPS) spectacularly reveals at the hackground, 

the indented and hreached hillslopes of the various land:forrn units that · 

make up the famous Milliken Hill range. The urban morphology or internal 
' structure of Enugu reveals a considerable degree of sinuosity of the roads 
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indicating the diversity of contours ,vithin the area. The hair-pin bends 

of the old Enugu-Onitsha road and also ;:ilong Agbani Road (near Ogbete 

.Market) ;:ire notoriou~ preca rious. 

Enugu' s topogra1)hical irregularities a1)pear to be sus ta .i.necl hy 

some natural landscape modifying processes. The overland and throu2:h flow 
,. ' 

processes arising from the area' s annmll copious ra:i.nfal1 are tntensifi.ed 
1 

by ;:i number of dissecting streams. The 'influence of these ri vers is ,vell 

expresse<l in terrain segmentation and in response to which residentia.l 

developrnents in Enugu have tended to take place in isolate<l nuclei, Not 

only are these nuclei constrained in terrns of space exp;msion hut also 

inter ... nuclei connnunication is hampered by accessibility bottlenecks while 

traversing the dissecting river valleys. Due to the nature of the terrain, 

Enugu is also e:xposed to some hydrolop.;ica 1 dangers. For instance, Enug_u 

used to be well-drained and seldorn flooded but nowadays, due to the 

increase in concrete and uninfiltrable surfaces, inundation incidences are 

no more stra:nge to the inhahitants of Trans Ekulu and Ahakpa Nike. 

There is no <louht th;-it so manv inherent constr:ünts bave emen;red 
' . V 

from the above analysis of Enugu' s terrain. A generalized re.Lief of 

Enugu shows sorne plains near Ernene, tmdulating and dissected landscapes 
' ' 

stretching from Awkunanaw to Trans Ekulu:, and the very steep Milliken hill 

bounding the t:Qwn to the west, The characteristic hydro~geomorphology 

of the area has left a legacy on the terrain of Enugu. There are rnany . 
erosion to form 

sandstone outliers breached bylt sh::1rp-ed3ed proj ecting spurs. All these 

topographical irregularities not only greatJ.y constrain the urhan usR ~f 

these terrains but also sustain the o:peration of several surficial 
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geomorphic terrain-modifying processes. Hence the geoJogical super

struct:ure an<l hydro;-geomorphologiecll surface modifiers have tended 

to intensify the adverse role of terrnin constraints in rel.a Lion to 

urban land management and use. ln the light of the terrain and inheren( 

constraints, there is an obvious need to explore the extent to which 

existing lru1d uses in Enugu have heen topographically constra:i.ned, and 

also to detennine the feasibility o:f land use maximization through the 

re-organization aml relocation of urhan activi ties. This necessi ta tes an 

examination of the existing land uses in the study area. 

2.4 Existing Land Use Patterns: 

Since Enugu is not only beset by a number of morphological irregu

larities but also dissec:ted by a myriacl of channelized overland flows, 

several urban activities have <leveloped in different terrain çompartments 

that derive frorn the irregular hydro-,.geomorphology of the town. These 

spatially and flIDctionally associatecl and differentiated land uses have · 

been observed to be o:ften constrained and even in rnost cases geneticall)' 
l 

dic:tated by the nature of Enugu' s dif:ficult terrain, The proven pr:inc:i.pJ.e 

of spatial integration of functionally associated activities and that of 

differentiation for repelJ ent tmassociateé! activities have beèn obseTved· 

to be operating in the organization of the various urban land uses. 

Because terrain constraints to urban land° uses form the focus of this woTk, 

we are now to explore the extent to which the various ]and uses have been 

constrained and dictated by the nature of the terrain. Whether through 

concerted land eva]uation and allocation, or throl.igh unpJanned use of 

urban spa.ce; certain recognizable land use patterns have em~rged. 

' 
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2.4.1 Transportational Land Uses: 

The exploitation and evacuation of coal from Ogbete and Iva Valley 

coa.1 mines had to expedi te action on the completion of the coast-bmmd 

railway line. Sinuosity in the routing of the railways (as could be 

seen in Figure 6) to the various mines folJowing relatively low gradients, 

not only attests to the restrictions posed by the topography but also . 

· shows a planned effort to grariple with, and an attempt to circumvent such 

constraints. 'Ihe problem of topographie irregularities compounded hy 

intense ]and dissection hy various rivers initially led to the development 

of isolated settlements until costly (and at times precarious) bridges 

were constructed to enhance accessibility to and hetween these nuclei. 

The sinuous and precarious old Enugu-fuitsha road with hair-.pin bends is 

a ftmction of serious topographical limitations to bath inter- and intra-

urban connnunication. Even the new Enugu-Onitsha express way did not fu1d 

it easy in traversing the Ekulu river and_the indented, ever-problematic 

hill-slopes of the Milliken hill. 

Due to prodigious morphological undulations, severaj costly cutt:i.ngs., 

embankments and bridges hacl to hë built fn the process of constructing the 

railways and roads; showing an obvious attempt at grappling with terraii1 

hurdles. 

Agbani road going northwards through Ogbete (Coal Camp) had to pass 

through a very sharp and dangerous .bend before descending through the 

incised Ogbete river-valley (a trJbutarv of Asata river) and then ascending 

and crossing the :railway line to Ogbete Coal Mine (Plate 2), A general 

observation from Figure 6 reveals a low degree of connectivity of the 

various nuclei, while it could be conversely observed that there is clearly 
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FIGURE G: A STREET GUlDE MAP .OF ENUGU JNDIGATING SOME MAJOl1 
LAND USES. 
(Source• Adapted from ENUGU STREET GUIDE MAP 1!25,000,Surveys Division, 
Ministr"y of Lands, Surveys and Urban Developmen't. Enugu), ,1 ., 
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PLATE 2 : Terrain Constraints to accessibility: 

Tr;affic flow is seriously constTained by topographical 

irregularities . Accessibility bottleneck acToss the 

Ogbete is compounded by sinuosity of Agbani Road and the 

threats from gullying near the Ogbete river valley, (1be 

plate is backing the Ogbete Market, while the Ogbete river 

flows through an incised course obstructed by the <ln.uns 

and roofs on the foreground). 
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a high intensity of road connections within each nucleus. Atternpts at 

enhancing both intra- and inter-nucleus accessibilities have been very 

demanding, cost-wise. A commendable feat by our route alignment 

engineers has been the successful connection of the sharp bend of Agbani 

Road near the Ogbete Coll iery Quart ers wi th Z i k' s Avenue, The new 1 ink 

traverses the steep Asata River Valley. The various nuclei are mairily 

for residential purposes, among others. 

2.4.2 Residential Land Uses: 

The need to harbour the original exploiters of the coal geologically 

embedded in the Lower Coal Measures was the genesis of the earliest resi

dential distrièt - Coal Camp. Considerable increase in in.,..migration : 

necessitated the founding of other residential areas such as Uwani, Ogui and 

and Asata. The taking up of administrative and educational ftmctions by 

Enugu led to the development of rnany governniental and institutional 

establishments and quarters. As a resul t ~ the Aria Gove111ment Reservation 

Area (GRA): New·Haven and Independence Layouts carne into prominence. 

Abakpa Nike and Trans Ekulu; ldaw River, A;chara~ Mary Land and Al\'kunanaw 

Layouts were only very recent residential deve-Jopments in response to 

relentless urban spatial and population expansion. 

The fa.et that the supply of residential houses fa11s short of the 

dernand for housing is confirmed by the development of sllUlls and squatter 

settlements in many parts of Enugu. An tmfortunately hlighted region 

covers Ona Lane, Umuchu Lane, Umueze Street and Mount Street, all in 

Awkunanaw, Enugu. Due to severe econornic tonditions and hi,gh cost of 

building materials, only very few residential buildings have been constn1cted 

in recent timeS', and Table 2 supports this assertion. 
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TABLEZ: Private Sector Resiclential Situation in Enugu; 

---·--··---··------N-----·--

Year Plans !Building Complet ion Certi-
~ flrntes 

Subnntted ApptoveëiiRej ecte~-~ -~u6ïiù tted ·- A0:ir<2~~~!+J~~j ~~: t~~! 
19851 357 327 1 30 30 30 1 0 : 

1 1 - .. ---~---
1 1 1 

19861 244 226 1 ]8 42 33 1 9 
1 1 1 
1 1 

1 
1 

19871 246 244 1 2 34 28 1 6 
1 1 1 

1 (still 1 (i.e. 18 (i.e. 
1 

1 

spille=-overs 1 together 1 /receiving 
1 l 1 

from 1986 1 with spill-1 1 !attention) 

plus 228) 1 
avers).. 1 

1 1 

Source: Town Planning Authority, Enugu Local Government Secretariat, 

Okpara Avenue. 

Taking cognizance of annual population growth rate of 5% giving 446,535 

for 1987 and from recent yearly nwnber of residential building plans 

submitted and approved, it can be sirnply concluded that the _rate of 

increase in housing (which is mostly negative) is far below the exponential 

population growth rate. This is a] so corroborated by fi,gures about 

buildings cer.tified completed. 

The inability of the private sector to meet the housing needs of 

Enugu's populace has been recognizecl by the .Anarnbra State Government. 

This is why the .Anambra State Housing Development Coporation (ASHDC) was 

statutorily set up by Edict No. 10 of 19~6. Accorcling to the Edict, the 

ASI-IDC was empowered to build residential houses and sell o:r rent to the 

public. 'I11e contribution of the ASHDC to the provision of housing in 
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Enugu is swmnarized in Tables 3 and 4. 

1'A.B1E 3: Abakpa Nike Housing Estate (47.76 hectares): 

No. of No. of Bed-roorn house types No. of 
Phases Dates Houses housing Lock-up 

Units 1 2 3 4 5 6 7 shops 

1 pre-1967 178 200 .; ./ 

2 1972-74 67 103 j / 

3 "1975-82 308 430 / v I I / 54 \ ----- -·------ -- -·- --- --- ---
Total 553 733 54 

-·· ·--L-------

lABlE: 4: Trans Ekulu Housing Esta te (295 .18 hectares): 

No. ot No. of: Beè1..:.ro6m hoüse tyEés 
Phases Dates Houses housing 

Units 1 2. 3 4 5 6 7 
------ -··- ---· ----· ---

1 1970-75 196 330 j 

2 1978-80 80 160 ./ 
1 

3 1980-82 201 201 .; 1 

4 1982-83 168 2S9 j j j 

5 1983- 159 159 / j j I 

6 1987- 403 595 / j I j 
-r-

l 

Total 1,207 1,704 

G:,rTaQe \., - & Boys', 
Qts. 

j 

./ 

/ 

/ 

No.of 
Lock
up 
shons -~--

48 

--/ 
--

_ _i? _ _I 

Source of Tables 3 and 4: Anambra State Housing Development Corp,, Enuzu 
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Since residential land uses in Enugu are seriously constrained by 

the topography, the siting of these estates was clictated hy the terrain. 

