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Séctor Report:. Cﬁapter 7
Gullfl:‘tosidn and Flob& Controf |
.I.’art 7A  General Bac.kn_:.;r_oun.d

TALY flood aﬁd Drainage P.rdblem.s
7A.1.1 Geneial

In Nigeria, serious pfbbl&ms associated with flooding are generally
limited because of the country’s geomorphological characteristics comprising
mainly plateaus and plains with generally gentle relief. An exceptional case
that once oceurred was the flash flood in the Upper Benue Basin caused by an
inadvertent discharge of water from the Labgo Dam, located in the upstream -
reach of the Benue River in Cameroon. ‘The international rivers such as the
Niger and the Benue are vulnerable to an accidental flash flood of this type, for
which the FMWRRD has initiated a comprehénsiVe-study'. Therefore, the

- subject is excluded from the scope of Chapter 7.

Wetlands which are susceptible to seasonal flooding, are widely
* developed in the Lake Chad Basin, the Coastal Plain including the Niger Delta,

and the flood plains along major rivers and their tributaries (Fig. 1), Their
phys:bgraphlc features are. descmbed in detail in para. 3B. 1. 4(1) An
appreciable part of the wetlands have been traditionally utilized for paddy
fields during the flooded, wet season, for- résidual soil moisture cultivation
during a perlod following the wet season and for irrigation farming during the
flow recession of the dry season. Therefore, flooding can provide benefits to
‘some of the inhabitants of the wetlands with their -housing areas located at
elevations . normaliy higher than the maximum water level during the wet
season, Never-the-less; the wetlands in. the depressions or backbasins behind
natural levees of major rivers in the Coastal Plain are generally susceptlble to
_ fﬂooding due to the relatively long lasting wet season.  In addition, problems'
associated. with floodmg have become more serious in recent years due to
‘accelerated urbanization. as populatwn increases rapidly. Recent urban'
‘developments have tended 10 be implemented wnthout taking account of
'adequate drainage systers and have given rise to adverse problems such as
rainfall runoi‘t‘ ﬂoodmg, supply and deposntnon of excessive sediments in river
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channels, and acceleration of soil degradation in the upland areas. River
courses in the coastal plains, inland basins and flood plains extremely meander
and often form braided river systems developed with interconnecting
tributaries across unstable sandbanks. Bank erosion and river bottom
scouring, which are particularly severe at bends in river channels or at
intersections of interconnecting tributaries, are further accentuated by
sediment accumulation due to excessive discharge from Urban areas and result
- in changing water courses that threaten housing_areas" with flooding. ‘Bank
erosion is also caused by tidal waves or waves formed by river traffic; Estuaries
and tidal flats in the coastal plains become increasingly vulnerable to ﬁooding
and bank erosion by tidal waves as mangrove and tropxeal rain forests are Iosl;
due to progressive urbamzatlom ’ '

“In the North-East Regmn, which belongs to an arid climatic zone with
limited rainfall, seasonal streanis (wadi) often wash away roads, brldges,
abutments and other surface structures and intensify sheét erosion causing
watershed deterioration. No serious flooding probleins have been reported in
the wetlands within the Lake Chad Basin. The problems in‘the Basin are
mostly associated with the severe recession of the lake water due to climatic
change since the late Pleistocene. -

- The flood and drainage problems, as above described, are inextricably
linked to recent urbanization and are closely related to soil erosion, resulting
watershed deterioration in the upland areas. This ch'aptei* deals with the flood
and drainage problems as well as the soil erosion: problems w;th special
emphas:s on watershed management

7A.1.2 The Niger Delta

The shape of the Niger Delta is the characteristic delta foried by the
distributaries and ramifications of the original Niger River when it approaches
the Gulf of Guinea. ' Along thé river; the rangé between the average 1ow and

~high water levels increases when going downstream to a point_xi:hich-_is'ealled
the apex of the delta, where the range starts to decrease: u‘ﬁti’l it reaches the
tidal range of the sea into which the river discharges. It wiay be seen that -
according to this definition, an apex of the Niger D'e_lta_'ié situatéd*near5the :
village of Aboh, Delta State. Below Aboh; the aspectof the Niger River
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changes the bifurcations, ramifications and meanders begin and about 250 km
downstream from Aboh, the nger River reaches the ocean through numerous
outlets, as are depicted in the Satellite Tmage Analysis (Vol. Five of this
Report).

