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Abstract

Gully erosion in Nigeria has been a
major environmental degradation
atfecting people, their lands and
infrastructure. The National Geohazards
Monitoring Centre has carned out
detailed and systematic studies of the
incidence of gullying in several states of
the country. The purpose of the studies 1s
to enumerate the gullies in each studied
state and systematically document the
basic parameters of each investigated
gully with aim to assembling all the data
relevant to formulating combat strategy.
The landmass of Nigeria is underlain by
both crystalline basement rocks and
Cretaceous-Tertiary sediments within
the seven Nigerian sedimentary basins.
Some of these basin-fills consist of
unconsolidated formations that are
highly erodible. Most of the gullics in
Nigeria are concentrated in the
Southeast. This is attributable to the fact
that most of southeast 1s underlain by
friable lithofacies of Ajali, Nsukka,
Ameki, Nanka, Ogwashi/Asaba and
Benin Formations and is transversed n
some parts by cuestiform topography
(Idah-Enugu-Okigwe-Arochukwu and
Awka-Uyo). The erodibility of any
underlying geologic unit depends so
much on the competence of the rock
malterials.

Combat strategies should involve
detailed enlightenment programs on
proper land use practices, engineering
designs and construction of civil works
with due attention to environment.

Control and combat measures should
involve the formulation and delivery of
public enlightenment for all

stakcholders on proper land use
practices, these should include proper
engineering designs and construction of
civil werks with adequate consideration
to highly venerable environment,
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1.0

Ciully erosion 5 a widespread peobazard in

Introduction

Migeria and virtually no reglon, even areas
underliin by erystalline basement rocks, 1s
unscarred. In the south-custern part of the
country, soil and land loss is so mtense that the
area has heen tagped the 'type place of gullyving
inwestern Alvica’. The arca is therefore o logeal
starting point for a systematic study of gullying
and 1ts impact.

Larlier studies of gully erosion by the
Cieclogical Survey ol Migeria and many other
and

veomerphologists, documented o1 as a major

workers, espectally pedologists
peohazard m Nigeria especially soutli-castern
part, where it has devastated  farmiands,
uprooicd homes, destroved imlrastructure, and
stlted up water sources. The consequences have
been largely mn terms of tremendous material
losses and psychological truuma incidental on
loss of uncestral homes and conversion of the
victims o relupee stalus. The proneness of the
souls of an arca o vullying is attributed to ther
derivation from very poorly consolidated
bedrocks which include the geological umts
comprsing the hithie fills for mstance. of the
southern Benue Trough, the Anamina Basin,
and the Niger Delta Basin. There has been an
assumption that eullying has been restricted to
the sedimentary terrains of the country but this
been approved wrang by the accurrence of
gullies in recently studied crvstalline basement
terrainsg ofKastina, Gombe, Kom and Cross
River States. Crallies may be less frequent in
basement uareas, perhaps due 1o the sreater
resistance of unweathered erystalling rocks to
The
erodibility of the substratum, 1 conjunction

Erosion. underlying  attribute 15 the
wilh such other factors as climate, topography,
the effectivencss of the vegetal cover and the
anthropic factor. It 15 obvious that battering raimn
storms usually generale very heavy and highly
erosive floods which, on somls with scanty

vepetal cover and even moderate slopes,
imitiate rills that progressively transtform into
Comibat

[ wr]hghmr‘.r‘ncnt programme On proper

cullies. measures  should  melude
use of lund praclices, engineering desipns and
construction and crvil works wath due attention

o environment of the crosion prone arcas.

Fiz. 1 Map of Nigeria showing States already
mapped by NGMC Gully locations

Expenences from many ficld observation and
the MNational
Monitoring Cenire, Nigerian geological

analysis by {ieohazards
Survey Ageney have applied updated methods
to leverage on the effort of various workers on
gullyving during the last century. It 1s now more
fully realised that pully 15 an upper part of river
system or drainage that conduct water during
and immediately after the rain. It is basin-based
event tnggered when environmental stabiliy,
specifically the substratal contiguration, has
been upset naturally or anthropomorphically.
aided by torrential precipitation  gencrating
voluminous and highly erosive floods. T his 1s
the background for formulating a geomorphic
model summing up gullying as mass
movement-induced headward and flankwise
recessions related to the base level.