The hilly and dissectecl ctreas hac1 to be c1voided in favour of the gentle 

Abakpa Nike and Trans Ekulu a reas. "f11e rea son is qui te obvious because 

easily developable areas are àh1ays the targets so as to waive the 

extra high cost of grappling 1vi th constrainecl terrain, 

2. 4. 3 C:onunercial Land Uses: 

The Ogbete Main Market and its adjacent areas around Okpara 

Avenue form the Central Business District (CBD) of Enugu. A look at 

Figure· 6 shows that the si ting of the CBD was not nE:cessarily dictated 

by c.entrality, rather it was by factors of inertia. TI1e business heart 

had already been established before the unprecedented northw,nd, westward 

and southward expansion of the to1\fll. Once a defini tive functional zone 

such as the CBJ1 has been estahlished, and especially when it is completely 

bounded by other dissimilar land uses that a:re equally definitive; thcn 

with functional and population expansion of the ç.ity, the originally 

encased land use Cie. the CBn in this example l 1v:i:I 1 hc spatially con··· 

strained in terms of expansion and therefore w:i.LI tend to re111ai.n :mcl 

retain its original location. This is because functional re-e:1ocation, 

especially with definitive land uses, is usually very difficult and may 

introduce spatial disto·rtion in the organization of the general land 

use pattern. However, other smaller business centres such as the Relief 

and Kenyatta Markets have sprung up in order to alleviate the problern 

of time and cost of accessibility to the main over-stretched CBD. 

[. 

' ' ,, 
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2.4.4 Miscellaneous Land Uses: 

'Ihrough the passage of tjme, Enugu acquiœd and gradually starterl 

provi<ling rnany central place functions. This rote accentuated in-· 

migration together with the dèvelopmcnt or ntht'r nnc::UJ.arv l.:wd 1y:er, s11ch 

as governmental} health and educ-1tionaJ uses. Due to the topogn:iphic:il. 

llllfrienclliness of the western part of Enugu (i.e. the T\filJiken hill) and 

the adjoining steep slopes of several traversing rivers, these associated 

difficult terrain-strips had to be clevoted to agriculture and the planting 

of adorning trees for aesthetic purposes. 

Several recreational spots have sprung up. Prominent among them 

is the Nnamdi Aziküve Sports Stadi.um, neé'lr Ogui-Asata J.ayout! It not on]y 

otcupies the centre of Enugu in order to ease acC<:\ssihil ity, but its 

location also reveals a. topogra~Jhic;:i 'J r~1 ison cl I etre: i ts s lape approxima tes 

o0
• Other recreational centres are the ~1lurtala Muharnmed Park (Aria) ~ 

Ejindu Park (Coal Camp), Ngwo Park (Uwmii) ~ Polo Park (South of Ekulu lay0t;t)., 

Igwe Edward Nnaji Park (New Haven), Mkhael Okpala Square, (Jndependence 

Layout), including several hotels such as the PTes tdential 
1 

lkenp.a nnd other 

relaxation centres. En~Jirical investigation sho\\'S th,.1t the seemingly topogn1·· 

phical liabilities arnund the steel) slopes of botb the J11i1Iiken hill and 

the several river valleys coulcl he potential terrain resources for the 

enhancernent of aesthetics and landscaping in order to accomodate the 

increasing awareness and need foT le:i suTe and recreab on, 

2.S Relationship between Enugu's Topography and Land Uses: 

Frorn the terrain, constraints and J;:mcl use patterns cliscussed above, 

certain issues have becorne clear. An examtnation of the topogra12hy shows 

that serious constraints to 1 :rncl uses emergec1 from the nature of the terrain. 

l·, 
' 
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The existing land use patterns have clearly been dictated and 

limited by these constraints. To contend ,vith these constraints 

and maxirnize urban land uses, there · is a grea t necd :fm· ::i cletai1 ecl 

analysis of both the sub-surface and externaJ. dynamics of the 

terrain. The compartmentalized and isolated nature of the various 

land uses, especially residential~ is clearly a function o:f the 

constraints of terrain and topographical disnosition of the area~ 

lntra-urban corrnnunication to the various isolated areas was was even 

made more difficult by accessibility bottlenecks posed by the munerous 

rivers that dissect the terrain. 

The densities of residential areas are traceable to morphologie.al 

limitations. Sule (1982) views outw1rd and upward expansion as 

characteristic of urban growth. But due to topographie.al restrictions, 

Ogbete; Asata: Ogui and Uwani can no Jonger expand laterally. Urban 

structural clegradation and deteriorntion of culturaJ edi-fice and artifHcts 

have already set in and the need for sllm1 clearance and urlxm snace re-

. organization or renewal is beco1ning more expeclj ent. Because of space 

problems, Land-lords with the wherewithal have startecl phasing out the 

original bungaloid houses and are replacing thern with multi-,storeyed 

buildings. Others have also sought for alternative sites in Telatively 

more spacious and topographically less constrained areas such as Trans Ekulu 
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and Awkunanaw · new_.layouts. It can he adduced through empirical ohsenrations 

in this work that Enugu' s exta nt transporta tional, residential, 

connnercial, govenunental educational, heaJ th, aesthetic agricul tura] 

and other miscellaneous urban land uses have been dictatecl by the nature· 
; 

of the terrain together with the accompanying constraints. 

Right from the genesis of Enugu, rnost of the land uses have 

cornpeted among themselves for space. It cannot be argued that each of 

the land uses did not take up its best location in relation to :its function. 

The problem is that of expansion. 'I11e terrain is not only hilly but 

dissected by so many ri vers_. hence serious~constraining land use expansion 

as the urban centre grows functionally and population.,.i.,.'ise. Hecause of 

·the factors of inertia, no land use coula give way to the other in the 

process of space competi tion. This i s 1vhy the Ogbete and Coal Camp 

(Tinker) areas are highly congested. Relocation of some land uses there

fore becomes'. e:xpedient. Originally, the land uses 1vere not wrongly sited, 

but urban expansion involves sorne e1ernents of spatial re·-crrgm1ization 

so as to facîJ itate and accommoda te 'functional growth as wel.1 as spatial 

convenience, 

Therefore, the massive form of (fata so far gatherecl through aerfol 

photo-interpretation, topographical maps, arch:i.val data sources, cultural 

and physiographic inventorization, and above all, frorn a cletailecl sub

soil sunrey need to be analysed and interpireted in order to strengthen 

inferential statements that will be made in relation to the issue heing 

investigated. The analyses will utilize statistical tools ~ g-raph theory 

and logic to arrive at a rational and scientific explanation of the 

ini tü11ly enigrm1tic problern of study. 
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CHAPTER 3 

LANDSCAPE APPRAISAL R)R LAND USE MAXlMIZATlON: 

When lanrl use maximization is the tnreet, there can be no suh{.;titute 

for detailed analyses of information on both the :int:ernal and cxten1al 

dynamics of terrain physiognomy. 

3.1 Pedo-geomorphological Analysis: 

Scholz (1972) concedes to the prirne importance of :field observa

tion in geomorphology but sti11 argues that this must, of neœssity, 

be supplemented with laboratory work dealing with sedimentary retrography 

(involving micro-morphometric and granuldmetric analyses) as well as 

geo-chemical analysis of the li thology. 

3 .1.1 Granulometric .Analys is: 

The soil samples were subjected to mechanical analysis to determine 

particulate composition. They were first oven-dried and weighèd, dis, 

aggregated by soaking in water, then wet-sie.ved through 53 J.l sieve to 

elirninate the silt/clay content. '111.e rem\lant was then oven-clri.ecl, weighcd 

and dry-sie.ved through a 2mm-aperture sieve to eliminate sand, and the 

particle-quenti ty tmable to pass through the aperture (i, e. stones) was 

weighed. Final ly, through rarefied arithmetic, the weighh of silt/ clay, 

sand and stones were calculated. The vari.ous weighü; were converted into 

percentages and shown in Table 5, while the samp.le-nurnhers hear the 

locational attributes shown in Figure~ 5. Contingent upon the nature of 
1 

t.he data. .involved, the various weights were subjected to pre.cise statistic:=il 

analyses to derive the respective rneans (x), standard deviations (s) and 

co-efficients of variation (V). Spatia lly, these indices were integrated 
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TABLE 5: The Laboratory_results of granulometric and geo-chemical analyses of 
c..;.c,~-,,~,':'~·, :.,.:·:~_emp'ir'i:cal---sub~-s-oi-1.,,-,~nvestiga:tion j.n. Enugu. The samoles can be _iq.entified 

L'~~:;_-__~!.L:).'.bhrough;é:,i:tchëS-:.~,sèr~ia~I::·nûmoers'''Tëjcatioriailv; sh.own,··in-,--:F-~gure ,·7:.:T~~:~:~d-<f·'.:·~·,:.t-~~~:~f; ·:.•·.,, 
------:e------,:,---::---,-----------'.....,,.---------·-------.----------,-,,---e----~-

On th$ Su,=r-=f=a;;;.c. e""----.---··---1----;1:...;0;...;;c=m,__;;:.d=e er-1n=-------."'---+------,.----,,1=2::..;a0,..;:;c=m ...... d=e;:;.;e::...n._ __ --' 

Na. 

. % of % of 
Silt/ Sand 

% of 
Stones 

% of % of % of % of 
Silt/ Sand Stones Silt/ 
clay clay 

% of 
Sand 

clay 
<53!.l a53µ a2mm <53µ a53µ a2mm <53µ a53µ 

% of 
Stones 

2:2mm 
<2mm nH <2mm pH <2mm nH 

1-,--2-1-.-04,-t--3'""""2=0 6,;-,8,+-.,-46-:-.-2-=s,---t--6~.-..C;-:-8-+---:-1-:5-. 4:-:3:-T""----9;.;.o=9'-7-6 +--7--:-4-. -:,--61·-+---,6 .... =-0-0-1---1-7-. 8:--:-4-+-·-9=.=,;.6;;'--2-+--7-2~· 6-5JJ.,...., -l------..1.".5 0 2 5-
2 21.82 20e36 57082 4.75 13070 51.27 35.03 5.25 37~68 20.07 42025 5o25 
3 57.69 23.08 19.23 5o25 72.44 22084 4o72 6.oo 23.56 '6077 69067 5o25 
4 54.35 34006 11.59 5.25 65.17 30$85 3.98 6000 77.32 19.49 3.19 6000 
5 68.90 26032 4.78 .. 6.oo 57014 39029 3s57 6000 79005 17091 i J.,Qlj, 5o25 
6 4o75 89015 6010 7o50 12.77 71065 15058 7oJ0 81.41 14.05 ·l 4o54 5o2_5 

1 

7 31025 590371 9oJ8 6.oo 60.40 22082 16.78 6.oo 1 80.95 11~91 7~14 5.25 
8 J7o60 52.40 10.00 6075 40.59 42.08 17oJ3 6.75 59018 2102§ l 19054 5o25 
-9 59.20 35.59 5.21 5o63 49.20 45.45 5o3S 5.63 55.74 35 .. 6c 1 8.60 5o25 