Some of the sediments which are transported by the Niger River are
deposnbed on ‘the low-lying banks of rivers and creeks of the delta, but the major
part is dlscharged through the outlcts expanding the Delta into.the sea. The
upper layers of the delta area may be divided into three parts:

- Sandy area, seldom ﬂooded along the ngers dlstnbutanes
_extendmg some 100 km downstream from the Delta apex is an
3 © éxtension of the floodplain as found along the Niger River, the only
' -+ difference bemg a gradual inerease of the silt and clay content
resulting in a more erosmn _resistant bank material. With
- somewhat braided river-bed, at the downstream from Aboh, the
.. river changes into an undivided channel with a strongly
meandermg course until a few km below Samabri, the nger River
forks into the Nun and For¢ados Rivers, each of which in turn
bifurcates again and again into meandering river branchés and
- enters the tidal swamp area.

.7 The mangrove swamp area covers about 10 4% 10% sq.km alt‘mg 400
km of the coastline. The semi-diurnal tide with an average range of

1 m in the western part and increasing to 2 m in the eastern part of

~ the Delta enters the swamp area through some 20 entrances. The
- creeks whlch mtersect this mangrove-covered muddy and hardly
o ‘inhabited arca seem to have an avérage depth of 10 m and the tidal
g : . discharge to affect their respective widths, Asa whole, these creeks
' . i arenavigable except for some sharp bends and shallowmgs where -

- the tldes meet.

.- “'The strnp of sandy rldges separatmg the mangrove area from the
" . seavaries in width from less than 30.m to 20 ki, these ridges may
- be shght]y eroded from the landward-side by the creeks of swamp
- area, and their size and shape are mainly controlled by the erosxon
o and accretmn forces of the lltboral drzft R

. Wlth the exceptlon of the mangrmre swamps ‘where trees grow only
\fhalong the borders of creeks, an enhre area of the Nnger De]ta is generally
' overed thh a dense vegetation whx!e the annual rainfall increases when '
- moving from the apex toward the Delta coast Tt may be observed that the Nun
' RWer formerly a navxgable river has suffered deteriorating shipping
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conditions due to a disproportionately large sediment traﬁs’pdrt from the Niger
River. As thé Foreados River receives more water, and thls river offers the best
“navigable conditions. . ‘

The Niger Delta like any other delta has been built up by the
deposition of _s'ed'i'r'nent due to the decrease of flow velocity as the inflowing
rivers enter the Gulf of Gui'ne'a,"a larger and calmeér water body. The resuliant
topography is of very poor slopes 1eadmg to numerous crlsscressmg
distributaries and estuaries with proneunced meanders “This vast riverine
area is rich in agricultural pobentlal with large annual rainfall, gentle wind
- and fertile soxl The delta is also rich in forest and marine resources as well as
contammg the bulk of ngern s reserves of crude oil and naturai gas The main
topographic feature of this area is the levees of rivers as the highest land
sloping gradually away from the river banks to lowlands called “backswamps”,
Such backswamps are usually filled durmg the floods as the level of water rises
in the river channels, leavmg only a narrow stretch of unsubmerged land
between the river, banks and backswamps It is on such re]atwely flood-free
stretches of land that the inhabitants have settled and built their houses. Tn
the lower Delta and coastal areas, however, large expanses of land are
inundated during the months from August to October, while at other tnmes,' _
such areas are periodically mundabed only durmg the high tides.

Some reperts mdlcate that over 700)(103 ha of arable land in the
Nnger De]ta particularly in the Nun and Forcados River areas are rendered
"useless due to annual floods which occur during the high water level season
~lasting 4 to 5 months." During this period, the river level rises up to 10 m
thereby overflowing their banks and submerging thousands of hectares ‘of
valuable agrlcultural land including towns and villages for nearly half of the
year each year, By the effect of annual ﬂoods most of the tewns and villages
| along the Nun and Forcados Rlvers lose an average of 5 010 m of land yearly
along their shores while others are forced to move to new snes When the flood
‘water level recedes, it creates the attendant problem of soil eros1on ‘I‘here is
the erosion caused by the seepage of rain water and large collectmns of
stagnant water behind the towns wh:ch seep through underneath the towns
_and dissolve the alluvnal soil and cause severe erosmn even durmg the dry
season In addition, there is the erosion caused by the wrrentlal rams over the
nger Delta Wthh wash away the surface soil,
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The Niger Delta Development Board (NDDB), the predecessor of the
present Niger Delta Basin Development Authority (NDBDA) was created in
1961 to pay special attention to and solve the peculiar problems of the Niger
Delta ineluding the challenging problems of flood and erosion. In addition, the
River State Universily of Science and Technology was established to meet the
challenges of environmental protection and development. While the Niger