(9)



1.1
Stamp (1938) muy be regarded as the earliest

Previous Studies

published discussion of soi] erosion i Nigera
and. as indicated by Skyes (19405, combal
action on gullving n southeastern Migeria had
been on since the 19305, Complete studies were
carried out by Grove (1951a) in the s ofthe
present Enugu, Anambia and Imo Sias god
published as Geological Survey of Socena
Bulletin (No. 2110 He recognized e miam
types of gully on the scarp slopes of the Ui
platean (e, the Enugu Cuesta) and the Awka
Orluuplands (i e. the northern parts ol the Awka
— Uyo Cuesta), From a review of several
studies, FAO { 1990) concluded that most of the
gully erosion in Nigeria is caused by badly
designed roads and the clearance of vegelalion
from building sites. The studies mapped owt
gullies and proffered combat measures. the
application of which slowed the scourge,
saving large areas of territory. Other studies,
sne of them of small specific arcas or
mdividual gullies, include those by Okezie
(1964), Flovd (1965). Nwapde and lHoque
(1979, baboky and Nwankwor (1986]). Uma
-and Omuoha {198H), Okogbue and I-rechi
(1988), Wwajide (19923, Albent ef al. (2000,
Chuka and Akpokedje (2007), Igbokweet al.
(2008), Osadebe and Akpokodie (2008).
Akpokodjeer al (2010), Igwe (2012), and
Abdulfataier ¢l (2014). Deserving of special
mention is the publication by Hudecer al.
(2006) following a study of gullying processes
in Abia, Anambra, Lnugu and lmo States.
tunded by International Development Research
Centre (IDRC), Ottawa, Canada, and camed
out from 1992 10 2000. The project goal was to
reduce gully erosion in southeastern Nigeria by

explaining the widespread occurrence of

sullies in the area, and to design a strategy lor
the prevention and control ol gullving,

2.0 Definition/classification

Frosion, cenerally, 1s the weanng away of carth

|

miarerials (soil and rocky, commonly through
Uhe shrasive action of Tuids, In the contest of the
INLegren

wnon of wind and glacier 15 neghgible or

civironment where there  erosive
shsent, w. ter is the sole erosive dgent (g, 1),
With
nhenomenia, the study of its elfecty provides 4

[ink

phyvsical and socio-cultural environments, The

water as e locus of physiographic

stromp hetween an understanding  af
hydroiogic eyele is one ol the great sysiems of
the Eorth and a natural mantfestation ol great
uhupnty which follows water m its myriad
piaths, Man attempts to aller the cyele by
building dams, reservoirs, canals, and the use of
water in furming, and power supplics.

The commuonest classilication of erosion 1s the
one hused on form - thie type derived from the
impingement of exogenic flurd agents,
especially water and wind, on thic soil surface.
There is also the subsurface kind of erosion
which occurs when flowing groundwater
dissolves out leachable components of the rock
and accumulates them on the underlying
impermerble laver, This process results in
wnnels which reduce the stability of the
overburden, Collapse of tunnel rools prog o
deep gullies, cspecially i karst areas. Several
factors determine the class of grosion that
prevails in a given terrain since overlaps are
common and there are really no distinctive zone
for
commonly progresses by headward recession,
can extend through the rill zone, across the shect
zone into the splash zone, and has been

observed in the parts of Nigeria, especially

houndarics. Gullying, instance. which

southeast area. o develop within the sheet zone
without passing the rill stage.

2.1
2.1.1 Rain splash: The simplest form of
erosion occurs when raindrops hit the soil
surface {Fig. 2). It has been demonstrated that a

Classes of erosion

normal raindrop hits the ground with an napact

(30)



up to 14 times its weight (Donahue, 1963) and
this is why rain splash erosion can effect nearly
90% of the crosion on bare slopes (Elison.

1948).

2.1.2 Sheet erosion: 1s the process of
levelling off, or more or less uniformly
removing, thin (mm — thick) layers of soil
surface material from a flat to gently sloping
ground surface by broad continuous sheets of
runoff. It is essentially an overland flow
phenomenon (Fig. 3a) and for it to commence
during a rainstorm event, the infiltration
capacity of the soil has 1o be exceeded. and soil
moisture storage and any depressions have to be
filled.