10 79021 )oJ7 17.42 50251 58.50 22045 19.05 5.25 74o2J 9o28 j 16049 Jo25 1 

11 
1 

64.02 15.90 20.08 6.oo 77.12 10017 12.71 6.oo 62079 20.93 \ 16.,28 6000 1 
12 46093 11084 41.2J 5o25 57074 11.70 J0.56 5o2) 81030 14.33 4e47 4~75 ! 
13 18050 76080 4o70 5o25 22059 74.45 2.96 5o25 5o48 94.52 ·1 ÜoÛÜ 506) :!I' 

14 J9oi) )2e72 8015 5o25 43.98 44058 11044 6000 47.80 45046 6074 6000 
15 24058 63.75 11.67 6.75 4108} 22055 35.62 6.38 37.26 62074 Il OQOO 5o25 
16 19084 29056 50.60 6.J8 10oJ9 2J.08 6605} 5.25 59031 18e28. 22.41 5625 Il 

17 54.45 39.44 · 6011 6.38 52066 36.70 10.64 4.50 79.47 14045 1 6008 6 .. oo 
1 18'.. 20.71 68·.1·8 11.,11 5.25 23.81 63.95' 12024 5.25 49.06 41.51 1 9a43 L}~5û 1 

19 39.69 6.0.311 o.oo 7o50 39.34 57038 3.28 6000 34.71 56041 1 8.,88 6.oo 1 
20 59.24 29.35 11041 6:~·00 J~o;; ?3o33 38.15 5.25 82e14 12.86 l 5"00 6.oo 
21 8c72 77095 1J.,J3 6.38 4.84 91.61 3.55 6.00 49043 41061 1 8&96 5o25 
22 27096 69.09 2o95 5o25 45.08 49.24 5068 5o25 51061 44.36 1 4o01 6~00 
23 46.43 38.2L 15oJ6 5.25 28013 46c56 25.31 6.J8 67.86 12G66 1904§ 5,25 
24 18055 78.2~ 3.17 7.50 36.95 57 .. 83 5.22 6.75 55.97 40.71 1 3,,32 6.00 
25 19037 15.21 65.,42 5o6J 11045 16.52 7200) 5,25 J4o91 25.44 Il 39.,65 4-e50 
26 27.89 70c51 1e60 6.75 25014 62.29 12057 ?o5~ JJ.85 60e31 5e84 6075 
27 26.93 25,07 48.00 6038 27000 16.75 56025 5.63 JJ.42 22c61 1 4Jo97 6000 
28 37.47 26.17 36936 6.oo 53,40 27.96 18c64 6.oo 34.,46 2Jo41 j l}.2o13 5o25 
29 19.64 21 o7J 58.,63 7o50 20075 30005, 49.20 6075 43070. 14075 l J+L,55 )o2) 
JQ 8oJ3 7Jo61 18.06 7.50 7.41 74e07 18052 6.75 21088 20 .. 47 l 5706) 6<'00 
~ 1-~--4--'-41~. 7....t9'-'-=2~ '3. S~8'--'-..:..14~o 6;c.,,3'--.__,.,c;=• 2;;;..c;'--_.;..4q~· c:""""o____.._1.._'5..._..=-1'""''>~1=-~S.=-=1'--''5~-..:..:'5•~2~S~-'3~8~.~";..:....i.9__,2=--=2=->~5.2l=-1·""""8.,...,_ 8=2=---,___,.....:i;;:..::.@ 2~i:,,,L_ 

:· 

1 

1 

' i 
.. J 

"'"'. .. ~~· ~~,t .. _.··-;;.-·-
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Note: For each of the attributesi 

-x = the sample mean, 

s = the standard deviation, 

V= the cc-efficient of variation. 

The attributes at different depths include silt/clay, 

·. sand and stone contents as micro-morphometrically defined; 

as well as the acidity (ioe. pH) of the soil which is a 

geo-chemical property. (Source: Author's field-work -

July, August and September 1987)0 

\ 
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for the whole of Enugu while the sarnples· were only being differentiated 

in tenns of depth of collection and the major attributes of interest 

which are particle-size, and acidity. The differentiation of the samples 

according to depths of collection was netessary. Tiüs depth-wise 

differentiation makes .it possible to explore the influence of infiltra

tion and other catenary processes on the arrangement of soil particles 

along the profile. 

:Por illustrative purposes, Figure 7 was produced to enhance an 

intepretation of the clata-array in Table 5. Froril Figure 7, the hitherto, 
~ 

concealed trends .or variations in particle.,,size composition in relation 

to the depth of sarnples becovie clearly appreciable or palpable. Henc:e, 

based on visual attributes of the bar graphs, some general inferential 

statements can be made. The percentages of both the sand and stones · 

tend to be decreasing from the top..,.soil horizon downwards, while the 

percentage, of sii't/clay fraction tends to oe reasonably increasirig down

wards. These trends h.we been cartographtcally made more vivid in 

Figure 8, The greatest value of granulomietric analysis is its ability 

to reveal the degree and nature of the concentration of c'liffcrent particle

sizes along the soil profile. Our mœ.tto-morphometric investigation 

(Table 5) has thus, been graphically made more vivid in Figures 7 and 8 . 

. Using the principles of fundamental (or theoretical) geornorphology 

to accotmt for the observed general trends in diff erential concentration 

of particle.,..sizes in relation to the depth of samples, the concept of 

deep chemica] weathering in a humid tropical .environment offers a plausible 

explanation. Figure 2 shows the ba'sic geological structure of Enugu. 

CODESRIA
-LI

BRARY



% 
50 

40 

30 

20 

55. 

KEY ·· · · 

[] <53),l-Silt/cloy. 

g >53_A<2mm -Sand• 

~ >2mm -- Stones• 

... 

... 

1 
; 

L-~~-1:.....:..-.-:.L_~~:'.:....Ll-~~~-':...::._:__,,.J_~lL._~~~~...!...:.~.c=~-'-...a...~. ! 
0 1 Oc.m dee 120cm deep ' 
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The climate of the area, 

51. 

wi th high hwnidi ty and uninternrpted, 

high temperature regime leaves legacv of a thick veneer of regolith, 

The characteristic hydrography of the i\1elJ-clrained study ;n·e,,1 has 

significantly <lug into the terrain hence intenselv dissecting the ~irea. 

The 1, 5(X) mrn-annua1 precipitéltion exper:i.encecl in the area n0t 

onlv aids deep c:hemical we;:itherin_g hut 11lso combine;,s h'ith vari.ous sub.; 

surface hydrological and caternrry processes to perpetuate clowrnvard 

leaching of the slit/clay component, This -is why the f~eneral trend 

reveals a progressive increase in the percentage of siH/clay content· 

downwards. Since our enquir>7 is for application to envh·orn11ental 

management; we are not interestecl in the so:il profile particle~size 

trends just for the sake of knowing the~1. It is actua11y the behaviours 

' 
of micro-morphornetrically defined soil Ùnits under certain hydro-s 

geo.morphological circurnstances that interest the appUed geomorpho1ogist. 

In consonance with an objective of this study (i.e. to cfrcuinvent t('n·;d_n 

hazards) , the en~JiricalJ y es tab1 ished i ncrease in silt/ c1 ny content clown 

the soil profile is of g-reat importance to this work and 111ill there:fote 

bA further explored in the ncxt dwpter. 

As already noted, grnnulomètric analysis gives :infonnabon on the 

physical properties of the soil profile especially in the areas of 

particle-,.size analysis or what is technica1Jy kno1\111 as m1 cro-morphometry. 

Such information is of great relevance to speciaJ.-purposP t"ngineerin~~ 

constructions; but inadequate, in the a re::1 of lanclscape architecture and 

particulaTly where physiographic aesthetics needs to be ènhanced, To 

rightlv appreciate and appraise landscape-morpho1ogy as a potential 
j 

resource in the enhancement of city-scape aesthetics and recreational 
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land uses, the nhysical and geo-ehemical attributes of the lithology 

need to be cross-matched. 

3.1.2 Geo-chemical Analysis: 

The Milliken Hill represents .1n :-1Jmost insunnountable const-raint: 

' to urban land use. But our field investigations revea] that rnost of 

these areas unsuitable for hui1t-up uses have great potentfaJs for 

deveJopment in the area of recreation and tourisrn. Along the urhan 

fringes, geo-chemical properties of the soil can he used to ascertain 

the potentials of the land to support di fferc-mt types o [ plant species. 

"The best single index of potentü1l soil 

fertnity is i ts capacity to exchange cations. 

Exchangeable cations can be artifically change<l 

to improve soils for crop production and for 

engineering purposes" (PHty, 1978, p. 154), 

Cation Exchange Capacity (CEC) has a positive correlation with organic 

mat.ter content. The intense action of oercolatirnr ivater removes soluble 4 •.. 

bases from the soil profile <md results in depleted nutrient and :increasing 

toxicity. Since soil <1cidity is c:Joselv related and t:raceahle to t.oxicity 

and nutrient depletion, aci dity was therefore use<l as a oarnmeter to 

give an indication of the CEC, frorn ,11hich the soil 's capacity to sur12ort 

plant growth can be inferred. 

So because of the centralitv of the r1cidit}' index to the clete11nii1a

tion of CEC, the pH was estimated 11sing Sudbury Sail Test Kit, 11,e 

resul tant pH values have been presentecl in Table 5, To hi~hlight the 

pattern of pH distribution, the rneRns (x), standard deviations ( s) and 

co-efficients of variation (V) were calculated for each set of 41 smnples 
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basedLdepths. However, it is interesting to note that the co-efficients 

of variation (V) are relatively low ranging from 13. 25 on the surface, 
, J 

11.19 at 10 cm deep to 8. 74 at 120cm cleep. The Iower the value of V, 

the less the variation and therefore the more homogeneous the samp1es. 

At 120cm deep 1 V= 8.74, and by interpretation this meélns that the 

variation is as little as 8. 74%. The ohservation that the mean . pH 

values for Enugu are slightly aci.clic is not surprising 1vhen viewed aga,inst 

the inexorable leaching effect of the 1, S(X)nnn .... annual rainfall. A 
l 

general impression created by our investigdtior1 : and shown. in Table i 

is that acidity decreases upwards t o the surface, This can be 

attributed to the effect of organic matter which can be positively 

correlated with CEC. Uninterruptedly high temperatures and .copious 

rainfall in a region replete with rrruch vegetal cover~ sustain continued 

addition of organic acids from decaying' veRetation to the soil, Hut ' 

due to excessive rainfall and associated catenary proccsses, inherent 

leaching displac::es much of the organic acicls from the top horizon to 

deeper horizons rlown the soil prof ile. 

Geomo:rphic factors act on the terrain. llsing 1:ithologicaJ dnt<i 

central to geomorphic :factors, we have statistically and graphicallv 

attempted to establish that an understanding of these foctors will help 

us appreciate terrain constraints and how to grapple with such constraints 

while planning the urban land usés. Having dwelt so much on soil 

' mechanics and geo-chemical properties, it is necessary to note that the 

hand auger used by the researcher made . it possible to probe only the 

upper layer of the soil to the dèpth of 1. 2m. Implici t in this is 

the need to cornplement the infonnation gathered from this shalow reti:ion 

1, 
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with some more detailed} indepth suh-soil investigation if the 

results are to be authent.ic for speciaJ - purpose geomorpholo_gical 

interpretation and application. 