~ Deltahas contributed a greater part of the FGN total revenue through its crude

oil resources, the FGN and the Rivers State have not yet shown any physical
evidence of the completion of any substantial flood and erosion protection works
in the Niger Delta, It is quite apparent that no significant development could
be carried out in the areas of the Niger Delta affected by annual flooding and
erosion in terms of agriculture, social infi-astructures,- industrialization and so
forth, uanless the probleni_s‘ of floods and erosion are mitigated and controlled,
The combination of flooding and erosion which affect the N iger Delta is unique

~and will require unique solutions for its control,

- It should be noted that the deltas all over the world have been
thoroughly developed for their wealth of resources for centuries. The
technology of flood control embéﬁkments initially in primitive and indigenous
mode and subsequently improved and upgraded has been extensively utilized
in other large deltas of the world such as the Mekong, the Irrawaddy and the
Mississippi. But unlike many other deltas, the Niger Delta is about the least

~utilized with regard to its potential for large-scale agricultural development.

The factors militating against such development may inelude the difficulty of
access being mainly by water and the non-availability of large tracts of flood-

“free land. In addition, it may be mentioned that there might have been the
‘sociological ‘and cultural restrictions on what may appear to be feasible

solutions based upon purely technical considerations.
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“7A.2 Soil Erosion Problems
7A.2.1  Introduction

Soil erosion has affected human life in various ways such as (1)
watershed deterioration threabemng the nation’s water resources, (2) damages
to and losses of farming lands, residences and urban infrastructure enforcing
resettlement of resuients and relocation of surface structures and (3) excessive
sediment accumulation causmg floods, bank erosion, scourmg and interference
to river navigation. There has been a long-standing search for remedies to soil
erosion in Nigeria. It is reported that initially these efforts were half-hearted
but lately have been feverish. The search formally began in the early 1920s,
and it has led to a wide range of measures conceived and executed by an
assortment of agencies. With all the efforts, however, the results have been
generally unsatisfactory mainly due to lack of édeq'uate legislative provisions
against erosion- mducmg activities such as disorderly natural resources
expleitation, and regional and urban development in erosion-sensitive areas,

Nigeria is situated mostly in the climal;ic zones of tropical rain forest

and savanna with mean daily temperatures and annual rainfalls ranging |

between 20°C and 32°C and between 2,000 mm and 3,000 mm respectively, and
belongs to one of the regions considerably susceptible to'erosion in the world
" with estimated annual soil losses ranging between 1,000 and 2,000 tons per
square kilometer (Fig. 2). The climatic zonation of Nigeria'is illustrated in-
Fig.3, together with the distribution of erosion by types and intensity, The
country can be divided into seven climatic zones mainly according to annual
rainfall; the six east-west trending belts, from the north to the south, (1)
semiarid, (2) dry-subhumid, (3) subhumid, (4) humid, (5) very humid and (6)
ultrahumid zones and the one centrally located (7) plateau zone, The
characteristics of these climatic zones are summarized in the table below.
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. Characteristics of Climatic Zones :
{Quoted from FAG-World Bank Report 89/91 CP NR 45 SR, with modification)