Sraa= L
=

Fig. 2. A model idealizing the differcnt classes of

crosion

Fig.Z. (a) Dispersal of soil particles by a single rain
drop (b) Earth pillars resulting from raindrops
reducing unprotected arcas from the original level
(hereup to 12 cm)

D

Fig. 3(a} Housing foundation and normally buried
tree roots exposed by sheet erosion, {b)Rills formed by
concentrated flow lines on a gentle slape.

2.1.3 Rill erosion: like shect flow, 1s
dependent on overland flow, and their hydraulic
characteristics are similar. It is the scouring out
ol narrow, shallow (mm to cm ) discontinuous
channels due to the uneven removal of surface
soil by running water concentrated in streamlets
of sufficient discharge and velocity to imbue

erosive lorce (e.g. Fig. 3b),

2.1.4 Gully Erosion: Gullying may be
defined as the erosion of soil or soft rock
material by running water that forms distinct,
usually narrow channels wider and deeper than
rills, and which usually carry water only during
and immediately after heavy rains. Another way
of looking at a gully is that it is any crosion
channel so deep that it cannot be crossed by a
wheeled vehicle or eliminated by ploughing
(Fig 4). During rainless periods a gully remains
as the dry upstiream extension of fluvial
channels, unless where deep enough to intersect
the water table to form a spring. It is commonly
believed that rills transform into gullies, but, as
has been stated earlier, gully formation can be
triggered on a hillslope if the conditions are
complete, without passing through the rill stage.
Indecd in some parts of the country especially
the southeast Nigeria, gully formation
commences from alocal base level, usually a
niver or flood channel. Concentrated overland
flow, plunging down a steep slope or into a



the
headwall collapse and causes headward retreat,

channel, scours the base, undermincs

producing a linear depression that gradually

widens with mass movements.

-

-

= length, W =

Fig.4. A section of a typical gully: L.
width, I} = depth

30 Classification of Guilies

An early classification of pullies of south-
castern Nrgeria {Grove, 195 1a) was into two -
slope zulhes and those due 10 groundwater
emergence. Ezechi (1987 classified gullies in
the same area mnto three - base level, scarp and
incidental gullics. Overlaps are evident in
these classifications, From held evidence,
every gully in the project area has a head that 1s
clearly a scarp and a mouth that opens up to a
base level which is another, usually larger,
gully or a drainage line that reccives and
conducts away the debns. Gully inception
requires a trigger, natural or anthropic; in other
words, a gully can be incidental on natural or
artificial trigger.

Classification of gullies in subtropical areas.
especially in northem Europe, 1s commonly
into two - permanent and ephemeral (Poesener
al.,, 2011). The apphcable defimtion of
gullying there is that 1t 18 a process whereby
runoff accumulates and often recurs 1n narrow
channels and, over short periods, removes the
soil from this narrow arca to considerable
depths. Permanent gullies (also called
classical gullies) would here be defined as

(8

b8

2)

those o deep to eliminate with farm tools and
mav be up to 30 metres deep. Ephemeral gullies
are those carved by concentrated flow and are
deeper than rills but less than permanent ones,
and can be tilled over with farm tools, only 1o
reform m the same location by subsequent
runoft.

The National Geoharards Momtoring Centre
(NGMCO) while recogmizing and respecting the
criteria used by carlier studies, ¢lassities gullies
hased additiomally on activity, i.e. whether a
given pully 1s still progressing (headward and
lateraily ), or the gullving processes have ceased
and the eulhiabic sides stabilised, whether
permuinently or metastably?!