It is believed that having bounù:-rrics betNeen disciplines is 

to make for administrative convenience and thercfore the houndaTies 

are not meant to barricade the disciplines. This js 1dw CookE~ nnd 

Doornkamp (1974) assert that envirornnental geomorphology transcends 

traditfonal subject boundaries. With philosophical and methoclological 

openness, therefore, deeper suh-soil, geoloQ;ical and engineering 

details were soui?;ht for, hoth from governrnent agencies élTicl private geo.:.. 

technical consultancy firrns. 

3.1.3 Engineering-Geological Data Analysis: 

In a discourse on the conceptual development of geon1orphology, 

Dury (1983) recounts that our field of study used to be stTongly Httachecl 

to geology (about 1925-1940'). A prominent Davis:i.an gcologist (_and lat~r, 

a geographer), W"ooldr:idge (1956) views geomorphology as a border-:1:ine study 

between geography and geology. Dury (198.'iJ also ohserved that the 

weakening of the geomorphology / geology interface and fhe fonner 1··s la ter 

' 
strong attachment to and bei ng housed hy .1.1,eqgraphy were a 11 by default 

and had a retarding repercussion on the ;co11ceptual development of 

geomorphology. Brown (1979) ascrihes geomorphology's dissociation from 

geology and association wi th geography to a mistaken bel ief in the fi rst 

half of the present century that geomorphological enquiry had no economic 

value. But Dixey (1962) asserts that th~ new trend i11 the discipline is 

the vractical applicàtion of fundamental, pure or theoretical kïlowledge. 
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He went on to argue that 

' "A k:nowle<lge of geomorphology is required 

in many civil engineering projects, especüilly 

in connection with underground 1vater, 

foundations, transport routes, hydro1ogy 

regimes and so on" (Dixev, 1962, p. 5). 

61. 

Herc applied geomorphological mapping is comp1emented wi.th geological 

mapping and it has been claimed tha.t the lr1.tter 

"forms the basis for prospecting, exploration 

and application in fields such as hydrogeology, 

engineering geology and land use planning" 

(Gabert, 1982, p. 21). 

In the process of planning an urban space transportation, given the 

capabilities and limitations of the terrai.n, the civil engineer cornes 

into contact wi th practica.1 geomorphology. This is so hecause he si.ould 

tmderstand surficial processes acting on geomorphological ·features and 

t.he natural trend of landscape evolution in order to evaluate the possible 

environmental impacts of the envisaged project. The irnplicit p:reca.ution 

is in consonance with Newton ''s Second Law of Motion which asserts that 

everv action has an equa.1 and opposite reaction. 

With the above conceptual hackground': empirical engineering-geologica.1 

data can now be examined for practic[ll purposes in relation to Enugu's 

topography. The c:haracter:i.stic humid tropical climate of th1,~ area has 

left a superstrncture of thick mantle of regoJ.i.th. Tt is on thi:: veneffr 

that various pedo-geneticaJ and denudational processes operate. The 

I· ,·. 
1. 
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hydrological and hydrographical aftermaths of this relentless denuda

tion (bath natural and acce]eratecl) have left a :Jegacy of intensely 

dissected terrain as could besseen in Figure 2. Hydro--geo.logical 

information is very relevant for underground water resource exploita-

tian. In 1981/82 ~ it ivas crucial to geo-hydnmlic survey and borehole 

activation forecast done for Anambra State Water Corporation (ANWC) at· 

Nine-Mile Corner near Enugu. 

Terrain segmentation is a fonction of terrain dissection and 

it is on these broken micro-erosion surfaces that engineering construction!'' 

invariably proceed. Apart from the obvious problem of building on land 

' beset wi th topographjcal limitations, there a-re serious water rnanageme11t 

problems. On the average, the bnilt-up areas are 213m NhiJe the pcnk . 

of the Mill iken hill J ies over 541m ahove mean sea Jevel (as will later 

be seen in Figure 10), Topographical and hydro-geological irregularities 

are simul taneous. Most of the ri.vers in Enugu are not only incised 

(since they are in their upper courses), but are often polluted by 

urban sewage hence the streams cannot satisfy the urban population and 

industries in bath the quant:i.ty and q1wli.ty of potah]e 1vater. Tlw 

problem is even complic:atecl by the fact that accessibilitv to the water 

table is constrained hy e1evation. Rich and easily accessible aqui.fers 

harl to be sought for in areas of rélat.ively low elevation. 

There is a close relationship hetween high elevation and the 

location of water storage and distribution tanks. Even thou.1,,:ih the high \ 

hills impede access to the aquifers, yet the water storage and distribu-, 

t.ion tanks are better si ted on the se high grounds, hence nmking use of 

the natural pressure to pt:m1p the water to the often low-J.ying water-need 

CODESRIA
-LI

BRARY



63. 

areas (as illustrated in Plate 1). 

In 1975, a sub-soil investigation for a proposed reservoir 

was carried. out by the Materials and Hesearch Lahorntory of Ministrv 

of Works and Housing, Enugu, at the llniversi ty of Nip.eria, F:nugu Crunrus 

(UNEC). 111e soil profile encountered revealed latexj zed silty clay 

(O. 76m - 1. 52m) of medirnn plastic:i.tv, fa:iTiy, consolidated silty clay 

(especially between 2. 29m and 5. 33m) and consolidatecl hard .siJty shale.s 

(at a depth of 8 .38m). 

In addition to a geohvdrologica1 basi.s for water resource manage

ment; other fluids that require natura1 pressure pumping to distdbutef 

are clos el y tied to landscane mon,hology and sub-surface dynamics. A 

classic example in this category is the suh-soil investigation carried 

out in 1975 for the siting of the JO ,CX)Orn3 
- Federal Fuel Dump r Akwuke 

Awkunanaw, Enugu. The details of the jnvestfoation are sLmnnarized in 

Table 6. 

IA.BLE 6: Sub-Soil prof ile record for Federal Fuel Dump ~ Akwuke, 

Awkunanaw; 

DEP 11-lBELOW 
THE SURFACE 

SAMPLE No·:-- - PENETRJ\'J'JON BU1WST - PROFILE DESCnJYffON 

Ai\lD TYPE Fq~~_Q0,48cmL_ ------~---·--·-··--·· 
0.76 rn 

1. 52 .. m 

2.28 rn 

3.05 m 

S PT 

U.4 

S PT 

U.4 

3.80 m S P T 

4. 50 m U.4 

5.25 m S P T 

6.10 m U.4 

8 

16 

20 

43 

lateriti.c clay 

J'v!ottlerl Clay wi th Iron ' 

indurations 

" 
Stiff rt1ott·Jccl c léN t.d th 

iron indunitions 

" " 
Dark grev shale 

Very ha.rd dark 

grey shale 

" " 7.00 m S PT ---·------~------------ ..___ _________ . ___ --- . 
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Note: U.4 = Undisturbed samples 100mm diameter X 900 mm long. 

SPT = Standard Penetration Test i.e. the nurnber of hlows 

per :foot c:so. 4Scm) 

(Source: MateriaJs and Rese~rrch l,abm:8tory ~,Jini'.-;trv of lVurks and 

11 . 1-- ·_! c,.-_)7 ._c _) • ous1ng "'.nupu, "- _ 

TI1err2 , are several other engineering proj ects constra:inecl hy bath. 

li thology and topography. Such proj ects requ:ire cletailed and indepth 

sub-surface terrain investigation in order to forestall slope failure 

and structural instability. A founclation probe was ca1Tied out in 1967 

with Cane Penetrometer and PilconMachine (for borehole) to examine the 

lithology and certify its suitability hefore the siting of Eastern 

Nigeria Broadcasting Corporation (RNHC) at Nine Mile Corner. The terr:Ji.n 

was found quite suit.able and the genera1 soil profile-successions revealed 

by the tests are shown in Table 7. 

TABLE 7: General So:U Profile Successions at 9-Mi le Corner near 

Enugu. 

Depth below the Surface 
---------------· 

0 - 2 ft (60. 96 cm) 

2 f t ( 60. 96cm) - 20ft ( 609. 60cm) 

20ft (609. 60cm) - 40ft(l, 219. 20cm) 

Profile Desc:ription 
-----·--------·-··---

Top cn1st o:f Compact sand 

Loose reddish sil ty simd 

Compact silty sànd 

Source: Materials and Research Laboratory, Ministnr of 

Works and Housing Enugu. 

In 1976, mechanical analysis, Atterberg and unconfined compression 

tests were carried out in order to recommend the bearing capacity of thç> 
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soil for the design of suitable foundation for the proposed four

sto:re.yed 150-rnedical ward. at the University of Nigeria Teaching 

Hospital (UNTI-fl, Enugu. The usefulness of the precautionary test is 

illustrated in Plate 3. The soi] 11rofile in the area was found to 

comprise ferruginous sandy clay superimposed on deposits of lat:erizecl 

shales underlain bv the Lower Coal l'vleasures of the Cretaceons System. 

The undulating Jandscape of Enugu (together h'i.th the suverstructure) 

' 
1s in a delicate balance. Both geomorphologirnJ and pedologicé:ll processes 

are very sensitive to human interference. In order to minimize the 

repercussions of urban-space transforn1éltion on a large scale and at 

proj ect level, sub-soil profiles were deeply investigatt~d at Independence 

Layout in 1976 as a guide or incentive to ,vise civil engineering 

decisions. The observed morphogenic and mechan.ical properties.of the 

profiles investigated are srnnma rized in Fi,gtrre 9. 

The principles of soil mechanics and geo-chernistn, in reléltion to 

various civil engineering and landsec1ping activ.i.ties already discussecl, 

can on1y be operational on a given landform morphometry. 

3. 2 Morphometric Amrlysis: 

Mathematical ana1ysis of sJwpe is centra] to the classical definit.ion 

of rnrophometry gi ven by Clarke (1966) and discussed in section l. S, 3. 1 . 

Since there are several attrihutes of hmdforrns or landsc.apes amendable 

to mathematical manipulation, Gardiner (1976) ernphasized <lrai.nage basin 

morphometry, thus bringing to the lime light the influence of river..,. 

dissection on the potential use of the land. But from a rnuch more 

geomorphological point of view, it has heen argued that c1 morpho-conserva-
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PLATE 3: The morphology of the University of Nigeria 

Teaching Hospital, Enugu. Grappling with the 

problem of topographical and lithological 

dynamics necessitates striking a balance 

between terrain - morphology, sub-soil bearing 

capacity and the nature of civil engineering 

projects: the example of a four-stbreyed, 

150-medical ward at UNTI-1. 

6G. 
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FIGURE 9 : SOIL PROFILE DESCRIPTION AND 
STANDARD PErNETRATION TEST AT 
lNDEPENDENCf; LAYOUT., ENUGU BY 
AGBIM & PARTNERS 1976. (SOURCE: MATERIAl.5 
AND RESEARCH LABORAîORY, MJNJS Hff OF WOR KS R 
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tian map produced on an oro-hydrographical base is of much practical 

relevance in land management~ conservation and use. Verstappen (1970); 

an exponent of the concept, pr:i.11ciple ~mcl practi.ce of geomorphological 

mapping has demonstrated the wide horizon of pronô se hcld hy 1no1·pho-cn1'l

servation rnapping. 111e res11ltant mRp pJ;-1ces much euq)hasis on sJope , 

steepness, to ,vhich is added some jnfonnation on vegetation and active 

landscape-modifying processes. The content of such a map gives a 

picture of the natural rate of lanclscape evolution and given the 

lithological and surficial processes, the tendency of the land to Lmdei·go 

a violent transfonnation due ta anthropogenic interference is also 

highhghted. 