T“ge(;f r ~Wet Season ‘Mean Monthly Temperature
nnua e T o T ——
Chmatic’l;éne §‘_Ramf‘ail(1) " Month (2) ' iLength ! Max(3) iNormal(4}: Min.(5)
i o mm) i {days) I (0°C) | (0°C) : (0°0)
Semiarid  { 200- 4005  Aw i 80: 40 G 32.22 [ 13
Dry-subhumid | 400 - 800: JLAu : 96: 39 ! 31-21 @ 12
Stbhumid i--400 - 1200 :dn,J), Ay, Sp'i 150: 37 1 30-23 14
| Humid : 1200 - 1600 dn,dLAu, | 200i 37 ! 3026 ! 18
' E i5p, 0c oo i -
VoryHumid | 1600 - 2000 i Ap,My,dn, | 250; 33 | 28.24 | 21
o P ILAW,SP,0e : o D
Ultrahumid ~ § 2000 - 2200  Mr.Ap,My, | 300! 32 { 28.25 : 23
. . . : E .': § Jn,JI,Au‘ R ; . H : L
:8p,0¢,NV .. ! S ,
R e oo 20 31 1 24-20 1 0 14
Platean 5 1200 - 1500 EJn,'Jl, Au, Sp : I '
Note: (1) BasedonMap6(lsohyta])mNWRMPDataBaseMaps

‘{2) Monthsinwhich rainfall exceeds potential evapo-transpiration

) - ']'hg highest monthly mean of maximum daily temperature

(4) The highest asd lowest inonthly mean ef mean daily temperature
" (5Y The lowest nignthly mean of miniraum daily temperatuore

The semiarid and dry zones in the northern part ave characterized by

" severe wind erosion, white the humid zones in the southern part are dominated

by notable sheet and gully erosion as well as coastal erosion along the coast
facing the Gulf of Guinea, In the climatic zones in between, erosion appears to
be relatively modest with generally localized slight to moderate wind, sheet
and gully erosion except for limited areas of severe sheet erosion in the eastern
part,  Areas affected by erosion of various types and mtensu,y are estnnated for
each HA based on Iug 3 and summarlzed in Table 1.

Wind et_'oSion;in 1ts nature, is not as damaging as sheet or gully

“erosion in terms of soil losses, but is extensively developed in the northern.

states (1IAs T and VHI) with censiderablé intensity. It must be noted that

“rainfall concentrabes in'three to four months in a yéar with maximum monthly
' ramfalls es&ceedmg 250 mm (rel‘ Table 3, NWRMP Water Resources Inventory
'Survey) Numerous éeasona] streams (wadns) form in the wet season, which

enhance ramfall runoff erosion and caUSe damage to surface structures.’
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Sheet erosion which slowly removes thin surface soil layers by rainfall
runoff down slopes, often seriously. affects cropping because the erosion
predommantly removes largely fine partlcles which effectively hold water and
nutrients in soils. In addition, the mtegrated soil losses by sheet erosmn must
be tremendous because of its widespread dlstnbutmn in ngerna To make the
situation worse, the recent -accelerated land development urban or
agricultural, has transforined a: sngmﬁcant areas of vegetated lands into bare'
ground highly susceptlble to sheet erosion,

While sheet erosion is most 'widespi*eed but least perceived because of
its slow progress, gully erosion is, in contrast, very limited in its areal
distribution but disastrous because of its rapid progress. Catastrophic
occurrences of gully erosion are observed in the States of Anambra and Imo
where the combination of sandy soils, widespfead deforestation and hi'gh
rainfall runoff accelerates progress of gully erosion. On a perfectly innocent-
looking and benigh terrain in these areas, a gully can start off without warning
in heavy over-night rain and, within only a few months, grows into a
monumental gash some 100 m long, over 20 m wide and 15 m deep. Although
gully erosion accurs in all the HAs as indicated in Table 1, severe gully erosion
is confined to south-central states in HAs V and VIL As of 'Se'p'ten'iber 1989, the
Federal Ministry of Works and Housing had identified 550 active gully erosion
sitesin the States of Anambra and Imo.,

- Atthe present time, the natural envuonment of Nigeriaisina state of
a vicious cycle of ferestry degradanon due to soil erosion and of soil erosion due

to forestry degradation. The JICA Study . on this occasion indicates ‘that the . '

forested arca has decreased from 16.4X10° ha in 1980 according to the FAQ-.
UNEP study to 13.7X 105 ha, including mangrove forests, based on the records |
in the period between 1984 and 1991, Accordingly, about 250,000 ha of forests
or at an annual rate of 1.8 percent; have been lest every year by logging
'actmtles and various types of er¢sion. ‘The present area of bare ground, bemg
7.9X10° ha or 8.5 percent of the country, will reach 14.8%X 108 ha or account for
16 percent of the entire land due to loss of 6.9 105 ha of forest at this rate by | ’
the year 2020, In the South-East Region where gully eros:on is extremely _

active, forested land occupies 2.8% 10° ha or 25 percent of the region at the

present time. However loss of 1 2% 108 ha of the forested land is antncnpated by
the year 2020 if the present rate of forest destruction continues, and will result
in an increase of bare ground to 2.6 X 10° ha or 22 percent of thé entire land. .