3.1 Gully Model

Several explanations and maodels by various
authors allude gully erosion m the humid tropies
15 solely due to water hvdraulics.
concentrated runoff flow rate over and above a
critical threshold force just sufficient to cause
incision a concept proposed by lorton (1945,
cited by Poesenet al.. 2011) and the force is
expressed in terms of boundary shear stress
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Fig. 5.A sketch modelling the gullying processes
identified in southeastern Nigeria (after Nwajide,
2015, pers. com.)
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3.2 Gully Erosion Facilitators (Triggers)

Soine conditions or factors must be present i
guliy tooccur. These factors are relerred here as
trigpers, amd they include: Subseration which
includes  hedrock, soil, topography and
drainage. The other factors are  efimaic,
vegetation and man'y activities. The common
undesirable attributes of these factors precursor
significant soil foss, have been summarized in
Table. 1. The present discussion recognises the
separate contributtons of the dramage
characteristics as well as the reaction of the
bedrock)
outcropping or mantled by autachthonous soil

country rock ({fe. whether

when subjected to gullving forces,
In Nigertan southeast for instance, pullving is

almast exclusive to four lithostratigraphic units
the Ajali, the Ameki-Nanka, the Ogwashi

Asaba and the Benin Formations. Their
disposing characteristic 15 their

overwhelmingly sandy composition coupled
with their very low dingenetic state despite they

ages that range i milhions ol vears.

Tablel. Guilying facilitating atiributes of the
study area
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since every ithologic exposure s erodible, the
susceplibility of a lithostraticraphic unit 1o
vield to crosive lorees resulting in remeval of
sail or bedrock o un extent that cannot be
ploughed through cven by farm nachines
should be referred was zalfiabiliny.

Another property though not Lo have featured
prominently in the consideration of erodibility
m general and gulliability in partcular s
texture, especially graim size ol the bedrock.
This property 1s commonly trunsmitted to, o
mherited by, regolith, especially the laterite
sonl horizon. Erodibility s generally enhanced
by the granularity ol the substratum. In effect,
clay particles tend to cohiere and resist erosion

Gully processes could be said w obey two
physical principles: (1) the second law of
1967),

which states that there is always o tendency i

thermodynanues {Angrst amd Hepler,

nattural systems towards a spontancous inerease
in the amount of cutropy, and (23 Le Chatelier
principle which helds that 1f a constraint is
applied to a system i cquilibrium, the system
adjusts 1o a2 new cquilibrium that tends to
counteract the copstraint. However, when
apphied to gullying phenomena, we realise that
while entropy increase apphies to pully heads
{Fig.6a) cquilibrivm restoration operates at the
mouth, Le. around the base level whoere sidewall
oradients have heen substantially  lowered.
sully depth v mimmun, and the slopes are
fmvellimgoutli Fie Hbyg,

320 Topowuraphy: A crosion facloreonsists
ol slopes the relevant sspects of which are the
1 L i I T ¥
angie, fencth und shape by penerad. high-anzle

stopes cenerate more volumpious runodTs then
senlier ones suiee the downslope aspect ol thie
fovee actine oo the water molecules increases
with higher gradients. As shown by 1lolv
(19RO} crosion intensity 1s proportional ta the
syuire of the slepe gradient. Longer slopes
allow lor mere nfiltration especally durine

lpa-inlensity storms, thus achiesine reduced



soil doss, Bub Jor higher-intensity storms. | combating erosion m generul. However. while
punolf mercases progressively downslope and | fibrows roots function as binders and facihtators
if flow is concentrated. gallying connences. | of seil crimby straocture formation, the deeper

e | penetrating roots of higher plants may actually
s -.|':-CI'|I|‘-\'._' ol the soil foundation = the

bedimck e f)

308 Nan: plavs an ambivalent i role as
croswon dnpeer. H1s unavondable wo elea
vegetation  for farming. urbanization,  roud
construction and ather land uses. This pats the
ceosysiem 1o disequilibriun. Gullyimg s thus

one ol the reactions of the disrupted cquibbrial

Fig. 6ia] Gully hu.lul — 4 selting for spontancecns
breakdown, (L) A pully mouth ilfustrating 2 sciliez |
vestoring cguilibrinm

COMPOents i the process af T."}f’il‘.%r Wy TeCover,
i L reaciion o his action on the ecosystem, man

device: o liost of combat measures 13 the

3.2.2  Drainage: Has two [unctions — crosion

: . S O seowge It s often oo Tistle wo late, Coupled
und transport ol materiols, 1018 notewaortly Lual Eae . _