For example, a delicate lands cape equilihritun is ach:ieved through 

a balance between geomorphologica], pedological and biotic factors, 
s 

As was originally advanced Ï.lJ Figure l, the terrain nets as a functionally' 

interconnected system. Any alteration, displacement or distortion of a 

basic element, (or even of a suh-system) in the system will certainly be 

environmentally manifested. 11üs is explanable using the canons of 

Newton's second law of motion already reforred to. While using a practica] 

case to explain the repercussion of any disruption in a system, Coates 

(1981) has argued that in urban management:: the feed back effect of an 

ad hoc solution to a problem, however small, or a thoughtless, spatiaJJ.y 

e:x'J)ressible action, can generate, at another location, a new problem 

which may even be more ins idious than the oTiginal one. ·111erc :j~; a 

tendency for the feedback to keep intensifying .following LeChatellier' s 

Princip le of a system' s self adj usting m~chanism:, until fina11y the system 

attains a steady state. Due to lack of environmental impact assessment, 
j 

il 
/ 

l.i 

) . 
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urban expansion leading to undue cler1rance of vegetation :üong 

urban fringes can resul t in violent erosion by runnin11 111ater. Also 

when the influences of 1itho1ogical and hydrologica] processcs :n·e 

taken for granted, violent guJ ly ing c::rn be cause.cl in sorne areas while 

in others: serious irnmdation cou.Id result, From the forego.i.ng, it 

is obvious that the knowledge of lm1dscape morphometry is very 

relevant if Jandscape equilibrium is to 'be maintained in the process 

of urban land use. 

The product of a morohometric analysis of Enugu using two adjoining 

topographical sheets (NIGERIA 1: 50,CXX) UDI N.E SHEET 30J N.E. and 

NIGERIA 1:50,(X)O NKALAGU N.W Sl·illET 302 N,W) is shown in Figure 10. The 

rnap area (i.e. 132 km2 on the grow1d) was first griddecf (2cm2
) 1 slopes 

calculated trigonometrically and a choropleth map drawn using slope values 

(as shown in Table 8). The information on slope steepness was comple

mented with that on vegetation, drainage and slope-modifying processes, 

all of which were superimposed on an oro-hydrogrnphjcal hase of ,1 srnaller 

scale as shown in the result:mt map (Pigu're 10). These processes that 

alter the landfonn -:ould he natural, but are main1y anthropic in the 

urban space. For example, h,wing more huil t-·up areas reduces infiltra

tion, hence increasing n.moff: - an inverse relationship between urh,m 

expansion and infiltration of rainfall. Along the steep slopes of the 

incised rivers or even along the urban fringes, overland flow and 

through-flow mechanisms could intensify slope failure. Also in 

relatively flat areas the increased concentrated or even unconcentrated 

runoff may resul t in serious flooding. 
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KEY 
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FIGURE 10 A MORPHO- CONSERVATION MAP OF ENUGU 
{Major source-NJGERIAP 1:50,000 UDI N·E· & N KALAGU N·W·). 
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Following the tenets of the recently developed, but fast advancing 

practice of geomorphological mapping, (Kliniaszewski, 19S6, 1965; Tricart, 

1965; Verstap11en, 1970, Cool<t!and Doornkamp, 1974) a morpho-consenratio~ 
1 

map is a special-purpose J11ap ma:inlv empha.sizing rnorphomctrv together with 

the conditions and surficial nrocesses influencinQ Jenucl.:ition, 
.!. '·· 

This i.s 

why Figure 10 clearly depicts slope classes, elevation, vegetation and 

areas with terrain hazards such as erosion and flooding. A morpho

conservation map can be clirectly appliecl to land use planning. 'This 

application can fonn the basis .for land' evaluation yielding a land 

capabili ty rnap. 

3,3 Land Capability Classes fo Enugu: 

The concept of land c:apahility mapping has already been discnssed 

in section 1. 5. 3. 4. L The geolo gy, lit hology m1d geornorpholo gy of the, 

study area have been clearly e1ucidated. For terrain constraints to he 

effectively irappled with, the land must be properly evaluatecl, This is 

why we had to complemental the infonnation contai.ned in the morpho

conservation map of Figure 10 with on-the-site field inventorizon. · 

Information on relief and hyclrog-raphy èontainecJ in the topographicnJ 

map of the area was up-dated and buttressed by a qualitative field 

assessment of the static landscape. This attempt_gave Tise to a land 

capabili ty rnap shown in Figure .11, It has been earlieT on noted (in 

section 1.5.1) that terrain evaluation i.s a rational process of expressing 

the value of terrain configuration as a spatially distributed resource. 

Being cognizant of several terrain-evaluation methocls, we have chosen 

land capability mapping because with this method, the Tesul tant map not 

only reveals the pot:ential.s of the land but r1Jso the limitations or 
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constrall1ts that militate against land lise. The potentialities of 

the land in Enugu have been ·hrnadly generalized into four land capability. 

classes I - IV showing increasing degrees of limitations to urhan 
1 

land use, as could be seen in Figure 11: 

3.3.J Capability Class I: 

1bis area with an average elevation of less than 130m mainly lies 
relot ively f lat 

at the north-eastern corner of Enugu. It is mostly 1riade up otpfarns 

and ro11Îhg topography. The Enugu Airport and the Ernene Inustrial 

Layout are located in this region. Fair: accessibility to and from other 

areas through roads and railway; and the presence of an airport, havé;_ 

really enhanced this area's economic potentialities. Several industries 

inc] uding the Anambra Motor Manu.facturing Company (.ANAMCO) , developjng 

with residential, commercial, educationa~ and other rélated land uses 
! 

are characteristic of the area. All tnese cannot be divorced from the 

relatively flat landscape. 

3.3.2 Capability Class II: 

The central parts of Enugu àre classed as ha.ving more limitations 

to urban land use than the north-eastern _part. This central section has: 
1 

been generalized as lyin.g within the second capability class. The area -~ 

lies between 180m and 220m and is at the base of the Enugu Escarpment. 

1be area embraces almost all the built-up areas of the town. Greater · 

intensity of,and dissection by rivers, the sinuosity of bath roads and 

railways connote greater terrain constrai~ts to land use in this region. : 
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3.3.3 Capability Class III: 

As could be seen on the map (Figure 11), the short stP-ep slopes 

of the many dissecting rivers fa11 within this category. These steep 

valley-side slopes have not only constrained rnany urb:m lancl uses but 

have seriously affected transportHtion. Intra-urban nud.e:i conm~ct:i.ons 

had to traverse these incised valleys at great costs, with resultant 

transportation bottlenecks at the crossings. 

3.3.4 Capability Class IV: 

The whole of the Milliken hill bounding Enugu to the west falls 

within this category. Most of the water sheds for the numerous east1vard 

flowing rivers lie in this area. The steep slopes of the hills (as 

confinned by Figure 10) constitute the greatest restriction to westward 

urban expansion of Enugu. Accessibility to the town had to, of necessity, 

go through this unfriendly topography, The new Enugu - Onitsha express 

way had to pass along the hill~sides in à.n attempt to waive or rninimize 

the danger of going along the precarious, s-inuous, old Enugu-Onitsha 

road. 

Having analysed the geomorphological, geological, pedological and. 

lithological details of Enugu, in order to evaluate land potentialities, 

it is now time to examine the extent to which their knowledge has been 

utilized in our urban space planning experience. 

/: .. 
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of these is Burgess' (1925) theory wh±ch conceived land uses as 

organized in concentric zones spreading outwards frorn the CBD. Later 

on it was argued that land uses develop axially or in sectors according 

to the postulation that 

"high rent.districts tend to grow toward the 

section of the city which has free, open 

country beyond the edges of and awry frorn 

'·dead end' sections which are lirni ted bv 

natural or artifical barriers to eJqJansion" 

(Hoyt, 1939, p. 116). 

ivbving further away frorn wassive generalization towards reality, 

Harris and Ullman (1945) proposed the multiple nuclei theory, which 

views land uses as organized in separate nuclei progressivëly integrated 

by the process of urban growth. Sule (1982) has observed that urban· 

growth will hormally be associateâ with both upward and outward expansion. 

1he fact that the process of growth is inexorable points to the need 

for control through planning. 

The Township Ordinance No .. 29 of 1917 errrphasizing guidelines for 

the physical layouts of towns, set a systematic pace for urban land use· 

planning in Nigeria (Sule, 1982), The ri.eed for urban planning as a 

national policy gained wide currency aftèr the World War II when the 
' 

Nigeria Town and Country Planning Ordinance of 1946 stressed the need 

for replacing, irnproving and developing of different parts of the cou.ntry 

(Ola, 19?4). For optimal use of land, the Land Use Act of 1980 (formerly 

the Land Use Decree of 1978) was promulgated and; among other things, it 
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states that: 

(a) Any holder of developed land (i1.e. value enhanced 

by building, installation of infrastructure etc.) 

before the decree, should notify the Governor for 

Certificate of Occupancy. 

(b) Where not developed; the holder should continue 

holding but not more than half of a hectare (i.e. 

about 5 plots of 30.48m x 30.48m). 

(c) Undevëloped urban land shquld not be laid out in 

plots or transferred without the prior written 

consent of the Governor (Floyd and Sule, 1979; 

Igbozurike, 1980; Ola, 1984; Sule, 1982, 1988), 

The Act, which vested all land in the state in the Governor·who acts 

under the advice of a Land Use and Allocation Connnittee, has been 

critized as being socialist in context but at the same tirne denying 

the masses their right and favou:rinQ' the elites who could fight for 

Certificate of Occupancy (Ola, 1984), 

With uolicies based on the Land Use Act of 1980, the Land Use 

and Allocation Corrnnittee of the Lands Divi'.sion, Ministry of Works, Lands 

and Transport, clarifies land issues rnaking it possible for Enugu Town 

Planning Authority to define and delirnit its planning area, For purposes 

of urban planning!, lands in Enugu have been categorized into private 

land: governrnent land and land. outside the planning authority area, 

Planning is simply viewed as a process of laying out the course 

of Rction in advance. The cn1cial role of urban space planning as a 
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conscious attempt to guide urban expansion through a desired path can 

be fully appreciated when one takes cognizance of the fact that urban 

expansion is inexorable. The ir::itysc:=ipe system is an open one and therefore 

there is a need to exercise a certain degree of conscious control over 

bath the element:s and subsystems, In the ~bsence of such control, urban 

land use allocation rnay becorne indiscrirnin;ite, urban activities and 

expansion could become chaotic and precarious. To avoid these unwanted 

repercussions, the need ta achieve a meaningful organization of urban 

activities and structures through a careful planning becomes undoubtedly 

obvious. It is probably an awareness of this simple fact that led to the 

drafting of a master plan for Enugu, 

4.2. 'Tbe Master Plan for Enugu: 

The document prepared for the Ministry of Finance and Economie Planning, 

Enugu, by the Concept Ecodesign International (1980), asserts itself as a· 

cornprehensive physical development plan or master plan. Viewed against an 

anticipated 300%.population increase by the end of the century, the plan 

was ,gearecl 

"to raise the quality of life for the 

largest nlUllberof Enugu citizens ih the 

most cost-effective manner possible'' 

(Mas ter Plan for Enugu, p. lA-,,3) , 

In order to achieve the rnost effective allocation of urban land use and 

circulation activities, it was advanced that the Master Plan necessarily 

had to address other issues such as economic development trends, health

care systems 6 the state of urban education, physical infrastructure and 
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the complex. fiscal and administrative ~ystems in order to achieve a c\ 

truly comprehensive urban development prograrrnne. 