- This NWRMP has paid special attention to gully erosion control
measures in view of conservation of the nation’s water resources within a series
of water resources management issues. As a matter of fact, the Federal
Department of Soil Erosion and Flood Control, which used to he the Water
Resources Sector of the FMWRRD but has been transferred to the FEPA since
March 1993, deals with gully erosion contro} in terms of c¢ivil engmeermg'
works as one of the important policies in enwronmental protection, while the
Federal Department of Agrlcultural Land Resources and Forestry is concerned
with land resources management including soil conservation operations
particulérly in agronomic terms.

7A.2.2 Definition

* Soil degradation is defined by FAO as “phenomena which result from
processes reducing the capability of soils to produce or to create useful
materials or services”. the processes are classified into two categories; a) loss of
soils and b) change in quality of soil components. - Soils comprise clastic
materials covering the land surface and are unstable on slopes tending to move
from higher lower 'pozsitiéns.: Types of soil movement ¢an be divided into
_surface erosion and mass-movement; the former is scraping of surface soils by
wind, water and ice and the latter is movement of massive soils by gravity. The
_surface erosion is further classified into wind, sheet, gully, coastal and glacial
erosion. The mass-movement includes landslide and debris flow ¢aused by
infiltration of water into ground and/or rises of groundwater levels. Steep slope
such as gully walls formed by surface erosion are susceptible to mass-
movement. The term ‘soil erosion’ in this report includes all the types of surface
erosion excluding glacial erosion and mass-movement:

| Soil erosion occurs under natural conditions (natural erosion) but is
often accelerated by destruction of vegetation or disturbance of surface soils due
to urban and regione‘il development (accelerated erosion).

Wind erosion is & phenomena in whlch surface clastic particles are
removed by wind. “This t.ype of erosion is dominant in the northern dry-
semnand zones of Nigeria during the dry scason as afOrementwned Sheet
- erosion remove a large area of smls by water runoff and occurs over the entire
B couniry, but with consnderable intensity in the southern highly humid zones.”
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Gully erosion carves ground deeply by washmg out surface soils and forms
out,standmg érosional features in the south- central part of Nigeria.

A gully at an early stage of evosion is ¢alled a nll’ w}uch in general is
scales of less than 45 em and 25 em in width and depth respectively. Soil
erosion is initiated with minor wash-out of surface soils.” As the area of wash-
out is expanded, uneven surfaces with a number of minor depressions are
developed and rills are fornied with concentration of surface v}'ater in these
depressions. The rills grow to gulhes with progressive concentration of surface
waters. A number of rills extensively developed on gentle slopes of bare ground :
are often observed in the North and Central Regions. These rills, without :
growing to gullies, gradually erode extensive areas of the slopes. This process
is one of the mechanisms developing sheet erosion.

Gully erosion does not appear to be correctly recognized in Nigeria and
is often described as landslide in lists of erosion sites or '6thef documents
prepared by RBDAs or local governments. As aforementioned, gully erosion is
a phenomenon in which particles of surface soils are washed out by surface
~ water. On the other hand, landslide is massmovement in which land
destruction under gravity forcesis tri ggered by reduction of particle cohesion of
soils due to a rise of groundwater levels resulting from infiltration of surface
water. Soils washed out by gully erosion are stirred and transported
downstream, while masses of soil are oftén moved by landslide, nmore or less
keeping their original shape. ' Prevention or protection measures are also
different for gully erosion and for landslide. Therefore, these {wo t.ypes of seil
movement should be strictly distinguished. :
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TA.3  JNICA-NWRIS, S1A and Database
7A3.1 “Flood Control
‘The table on the following page indicates the number of Nood/sediment

problem sites together withgth“at of existing and proposed flood control/river
{raining projects recorded by JICA-NWRIS. However, the records are in many

~ ¢ases scarce and are inconsistent depending on LBAs, RBDAs or othér agencies

responsnbie for local river management, because each agency has its own
standards for recogunition of problem sites or specification of flood ¢ontrol and
river trai nmg works.