; willi the tendency for gullving w be incurable.
the headwaters of many draimage lines cmerge -

. ; : the result s the kingd ol disastrous soil and land
from sullics. On the other hand, most gulbes

Tass well known in southeasterm MNigeria,

have persmnial river channels as their hase
levels, To thns extent therefore, most gullics arc
the dry extensions of diainage lines and conduct
flood waters only dunng or ‘.I'l'l]'l]k_":_'.:d['x‘.'}' afler
rain storms. As an crosion agent, pluvial action
cffects corrasion, deepens lhe gully dloor
undercuts the sidewalls and widens the gully by

facilitating mass movenments

3.2.3  Climate: is the critical element that
impinges direcily on the substratam by way of

I‘”'C'-"-li'linlﬁ(‘ﬂ"J e effeet grosion as well as Fip.4. Tree roots disrupting bedrock and thes seting

infuence odbier fpcrone. Porimslance, ipsobation | as a facilitator of crosion

15 essenital for the Jdeveiopiment and sloammy

in a review ol suliics in five state of MNigeri

e ‘fk‘i:'t‘.::lri-:nh the fommauion of clowds: then

across the various climate zones of the country

movemenl, and evential prec

and traversirg e hwo ajor n clisaes —

hasenent and, sedimentary, Alichi ¢t al (2014)

1.2.4 esetafion: niginly proidas RTAER . ' - R

: v ' LEOTL TR ] ety M i foond v e cogative:  umpacl ol human
substramim  froo dbEET mEtier gl e 5 " :

st 1 i b LEROE boachndities on the Jaod acecounts tor the

raidimy Ehe '\_"Jl..j..'.‘:.l a1l

clements, especally witahon of most of the gallics documented in
~ancentrated [hany <5 alaes A AL (ELIAN | = ] e i f
comeentrated  flow 75 alse attenvatzd by e cies: These inelude improper termination

vegetation, specially e arassand ot ll I of ctorin diains and culvert gutiers,

nciseriminete sand quarmving, avergrazing

|
stenids as well as lead liter 1 te oflee the mam |
far hath preventan atd |



bush fire and improper farming practices.
The most important across board anthropic
tngger is  amproperly  terminated  or
insufficient storm drain, for example Fig. 9. It
was discovered that about 42% of the gullies in
Gombe axis where anthropically triggered;
about 71% in kogi; 62% in Enugu and about
51% in Abia State; all together constituting
over 65%. Further break down indicates
contribution from concenirated overland flow
(s) as 40% in Kogi, 22% in Enugu and 44% in
Abia. High slope gradient (h) (slope angle
above 55%) constitute as follows: 4% in Kogi,
15% mn Enugu, and 5% in Abia. Contribution
from civil engineering (e) is 45% in Kogi, 46%
in Enugu, 43% in Abia. Mining activities (m)
m  all cases constitutes <4%, whereas
cultural practices (c) contributes evenly in
all the states about 14% (Fig 10). The high
percentage ol anthropic triggers relative 1o
natural triggers indicates that much of gullies in
these areas could be avoided or minimised if
proper 1mpact assessment and environmental
friendly ethics are carried owt in out in
planning and management of duclapmental
projects and land use.

Fig 9. Gully trippered by an i:n;:r«:nm:rlg.r lermm:rul
storm drain

Gally Irigger type KOS Cotic e e g Grelly Uriggee Type b St

-. W pully troggers Ada S

Fig 10. Comparative summary of the impact of
anthropic and natural factors on gully development:
N= Natural triggers, A= Anthropic triggers; ¢ = civil
engineering friggers, ¢ = cultural triggers, h = high
gradicnt, s = surface runofl, m= mining activity,

4.0  Gullying mechanisms and products

The processes involved in defining a gully may
be classitied into two: thosc lengthening a gully
and defining its trajectory, and those expanding
il. The former set of processes, designated as R,
(hcadward retreat),results in the incision of the
ground surface, in some cases leveraging on the
rilling stage of erosion or breaking the ground a
new, or following an aid in concentrated flow,
such as a depressed foot path or a natural
topographic depression. Once initiated,
progress 18 headward, /e, upslope. It is also
scasonal, since it follows the annual cycle of
rains and dry scason. A close examination of the
headward retreat shows that pluvial action is the
{orce that effects both the initial incision and the
deepeming. Pluvial action expresses in two
crosive ways: shearing action and corrasion.
Shearing action is duc 1o the flow strength of the
waler proper, and is the product of the flood
flow velocity, v, and the shear stress. This
scouring action decpens the incision but