Recognizing the differences in problem-combination from one 

urban centre to the other, those who drafted the instrument noted that 

a methodology should not be a dogrnatic imposition of a monolithic and 

inflexible thought process, but should irather be a responsive adaptation 

of the best characteristics of many proven methods or simply 'a hybrid'. 

The choice o;f a particular method is dictated by the nrevailinl! local 

conditions and extant statistical base, and this is why planning methodo

logies appear to develop in response to tmique~ specific problem-

combinations. 

In the case of Enugu, histIDrical urban growi:h factors appear most 

domineering. Commercial and administrative institutions and fad.lities 

were observed to· have formed the early core of Enugu bv establishing 

themselves as: important. growth points, While neglecting the 

geographical factors of potential outward expansion (freauently non

concentric)t the original sites of activities, such as markets, have been 

ITBintained, defying considerations of alternative sites in relation to 
' 

population centres and inter-regional mo\fement patterns, It was finally · · 

observed that: the town' s orig:inal commercial and institutional foci 

were conspicuously separated (from the newer residential developments) 

by rivers and other barriers, with resultant circulation bottlenecks at 

the limited crossings. 

With the above hist.orical and developmental backgroundt and as a 

ITBtter of methodology, the architects of the instrument nroffer two major 

action areas: 1be first embodies a proposa! to amend the CBD circulation 
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system with the aid of a CBD flyover an'êl also to renovate the 

settled area around the railway station. 1be second action area 

is the escarpment zone ~tretchin~ from Idaw River, through Ogbete 
( Fiqure 6 J 

and towards the 9-Mile ComerL. This provides the greatest harder to 

expansion westwards but is ecologically of innnense import. In the 

Master Plan, it is advocated that a moratorium be placed on any further 
,. 

clevelopment in this area, save those directed towards the adaptation df 

the area to recreational uses. 

1be Enugu Master Plan represents a fundamental document to guide 

urban physical spatial planning. The instnnnent is, indeed, a product 

cf concerted attempts to grapple with the complexities of decision

making process and aJ so to rightly . evaluate the contending alternatives 

that bear on space allocation and utiliz,ation, Undoubtedly, it has been 
., 
1 

a milestone, making a significant degre~ of contribution to Enugu's 

physical planning process, yet the idea of its being a cornprehensive 

document is highly questionabJe and therefore needs a critical re-examina

tion. The Master Plan agrees with the United Nations Group of Experts on 

Metropolitan Planning by asserting that stàtistical and other infonnation 

conceming the economict social and physical structure of a metroplitan: 
' 

area and its probable evolutiona)t clearly essential for comprehensiveif 

planning. But the quest for, and use of, information on the physical 

setting or landscape - morphology·have not been of major concern to 

town planners irrespective of their importance. It has been ohserved 

i 
:·.· 
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that 

"physical planning is concerned with the 
! 

the design~ growth and manageme!1t of· the 

physical environment, in accordance with 

predetermined and agreed policies, whereby 
1 

balanced social and economic objectives 

rnay be achieved" (Adeniyi~ 1978, p,33). 

83. 

Physical planning has not been strictly pursued in our urban planning 

e.xperience! and this gives credenc;e to the impression perpetrated by 

the Second National Development Plan whiçh ''regàrds physical planning 

as a kind of visual aid to economic planning!! ( Adeniyi, 1983, p. 442) • 

The kind of bias and shallow physical background rife in rnost of our 

development plans can be identified as well in the Master Plan for Enugü. 
' 

Based on apparent flaws, i t is questione'd whether the document viewed 
' 

as a comprehensive physical development r1an or master plan actually 

justifies or fulfils its raison d'etre, 1 Its comprehensiveness faces 

stultification and the accompanying doubts hecome intensified when one 

recalls that the treatment of geological'structure and soil in relation 

to general terrain morphology was. too general and on a very small scale 

for Eastern Region and Nigeria as a wholè. This shallow treatment whith 

was ipainly a re-statement of the v:iews of Floyd(,1969) and Iloeie (1976) 

with little or no criticism has proved f.o be the Master Plan t-s Achille~' 
' 

hee.1. Not even the detailed larg~ scale!pedo-geological and hydro-geom?r-

phological settirigs essential for meaningful urban land use. planning were 

presented. Any reasonably well-drafted master plan should not have 
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neglected such indepth and relevant infonnation on bath the surface 

norphology and litho-geological underpinnings of the defined area it 

claims to be planning for. The need to use Environmental Impact 

Statement ( EIS) to assess the various impacts of different land uses 

and attempt to minimize adverse environmental feedbacks while maximizing 

the benefitial ones cannot be over-ernphasized. This was conceptually 

an.vocated for at the onset of this investigation (as could be seen in 

Figure 1). No master plan can claim to be comprehensive while conspicuoÜsly 

ami tting the large-scale, · detailed Ï,iformatfon on the capabili tiës an<l 

limitations of the lands in the area being planned. Enuguts topographical 

disposition and i1:;s intense terrain dissection by various surficial 

hydrological processes constituting sorne geornorphic constraints to the 

use of the area's terrain have been exarnined in the previous chapter. 

4.3 Grappling with Terrain Constraints; 
1 

Ofornata (1978) noted that the siting of Enugu at the foot of an 

escarpment was dictated mainly by physical considerations. Coal Camp 

has remained the core or CBD of the town, The rugged terrain of the 

indented Milliken hill makes it very difficult for Enugu to extend further 

westwards. Instead, settlements are spreading northwards into Trans Ekulu· 

and Abakpa Nike layouts; eastwards into Awkunanaw, Mary Land and Achara 

Layouts. Attempts at westward extension of settlements have heen very 

· precarious and tasking. The term 1Éhugu' ;(or rather 'Enu..,..ugwu') refers 

to a settlement on the hi11. Other designations such as Ugwu Anron mul 

Ugwu Alfred are etymological nomencJatures (as 'ugwu' means 'bills' in 

Igbo). The severity of topographie hurdles in such areas has already 
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been illustrated in Figure 4. Even at Coal Camp, such constrains are 

quite dramatic as could be. seen in Plate 4. At the UNTH, the problern 

is of sirnilar intensity, thus constituting a great limitation to land 

use as could be retrospectively inferredlfrom Plate 3. 

Owing to the nature and operation o~ geological.,lithological and 
1 

hydro-geomorphological factors, Enugu ha~ heen cornpartmentalized into 

sections. These are quite vivid on air-photographs of the area and 

can also be inferred frorn Figure 6. The hydrography of the area reveals 

compact land masses sandwiched in between the dissecting rivers, The 
/ 

:i.nhabitants of Enugu are so rnuch attached to these rivers as vital in 

their living environment that residential areas such as Idaw River, 

Ogbete, Asata, Aria, Ekulu etc have taken narnes after the original 

rivers that still traverse Enugu today, Apart from the steep hill-

slopes, the steep, short slopes of the river-valleys constitute a great 

limitation to urban land use. 

Paul t planes and rnÎcro-.erosion surfaces have been identif ied and 

adduced to highlight the influence of palaeo-geoJogical and pailaeo

geomorphological processes on the trend of landform evolution in the 

study area. For instance, it has heen argued that because of faulting 

and minor earth trernors that occurred during the Post Maestrichtian Time 

(i.e the period of coal formation) , Oghete, UNI'H ~ and sorne other parts 

of Enugu are on fault planes. Consequently, geologists and other geo

scientists wam of the danger of landslides if people continue to build 

houses and other structures without !carefully considering the locations 

of mining tunnels and the geology of Enugu (Egboka, 1987), Man's inter

vention on the-surface crust through rnining can obviously fostigate 
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PLATE 4: The Milliken hill and urhan land use. This 

photograph, taken at Arochukwu Street, -

Ogbete: speaks for itself about the restri~tive 

impact of the Milliken hill on urbanization. 

86. 
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and escalate structural instability and slope failure. Such geological 

and geornorphological factors could offer a plausible explanation for 

the causes of collapse of urhan buÜdings. 

Waves of collapse of buildin?.s have recently reached Enugu, On 

27th August: 1987, tragedy hit the town when a four-year old, three -

storeyed building collapsed at Ona Street, Uwani: (Daily Star, August.28, 

198 7 and Septernber 1, 198 7) . News analysts ~ in trying to cxplain such 

mwelcorne events, attribute them ta structural and c.onst:ructional defec'ts 

which derive from faul ty archited:uTe, engineering and surveying. At 

the same time such analysts assume an absence of earth tremors in the 

affected area. But more and more improved and sophisticated civil 

engineering techniques have apparently not reduced the incidence of 

building-collapse. 

With modern technology and design, the construction of that ill

fated buil.ding at No, 6 Ona Street started in 1983, It was completed 

and rented out in 1985 and it finally collapsed in 1987. Ohviously 

the fault was not wi th the ci vil enginee-d.ng and cons t.rtJCtion techniquei,. 

This necessitates a quest for a more satisfactory explamrtion to the 

issue in question. If, for example, the structures near Ogbete Main 

Market begin to fail into the gully near the Ogbete river, definitely, 

faulty archirtecture and civil engineering cannot give the desired 

explanation ta the issue. 

A post-fall investigation of No. 6 Ona Street revealed the use of 

suti:'l':Standard rods and à poor mix of 'building materials. But the fact 

that other buildings in the same street are equally trying to cave 

in shows that the issue cannot necessarily and totally be accounted 
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for by faults in structural engineering'techniques. No. 9 Ona Street 

was almost caving in when the Town Planning Authori ty i n;tructed i ts 

1.andlord to relieve the building of occupants so as to allow for the 

incorporation of supporting pillars to rescue the threatened building. 