In general, the wetlands as shown in Fig. 1 are more or less susceptible '.

~ to flooding and have rivers with sediment problems. In particular, large parts

of the Niger Delta and other ¢oastal plains in the lowermost reach of major
rivers such as the Niger and the Cross are subject to seasonal inundation

‘during the wet season. A]though there are no records of flooding/sediment

problem sites for states such as Delta, Rivers and Akwa Ibom, a considerable

“part of these states are inundated during the wet season. In addition to the
| annual flooding, unusually heavy flooding has been recorded in Rivers State at
"~ inlervals of about three years for the last decade. More than 200 villages were

inindated on oecasmns of such high flood waters whlch lasted for two to three
weeks with water levels rising at arateof 5to 7em a day.

“The rivers in the southern states meander forming braided river

_systems and many accompanying ox-bow lakes in their flood plains. Problems
of sedlment accretion as well as bank erosion and scouring are considerable in
braided river systems partlcularly atsh arp bends orat confluences of rivers.
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Flood/Sediment Problem Sites and EXistingiP'ropose'd Projects

(3) NR: _NoRecc-rd

At

Numbefof_ : : NumberofProjecl.
. Problem Sites Existing Proposed
Flood Sediment [ FCQ) RT{(2) FC({) | RT(
Kebbi NR(3) 1 0 0 0
Sokoto NR 1 2 0 0.
Katsina . NR 0 0 0 0
Niger NR "3 -0 -2 2 |
Kwara NR 0 2 1 -0
Kaduna NR 1 o 1 1
Kano NR 0 0 } 9 -~
“|digawa NR- 0 0 0
Yobo 3 -3 0 0 0 0
Borno NR 1 1] -0 ¢
Oyo 2. 1 0 0 oy 0
Osun - 6 1 3 0 5 0
Ogun IO N e 0 6 0
Lagos NR NR NR - < NR “NR-
Ondo . NR 0 (] o 0
Edo NR 0 o | o o
Delta NR 0. 0 1] B
Abuja FCT NR NR. NR NR “'NR
Kogi ‘NR 0 L0 0 _ 0
numbra Tl 1 0 0 0
Imo 13 3 0 0 0
Rivers NR .0 D 0 0
Enugu NR ~0 0 L0 0
Abia . -4 0 o LI © 0
Akwa Ibom ‘NR 0 0 0 0
Cross River 13 "0 18 0 12
Plateau 5 0 1 0 1 -0
Benue 3 1] 1 0 0 0
Bauch - = o : o
Taraba 0 1 9 0 1 .0
Adamawa 1 o 1 0
Total 21 4 7 2 22 . 16 13
Note: {1} FC: Flood Control
{2} RT: River Training




T

The Hadejia and Jama'are Rivers in the Lake Chad Basin in the
Northeast Region ({A-VIII) also form vast ﬂood plams, in which they meander
and comprise a number of branch’ streams with unstablé ater courses,

Seasonal flood problems exist but are limited within a few months of the wet

season. Sediment accretion and scouring probleins have bee_n also reported in -
association with flood problem sites. :

The flood plains along the Niger River upstream of Lokoja (the
confluence between the Niger and the Benue Rivers) and along its major

‘tnbutarles such as the Sokoto, Kaduna and Rima rivers (the Northwest
: Region) are also susceptible to annual ﬂoodmg and are included in the aner
- Training Program being carried out by FMWRRD (Para: 3B.5.3.(4)).

Development of flood plainsis relatively mited along the Benue river
upstream of Lokoja, and flooding and sediment accretion problems appear to be
minimal. The upstream section from Numan to the mternatlonal border with

'Cameroon is bemg studled in the above mentioned program

It must be noted that problems of ﬂoodmg and sediment accretion as

'well as associated bank erosion and scourmg are considerably enhanced or, in

some cases, directly caused by infrastructure development in urban and rural

areas without proper plan, design and copstruetwn works. -

7A.3.2 Gully Erosion

(1) Distribution

A map showing ﬁres_ent, distribution of ‘g'ﬁlly erOsibn_ on SSHA basis is
prepared using the following documents and is included in the Water Resources

- Data-Base Maps (Map 25, Present Distribution of Gully Erosion).