©



achieves mimmmum widening. The other
mechanism 1s cormasion which is generally
defined as an crosional process in which the
substratum 1s worn away by the abrasive action
of the solid materials carried along by runming
water. This amounts 1o the weanng away of the
floor and sides of the channel by the cutting,
scraping, scratching and scouring effects of the
bed load

aided by the collapse of the headwall caused by

Finally, headward retreat is often

the undercutting elfeet of the plunging flond

waters (Fig.1 11a. 11b).

Fig. 11{a).Headward retreat at the pully head effected
by the scouring and undercutting action of flood ow,
{byAn illustration of the undercutting action of
concentrated flow causing headward recession

Gullies studied in Nigeria by the NGMC are
larpely rectilincar in profile, fLe. mostly
approximate to a straight line; a few others are
somewhat curvilinear or broadly sinuous. The
predominantly linear geometry implies that,
from inception, the lengthemng tendency by far
exceeds the widening. The implication of this 1s
that gullying 15 predommantly a headward
retreal or recession process. However, if we
consider so1l and land loss, the widening
process becomes wvery significant. The
deepeming process may be determined from
onset by the base level as the datum deeper than
which the gully cannot ineise. The rather very
imposing visual impact of gullies 1s due to the
widening perhaps more than the lengtheming,
Uhis widening 1s solely due to mass movement
(M, ).

|

It would be uwseful to look at the gencral

principles. of the kind ol subaerial mass

movements imvolved i ogullving. In some
localities, the soil surface shows en echelon
cracks parallel to the rim of the gully wall
These cracks actually demarcate the blocks that
would move gext { Fie 1 2a) Such cracks not

bt

only define the movable mass, also
facilitate the movement by serving as the
crevice through which water sceps and

lubricates the movement,

Fip. 12{a). Tension cracks on ground surface paraliel
to the rim of gully wall (b). Slumping on a gully flank
wall; note the undisturbed form of the upper part of
the slump mass (¢} A succession of slumped masses
forming terraces on a gully wall (d). Dehris flow — a4
mass movement at the golly edge

Slumping 15 perhaps the most frequent Kind of
gully-widening mass movement observed in
the study of gullics of Nigeria. It is commonly 4
kind of downward slide, accompanied by some
degree of rotation, along a curved surface, with
at least the upper surface of the moving block
relatively undisturbed Fig 12 b & c). However,
although initially intact, every slump muss 15 on
its way down the gully wall to final
disintegration and transportation by
flow along the gully floor to the base level

pluvial

P
(86)



Rocklall oceurs when a chunk of rock detache
from the top of the pullyv wall and drops or roll
down e sleep slope W the gully floor. Thi
haprpens even o dey weather and 1s ollen the
Feast muoist and Lastest inmevement, Depending
o the shape of the gully wall, the p
decimidate inte a talus heap (Fig 1 3)

ervacuation iy the subseguent epraodes of storm

LOUCS TER Y

walerdiseharee,

4.1 Impacts ol gullies
Cully has been observed to be a major driver of
rock
hydrologie cyele, making

the cvele, largely powered by the
iLa very nnportant
veclogical process. 1L exposes new lavers ol the
hedrock as a basis for the Tormation of new soil
Lrosion assists in concentrating heavy munerals
[rom ther disseminated mode of oceurrence in
their parent rocks. This way, placers like tin,
gold and other precious minerals become
economically recoverable. It has recently been
realized that when soil is eroded it carries along
some amount of carbon, a noted greenhouse
nearby  wetlamd
areas, Thisis considered highly beneticial since
wetlands impound carbon for long penods of
time which 1s a nature's method for fighting
global warming. Erosion has in many localities
around the world created awe inspiring and
spectacular scenerics, such as caves and
badlands, some of which are revenuc-carming
geotouristic destinations. Also to be regarded asy
beneficial 1s the fact that gullying exposes soil
horizons and, insome localities the bedrock, for
close field study and samphing by pedologists
and sedimentologists (Fig. 14)

element, and deposits 1t in

Fig 13 Tulus heap accamulated on gully floo |
Fig, 14 Geologists studying o section exposed by a |
eullvat Ldi, Enugu State |

revertheless, they remam environmental and
ceononie disasters somuch soas w campletely
s ndieated ahove

aullity whatever henafits

Cillving represents the exdrame: form ol
groston and. in mast part of Nigeda especially
sondtheast 0 goes far-bevond the backgroand
evel