At Ona, 6biorna, Umueze and Mount Streets, the gradual subsidence of 

buildings is not a new phenomenon: But a conm1on feature of all these 

' hazardous areas · is that contrary to soun<l town planning provisions and 

ethics, they are located on green verges. The stream~side areas 

delimited as capability class III in Figure 11 constitute green verges, 

We have already noted (in section LS.l) that land evaluation involves 

comparing the benefits and consequences of a particular land 1~se type 

with those of the alternative land uses. Our investigation reveals 

that so rnany hazards leading to collapse of buildings and threats to 

liveability could have been circumventediif the green verges were not 

encroached upon for residential purposes. Apart from obviating such 

terrain hazards, if the vegetal caver of the green verges is improved~ 

the beauty of the environment will · be highly enhanced. 'The Enugu Town 

Planning Authority has realized th~.s fact and so plans are in the making 

to ensure more strict cornpliance with green verge provisions and also 

incorporate sub-soil investigations before building plans are approved. 1 

Apart from obvious landslides that can be attributed to lithological 

settlement or sagging in mined areas, factors connected with oyer land 

and saturated through-flow processes can equally account for the occurrence 

of landslides in areas that have a signftcant stratwn of clayey materials 

in the soil profile. Ernpirical investigation summarized in Figures. 7 

and 8 reveals that for a greater part of Enugu, at about lZean deep, over 

· .. 
(-
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50% of the soil is made up of silt/clay. This is corroborated by 

the information in Table 6 and Figure 9, From the foregoing~ it is clear 

that the proportion of clayey materials in the soil profile in Enugu 

is very significant as to play a domineering role in detennining the 

response of the soil profile to saturated throughflow and catenary 

processes. The behaviour of clay or clayey soil was used to e:xplain the 

1962 - Awgu landslide (Ofomatas 1966), Accordingly, it was argued that 

when clay forms p:irt of a steep slope, it' can become unstable, but s:incc 
1 

the pedologist or civil engineer would always ignore the external 

dynamics of landsca.pes, such instability 

"can only be detected through a 

systematic geomorphological analysis 

of the area in question" 

(Ofomatat 1978, p, 122). 

Figure 10 shows that the western part of Enugu has relatively steep· 
the 'Mltershed for most 

slopes. Also this western part formsl of_:the .. eastward flowing tivers, 

Field observation shows that most of these rivers are incised since they. 

flow over relatively steep slopes, Given the degree of vegetation caver 

length and steepness of slopes, the 1,Sbomm-annual rainfall experienced · 

in Enugu favours increased erosivity while a pedo-genesis of over 50% 

clayey materials (i.e. in tenns of ~oil material make-up) intensifies 

erodibility through landslides. Based on 'field evidence, it is reasonable 

to maintain that terrain instability can he a function of accentuated 

pedo-geoJllo:rphological processes opernting on slope§ that ht1w1 e.layey 

materials or clay strata in their profiles. In decrepitude, a huilding 

can cTUIDble, but when a new strong one·caves in or slides down, the 

1. 
li.. 
;~~-
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explanation must he sought for in terrain sub-surface and external 

dynamics and this is where applied geomolJ)hology plays an important 

roJe. 
i 
1 

The topography of Bnugu is characterized by a maze of traversing 

rivers. The resultant compact land masses c;eparated hy rivers had to 

be isolatedly utilized for urban development purposes. Contiguous units 

were either plannëd or gradually colonized by different urhan Janrl uses. 

Various nuclei such as Oghete, Uwani., Asata, and Ogui <'leveloped> all 

b01mded by ri.vers. Meaningful intra-city comrnlmication was not possihle 

until attempts were mde to connect the isolated areas with bridges. 

The Enugu Master Plan proposes a CBD :flyover to amelinrate c-i.rculation 

problems (see Plate 3) b1Jt the tE~rrain nf Ogbete area is so cliffir.ult 

that the project; if embarked upcm; may not be cost-effective. Flyovers 

were rather more meaning_fully constructerl north of the Ekulu River along 

the Enugu-::-Onitsha e:xpn~ss road (Plate 5) 'and to the South near the 
l 

Nyaba River along the Enugu-Aba-Port Harcourt express road. 

There are still other aspects of intense dissection relevant to 

this investigation. Settlements have heen spreading northwards across 

the Ekulu River" and recently (in September, 1987) this river overflowecl 

its bank causi.ng <ievastating eros:i.onal hazards at Ahakpa Nike J.ayout. 

One may recall that the magnitude was such that it·.was the talk of the 

town an<l even o-f ABS Radio armmd ~Oth September, 1987 when the fateful : 

event occurred, 

The Concord of September 28, 1987 observed and reporte<l that 

stru<:tures in the Ogbete }Varket fowe starte<l cracking élue to devastating 

guUying near. the small Ogbete -river. lt wns Il()ted that this 1111fortunate 
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PLATE 5: The Flyover after Relief Market. Relief-dissection 

and difficult terrain pose great problems to accessî

bility and intra-city communication. Shown in the 

plate, is a flyover along the new lmugu-Onitsm express 

road. The Ekulu river passes under th~ bridge to the 

left of the plate while an anti-erosion plantatin Iles 

further on the hackground. 

. .. 
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process is seriously threatening the NlOm - Oghete Market. The 

:oorpho-conservation rnap (Figure 1~) And lanr-l capability map (Pigttre ll) 

can be used in the planning of intr::i-urhan route net worl,s, n llocati.on 

of lanrl uses and for spatial organization and re-org:mizaticm of 
1n 

urban activi.ties. They can al,;o he usr-Jdlconjunction with Figure 2 

which shows the umlerlying geology of the area, ' 
is closely related to the nature oi underly~ng . 

Topographical expressiort material. 'The relief combmes w1th 

litholpgy to set the stage for surfici::11: p:rnc~sses to act and give 

an indication of the rate of" nonnal or naturaJ denudation. When such 

processes opernte at a nonnal i:-ate~ a clynamic equilibrhun can exist 

beb\feen the lan<lforms and agents of denuélati.on~ but_ such a balance 

cm1 easily be disrupted by P.Xtrnneous ant.hropogeni.c intéreference. 

Exogenic processes can become intensified and acceler/lte<i leaving more 

violent legacies, of which a classic exi:imple· is the threatening gutlying 

nAar the Ogbete Market. 

Enugu' s urban expansion hHs bée-orne charac-.terizecl bv a progressive 

inrrease jn bu:i.lt-up areas. 1110. crnatfon of Commr.mity Ex-tensirm anrl 

City Layouts in Februrary; 1988 hy the Enugu Town Planning Authority 

confinns that Enugu' s buil t-up areas an'! re·! entl.essly widening, 

Increasing the built-up area implies increasing concrete (and uni.n

filtrating) surfaces. Infiltra.tion is d~astically reduce<l or elimim,ted 

by the concrete surfa.ces, resuJ.ting in im:re::ised runoff. Such nmoff 

eventrnüly becomes channellized a"Jong the. rivers, leading to further 

slope fa.Hure ;:ind incision in areas of steep gradients (such ::1s ügbete 

"M:.irket a-rea) . 
1 

This j s beca11se most of the -ri vers i.n Enup.u are in their · 
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upper courses. But in relatively flat iareas such as Pba.kpa Nike 

near the Ekulu River, the increased runoff has led to serions eros.i.on 

and i mmda. tion . 

Man's disruptive influenr.e on naturnl s1.1rficial geomorphic 

processes has already been concentual i. zen in Figure 1. Due to 

Environmental Impact Assessment based on feedhacJc effects, the formula·

tion (i.e. F:igure l) is ;:in appropri.ate monel for investigatjng land- 1
• 

scape dynamics. Because o:f this riua.Hty, it is a.lso a good guide for 

land use planning both on a large scalP and at individual projec:t leveL 

From the foregoing~ at dymimic equilfüriwn; terra.in evolution or 

modification proceeds at a nonnal rate. Bi1t extraneous interference 

(i.e. hwnan) intensifies the rate o:f terrain transfonnation leaving 

violent imprints represented by erosforn:11 and flooc'linp; haz.ards in Enugu. 

Most spatial necisions to locate lél.nd use activities which might 

lead to the setting up of residential ~ èommercial, administrative and 

industrdq.l buildings, or to a1ign route ways, among others 1 give rise 

to definitive land uses. Such final land use st:ltes have 11 ccmsiderahle 

degree of inèrtia fo that they rarely re--loi::ate onr:e estahlished. When 

liveability is nettled by wh8t Du:ru (1972) ~ma TJyanga (1982) clescdhed · 

R.S 'hypertrophie' urbanization, then spatial re..,organization or re

locR.tion might be a feasible action. Enugu 1·s decadent CBD (especially 

Ogbete area) is already being hlight.ed, Applied urb,m geomorphology finds 

real prac:tical expression in slum-,-clearahce in that it can e,~sily yie1d 

an Environmental Impact Statement (BTS) that can be used by urhan planners 

in effecting urb~n renewa]. A geomorphologjcal survey can predict the 
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best site ft'Jr a particular pToj ect afte1< taking the potentiali ties 

and limitations of the land Î:ri.to consideration. The much-clamouren.

for slum clearance and the recrnmnendation of a CBD flyover to 

irnprove t:raffic conditions in Enugu can bath be subjected to a geomorpho

logical censorship and verific:ation. Here, envirfJnmental geomorphology 

not only takes into consiclera.tion the economic and social implü:ations 

of an envisaged programme but also the environmental ramifications and 

repercussions . 

.It can he recapitulated that Enugu is rife with a mnnber of terrain 

limitations to urban land use ranging from intense land dissection by a 

11RZe of rivers to tmc:ircumventably rugged terrainat the western side 

of the town. Many of the land use activities can be sitecl. on the 

rela.tively ffat terrains exist:ing to the north, east, ann sonth, whHe 

landscaping can be fruitfully practised on, the rup;ged Milliken hiJ.1 to 

the west and also along the short steep slopes near the dissecting rivers. 

The result :· of geo-chernic::i 1 tests in TabJ e 5 reveals mean ac:i di ty 

or pH valnes of 6.04 on the s11rf::1ce, 5.81 at 10 cm deep and 5.49 nt 

120cm deep, 111is shows that the soil in Enugu is a :Jj ttle b:it acid:k, 

but the observed ac:idity level is still tolerahle to most humid tropic:a"J 

aesthetic plants with deeply penetrating -rooting systmns. Landscapim,. - "' 
can therefore be used to inprove the panorama o-f the rugge<l hills as well 

as to stabi]ize and beautify the threatenen slopes that bear most of the 

urban fand uses. 

The lithologic::il dangers i.n tenns of the occurrence of c:layey 

rrnterials within the soil profile and its relationship with slope instabil.ity 
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have been highlighted. The topographicial. hurdles rni.litating against 

urban land uses have heen examined. It is now tirne to consider how 

to maxirnize the benefi ts and rninirni.ze the consequences of urban land 

uc;es. Given the :inherent terrain constnünts it is the duty of our 

urban designers and plapu~rs. to find the best; way of .grnppling with these 
limitations, When the. terrain 1s v1ewed as a ~ 

Lspéltfa.lly distributed rotential Tesource, t-hen one apprec:iat.es the fact 

that no te:rrai:n constraint or limitation is actually insunnountahle. 

Wïth our technology and wisdom, such topogra.phical disadvantages can be 

tumed into a topographical wealth. Through proper., comprehensive land 

evaluatfon and allocation, the use of the land can be maximizerl, A 

bàl anc:e can be attained and maintained between surficial processes on 

one hand and human structures on the other. 1his attairunent puts the 

urhan J.andsc::1pe in a dynarnic equilibriu~ or a steady state. 