The World Bank (1990) recognized three main
covironnmenta] problems Tacing MNpera: soil
deeradation and loss, water contanunation, and
desertification  associated  with uncontrelled
deforestation. In more specific terms, there are
at least six main concerns: gully  crosion,
coastal crosiwon, [shery loss, wildhife and
hiadiversity losses, air pollution and the spread
of the water hyacinth and nypa palmn, Gullving
contrihutes in one way or the other, dircctly or
indirectly, to most of these problems and causes
damage to the nation estimated i 194940 at 5101

million perannum.

The adverse impacts ol pully crosion in Nigeria
could be grouped as: land loss and sol loss,
landed property loss, infrastructure loss, and
waler siltation.

4.2

According to Brown {1984, s01l loss over the

Soi1l and Land Loss

Earth surface due to erosion amounts o about
25 billion tonnes per annum. In the study areaa
major nnpact of the vanous types of crosion 15
soil loss, especially from slopes with scanty
vegetal cover, This results in loss of nutrients
and impoverishment of the soils, Even maore
significant 15 the loss of land due to gullyving.
This 15 by far a more serious impact of erosion
since 1t means a complete deprivation of access
to the gulbied areas. The most important kind of
sotl and land loss 15 the rendenng of large tracts
of territory completely  mmaceessible  and
unusable for agnculture, residential and indeed
any other kid ol Tand use (Fig. 13)



Fig- 15.fefiBadlands terrain in the area underlain by
the sands of the NankaFormation in the hanka area of
Anambra State, righi;Badlands topography in the
area underlain by the Ajali Formation

4.3 Landed Property Loss

Eitect of gullying becomes much more
agonizing when landed property such as 4
domicile or ap institution is destroyed fully orin
part (Fig.16) In many cases the affected
buildings might be a serics ancestral homes built
far in the past when no risk of the sort posed by
sullying was in any way evident, but now lying
within the area of influence of an aggressively
advancing  gully. Eiforts at stemming  the
impending disaster are often too feeble too late,

Fig. [6a. Destruction of landed property at the lanks
of a pully, Afikpo, Ebonyi State, b.Hemnants of a

destroved mansion, Urualla, lmo Srate, o
Destruction of landed property along the path of the
headwardprogress of a gully, Nguzubdda, Ebonyi
Stuate, d. An illustration of the defant stanee of some
alfected families - staving put in the face of very
obwious daneer, Ekwuolobia, Anambra Staic.

(88)

4.4 Infrastructure Loss

This kind of sully-induced destruction s
commonly  visited on basic  lacilines  and
installations needed  for the functionme ol

society and running of civilization. The best

known and most susceptible objects are roads

(Fig.17)

Fig. 17a. A gully of the Nkisi drainage system
undercutting the Onitsha - Enugn expressway al
{dnitsha: note communication cables exposed, & A
water pipe exhumed by a shallow gully, Freagu,
Enugu State, ¢, Power transmission line under threat,
Ekweghe, Nsukha, Enugu State, . A felled power line,
EdimCap, Calabar, Cross River State

4.5
A part from the already

Water Source Siltation
discussed mmpacts ol
pullying which are attendant to the mas:

movemenls imtiating, lengtheming, deepenimg
and widening the pully. the main destruchive
process s the deposiion of the cvacuated
material resulling i waler source sitaion an
the smothering of farm crops. The real impact s
the deprivation these consequences Mmass
movements visit on the people, especially the
village folk who are already at the lowest scald
ol material well-being. Anexample of cach casc

s shownin ligure 18




iz, 8o Yeoter soaroe siliedd ope e todegosition of mute il
erived from ness moveiments af Tdim kot ERfom, Ciross
Hiver State, ol low aof bedlosd over the Alor —Abatele road;
e be crosion nbhe road o dhe ledt.