The drafting of a master plan to güide urhan land use in Enugu can 

be said to be in realization of the chai lenges posed hy the terra in.. Tn 

élil attempt to grappl~ wi th s11ch planning challenges in Wi t.1vatersrand, 

i t has been argued tha t 

"As always, prohlems nre ;:i chaJlen~e and it is up to 

hurnan ingenuity, based on a rea] understandjng of 

past growth and future trends, to turn present 

liabilities into future asse~ts" 

(M.allows, 1961, p. 4 7). 

1 

In deveJoping countries, regrettahly, the story is quite different, 

/' 

unlike in advanœd countries where natural ]imitations can be easily 

surmounted with the aid of suff:i.cient d.pital base and technical know-how. 

il 
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1 

Sule (1988) has noted that river-lxmks
1 

and river-corridors promote 

d nh "d . 1 ~t -1 ' , l ' ' . an e ance res1 entrn.. a0.st1L1cs anu 1ncrease oronertv va .ues 1.n c1t1es 
. :O.,_ I\ . - . 

-•::' . 

of advanced cf1untries, but ·1n C::il ahar; hecause of poverty, the rivers 

constitute. a harrier, a liahility and not an asset for residential 

arowth and develonment. u • 

In Enugu, the areas categorized into capability classes III and 

TV (Figure 11) can stiU be viewed as latent resources craving fo:r 

exploration and exploitat_ion. The steep slopes of the Mi.lliken hi] 1 

and ot:her smaller hills forming wntershecls for the various eastward 

flowing rivers in Enugu together with the steep valleys near these 

rivers, are obvions liabilities. Any definitive urban land use sited 

on or near these difficult terrains appears precarious. Devasting 

gy11ying , and landslirles can wreak their destn1ctive weal Qn surh 

urban land uses. But the wi~dom of a m~dern astute urhan planner lies 

in haulting the onslaught of gullying hy stabilizing the slope. This 

is where the applied urban geomorphologist makes a relevant contribution 

to the interdisciplinary field of urbm1 m:magement. Equipped 1vi.th the 

basic knowledge of soil erodibi li ty and s.l ope stabiJ.Hy, the gernnorpho·-
advise -the iovm pionner on how best to 

logist is in a better position t7-inake 1Jse of these terrains with 

serious limitations and at the same time ciTcumvent the adverse effocts 

of such land uses. 111e steep valleys of Asa ta and Aria ri vers together 

with their tributaries including the steep hiJl slopes to the west of 

Enugu can be redesigned to rneet the challenges of a new technology 

and a new age. This is especially where the green verge has not been 

en~roached upon. These steep slopes can_be stabilized by improving the 
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vegetal caver and hence enhancing the scenic beauty. 111e colossal 

urban ]and use-repelling Milliken hil] can be developed aesthetically 

for recreation. Appropriate and attntctive parks and ·restaurants can 

be sited on the foot-slopes for tourism, recroation and convah~sctmce. 

The aesthetic beauty of tl1ese, hitherto, topographical .linbilities can 

be enhanced to the extent that they c;:in become of irrnnense tourist·import. 

As a mat.ter of fact, much of the Milliken hi]l, including Iva 

Valley, :fa1ls outs ide Enugu Town Planning Authori ty a.rea and is claimed 

by Udi Local Government Area. But the latent potentials (in terms of 

recreation and tourism) of hoth the hill-sides and hill-tops of the 

Milliken hill zone are quite much and cannot be over-stressed, 

Having extensively examined the morphornetric, hydrological and 

pedo-geomorphological factors of terrain dynamics in the process of 

ev~luating the terrain for urban uses, we wilJ now swmnarize our key 

findings and suggestions to enable us conclude the work. 
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Before bringing this project to a close, it is necessary to recapitu]ate 

the major findings that ernerged in the process of the investigation. 

5.1. Findings: 

(i) The geomorphic underp.innings of the Jandscape have not been 

identified and re:flected in the spatial organization of urhan, land uses . 

as can be inferred fr.am the Master Plan for Enugu, which only gave a 

broad treatment of the geology of thA Eastern Region and never attempted 

to investigate slope classes and slope-modif-ying processes in Fnugu. A 

document that leaves such conspicuous lacunae should not lay claim to 

cornprehensiveness. 

(ii) The sub-soil profile in Enugu.was fairly prnbecl and the 

implic:ations of the predorninance of clayey materials in tenns of slope_ 

instabili ty, given the topography and rainfa.11 characteristics, were 

also empirically established. In the private sector, instead of 

evaluating the land to di.scover the potentialiti.es and limitations, 

economic considerations in tenns of abi.lity to finance projects largely 

detennine the kind of use a piece of land is putto. Because of a Jack 

of Environmental Impact Assessment and encroachment upon green verges, 

collapse of buildings: erosion menance ~ flooding and even threats of 

more serious landslides and tremors are now conrrnonplace in Enugu. 

(iii) Relentless urban expansion gives rise to an unprecedented 

increase in concrete surfaces. 

Infiltration is drastically .reduced, while the resultant channellized 

1. 
I· 
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overland, flow has caused serious erosion near Ogbete Market ana also 

inundation at Abakpa Nike near the Ek:ulu river. 

( iv) , Air--photographs, topogravhicaJ maps and fi cJ d imrest:igat:i on 

revealed a number of topographical irregulénities. ·me irregularities 

constitute tP-rrain constraints to urban land uses. Interestingly, this 

jnvestigation has found out that most of these topographical hurdles 

are not absolutely ü1surrnounta hle. To r.1eet the demand of our new age, 

our technology can be cross-matched with our wisdom and· ingenuity and 

the resuJ t will be that these terrain liahilities will hecorne invaluable 

spatial assets. 

(v) Fnvironrnental geornorphology finds practicaJ application not 

onlv in the area of urban space organization, hut also in the re-

. organization of spatial structures and activities. Our present 

investigation has corne up with yet another finding: the rnornentous 

CBD decongestion is a great challenge craving for appreciation and 

exploration by applied urbani, geomorphologists. In ame1 iorating traffi1c: 

congestion in the CBT), the geomorphological dynamics of the terrain 

should not be overlooked. Bath the expected benefits and consequences 

should be compared so as to minimize the negative feed back effects 

of the intendedaction. 

Based on these major findings, we are making somn recommendations 

to help those direct]y invo1ved in the process of urhan space pl::mning 

for Enugu. 

5.2 Recommendations: 

The following recommendations are made: 

'· ',. 

,. 
·'.· 
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(i) Because of obvious flaws and conspicuous lacunae in the 

extant Master Plan for Enugu, a more indepth areaJ analysis: such 

as land evaluation~ which takes into account the morphometry~ capabilities 
-

and limitations of the urban lands i s hi.ghly recorrnnent1ed. A cornplete 

revision of the old, and the drafting of a new comprehensive .Master Plan, 

are imperative. 

( ii) A knowledge of ·soil mechanfcs is very important for the 

proper execution of civil engiw~ering pro;j ects devoid of serious reper

cussions. The Materials and Research Laboratory of the Ministry of Works 

and Housing, mostly involved in carrying out sub-,soil probes:,1 should 

collate, swmnarize and make their pedolog:ica] findings avaHaôle to the 

land use planners in the fonn of soil series maps or soil directory. 

(iii) Due to the observed high rnte of induced terrain instahili ty 

and violation of green verge ethics, it wwould be appropria té for the · 

Enugu Town P18;nning Authority to embark upon F.nvironrnental Impact 

Assessment so 1as to retain the urban land in a dynamic equilibrium. 

(iv) Apart frorn the anti-erosion plantation a.round Iva and Ekulu 

Valleys, much fanning still goes _on a long the slopes of the M:i 11.iken 

hill irrespective of the rnoratorium recomrpended by the Jvfaster Plan to 

be placed on the se diffi cult terrains that should be reserved foi· 

lanàscaping. Policy enforcement mechanisrtl should therefore be revised 

by the Town Planning Authority to ensure that the guiding principles of 

urban land use alloration as dictated hy hoth the Master Plan and urban 

planning ethics are fol]owed to the letter. No group of individuals 

should be allowed to derail the planning process geared towards the 
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improvement of cityscape aesthetics. A progranune should be evolved to 

educate and enlighten urban dwellers so as to appreciate the environ

mental implications of their locational actions. 

(v) In response to the prodigious challenge by city-huh decongestion, 

a programme to re-locate some important land use activities from the 

CBD area shoui ~ be clearly spel t mit and phased oveT a reasonable · · 

period of time. Because of lack of capital to embark upon the construction 

of a CBD flyover, the Task Force on Urban Road Construction and Main

tenance shouJd carry out thorough road-side land evaluation, After 

considering geornorphological factors, together with the benefits and 

consequences of alternative uses, the Task Force should embark upon a 

CBD road-widening where such an action is ·. :-;found worthwhile. This will 

not only enhance traffic flow but will also minirnize unwanted consequences 

such as road-,threatening gullies near the Ogbete river, Sorne key 

urban land use activities .such as vehicle spare parts - saJes and 

maintenance lines, should he re-lornted ftom Coal Camp~ Such re·-location 

will not only decongest the city-hub but wil] also initiate and sustai.n 

spatial development at other Jocations that will fonn growth points .. 

These growth points should be planned and sited at the outskirts after 

proper land evaluation- The planning should be future-oriented in that 

anticipated expansion in urban activities 'and future population growth 

as well as the morphological capability of the land to accommodate such 

increases, should all be taken into consideration. It is not in doubt 

that applied geomorphology plays a vital rble in the interdisciplinary 

field of environrnental management by yielding an Environmental Impact 

Statement which can guide conscious !Dcation and re-location of urh::m 

i ,: 
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land uses devoid of serious environment.a1 repercussions. Finally, 
' 

there shoul<l be a deliberate attempt to' improve the vegeta] caver so 

as to stabilize the slopes and enhance general urban beauty. 

5.3 ï.onclusion: 

The issues incorporate_d into the research problern that ini tially 

motivated this st.udy have been investi,gatecl. The s:i.gnific::mce, methodb

logy and application of the princiI?les of geomorphology to urban space 

management have heen demonstrated. To rnaintain an eq_uilibrium between 1 

the urban landscape and human ac:tivities: it was :i.nductively, deductively 

and even logically established that an understanding of terrain dynamic::s 

is very essential. 

Enugu's topographical irregularities exhibit different degrees of 

capabilities and limitation to urban uses. Anthropic factors leave 

violent and accentuating legacies on the, landscape. Any rneaningful land 

use allocation presupposes a comprehensive approach to understand bath 

the landscape and its modifying proc.esses, Thjs implies ,1 detailed land 

evaluation before definitive locational clecisions are made. In Enugu, 

such an evaluation to reveal the capabilities and limitations of the land 

is conspicuously lacking. Tiiis lack justifies our present investigatioh 

aimed at filling the unfortunate lacunae: This study does not, however, 

regard its findings as final. The wide horizon of promise held hy applied 

geomorphology in the area of urbart space management is clearly a great ' 

cha]lenge that should be further e:x:plored by future urban land use planriers 

and analysts. We will, therefore, consider our stuày successful if only 

its findings can contribute towards P-recting a convenient platform from 

which the envisaged exploration can be launched. 
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