5.0 CombalAclivities

L evels olcrosiom contral activitics seale up frein
the indrvidual houschold thrangh community o
lowTn 1o the three liers of covernment,
somewhtab its ow level s loreign assistance

from riendly first world countrics, bul mnst

importantly  from United Na
notabhly the World Bank and Food and
Apriculure Organisation. In o peneral way, the

Qs agencics

contribution of the mdicated  levels mav
corrtkie with the above sbiled hierarchy af
st interms ol inereasing sophustication and
mieney. Ior the individaeal ouscheld situated in
the rural ares, whether there 15 a threat of
pullving or not, the instimnct s oo minimise all
forms of crosion by rn water, The illustrations
below (Fig 149) depict various levels of existing
activities at combating the menace of gully
CIOSI0T 11 N 12er.

big 1% wvarious ievels of existing oully combaer

MCAsUres: do raen faryestime to irpoond water, e
slope stahilisarion with sand hags, o incffective
comnunity clfert at stabilisiog a pullyving carth road,
d. diversion of runafwaterinte cateh pirs,

A Recommendations on (Combat
Strateoy —Inteerated Approach

Indrvidual house holder should reduce impact
ol precipaation on premnses, harvest water,
contain  excess water within premises to
mintmise the threat to housing toundation. On
the community level. maintenance of rural
roads and sumps for lood waters, enforee local
rules on containing flood waters within
houscholds: apply 1deas from enlightenment
efforts of higher authonties and experts esp. on
farming methods in order for early gully
mception detection and elimination. NGOs
should Harse with communitics an appropriale
combat strategics; stimulate combal activitics;
source  funds, expertise’technology.  Local
Government authorities to oversee  above
activities, undertake simple reclamation warks,
emphasise soil conservation andgully
prevention in enlightenment campaigns; ensure
ElA is carned out for every serious activity
impacting the environment. State Government
should use diverse expert arcas to study and
understand the geohazard prior to design and

89
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cxroeubor ol rermedial aworks: asscss desree ol

:_"I_I_ll\'ll!';:' hehanealls and determm ikl
v T l

OV 11

Lhpees 12Tl Lize el

Apnraprate; o i b

aitpers: Gondikt 1A T

avveiapnicniial propeet mpaeing ]
the  crvironment.  Faders| (aover !
PivivieliE the aliecotle 3 0mes e B!

SOSAL Mmstaesol the Foviommem Wil
and Aerivoliuee) with appropiate and wdec asl
eitdiemenl Wensure proper stidies, desie: '
CONSIUICIION ol eomilpal don ers: sattrce Tureign
expertisr, funds and wéhnolosy tor |

pomprehensive: combut ensare s
1 fie s b

apphcition ol ecolopival furnds

The miethod of combat should  ensure

appropriate ype ol control s applied from chip
o expensive approach. Also, use of all possible
areas of techmeal expertiscand technolowy,
local and  [orelgn: gepscience, agronomy,
engincering should be spproached 1o ensure
success of control measures. Fmally, judicious
Budgeting for combat activitivs: tght controlled
and supervised use of ecological fundz as well as
funds Trom denor sources 15 recommended for
better result on gully control effort and value for
money.

Conclusion; The study of gullying which is
intended to fully understand 1ts antecedents,
triggers, and mechanisms should involve
pedology, agronomy and geoloey (especially
geomorphology and geotechnics). This forms
the basie multidisciplinary approach articulated
herein forcombating the scourge, The schome s
designed to facilitate the forging of the synerey
required for slemming
n and
rehabilitation of large

the ferocity of gully

Erosion ald in the recovery and

of devastared
territory, Cooperation among the disciplines
will avert the common incidence of failure of

racts

contral measures and ervilstructures desigined

sdovensirocied smlele on the bBasis o Lol
il 1T | | il { [
1 REAAS] | Foe | i
| | i Y
{
el i |
(il 1y 1l !
it N[ | | |
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