; 'I‘he documents used are;

a. Bareland ratw for each SSHA esumated on the basis of the Land
Cover Data Setin SIA Report (Fig. 4, Bareland Distribution).

‘b, Areas and/or numbers of gully erosion sites recorded in JICA-
NWRIS (Table 3, Land Degradation Statuson State Basls)
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c. Erosion Distribution and Climatic Zones (Fig. 3) prépared by
-modifying Soil Erosion and Land Resources in FAO-World Bank
Report 89/91 CP NR 45 ST. ‘

d. 'Varlous data acqmred in the course of site mvestlgatlon by JICA
Team, .

It was initially intended to prepare a gully erosion dlstrlbutlon map
based only on the JICA- NWRIS record (Table 3)." The records are, however
often incomplete or inconsistent depending on RBDAS, LGAs or other agencles
each of which has its own standards for recognition of gully erosion sitésin size,
number and intensity. In addition, some data collected by JICA-N WRIS are too
old to represent the present status of gully erosion. '

In practice, therefore, the following procedure was adopted to assess
the present status of gully erosion for each SHA or SSHA where subdivided.

1. . Fer SHAs or SSHAs within HAs I, 1I; 111, V1II and the northern hélfof
:  HA-IV in which sheet and wind erosion is dominant, degrees of gully
erosion are Judged

1-1 Very slight where no records of gully erosmn are cited in JICA NWRIS
"~ andbareland ratios are 1ess than 5%.

1-2 Shght or medium- slight, dependmg on bareland ratlos, where gully
~ erosion areas are recorded in JICA-NWRIS or are outlined in Fig. 3,
and bareland ratios are 5% or higher. However, those SHAs or SSHAs
which are located within zones of serious wind or sheet erosion in Fng
3, are ranked as very slight for gully erosion.

2. ¥or SHAs or SSHAs within HAs V, VI VII and southein part of HA VI
which are extensively subjected to various types of erosnon degrees of
gully erosion are judged; _ .

2-1  Medium- serlous or senous dEpendmg on bareland ratios, where gully
~ erosion areas are recorded in JICA-NWRIS or are outlined in Fig.3,
and bareland ratios are 5% higher.

2-2  Very serious, where a number of serious gully erosion sites are located.
SHAs or SSHAs of this rank are mostly sitnated in the states of
- Anambra and Ime,

2-3 'Shght or medium:slight, where no areas of gully crosion are recorded
- in JIGA-NWR‘!S or are outlined in Fig. 3.
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The categorization of gully erosion status as above described is still
very arbitrary due to- insufficient information available at the present time,
and should be revised bas¢d on more reliable data acquired by thorough

investigation with uniform standards for recognition of gully erosion status.

| (2) Oceurrence

Occurrences of gnlly-erdéion_are éxtensively observed in Nigeria and
are particularly notable in the: sbﬁthérn half of the country. -As shown in
NWRMP Data-Base: ‘Map No.25, gullies ranked as medium-serious or higher
are mostly dlstnbuted in the southern half of HA IIL, and in an extensive zone
encompassing the Central Highland, the eastern end of HA VI and nearly the

‘éntire extent of HAs V and VII. ‘These areas belong to the tropical rain forest

climatic zone with anunual rainfall exceeding 1,200 mm and is supposed to be
largely covered by dense forest, In reality, however, the present bareland ratios

“of these areas are very high; exceeding 18% in HAs 1M, V.and VII, and are

alinost comparable to that of HA VIII which belongs to the semi-arid zone
under threat of desertification. In these areas, the States of Anambra and Imo
in the South-East Region are well recogmzed for a number of gigantic gully
occurrences exceeding’ several kllometers in length and several tens of meters

-in depth and width,

_ The Central nghland mcludmg Abu_]a FCT, is relatlvely resistant to
erosion under natural conditions because the terrain comprises Precambrian
basement rocks and Jurassic granite and is moderately covered by guinea

~savanna. However, gully érosion  has been initiated and is now growing at
several open-cast mining sites abandoned without reclamatien, or in

association with recent urban development to accommodate increasing
population, Large gullies exceeding one kilometer in length are not uncommon

in the Plateau State according to JICA- NWRIS. Itis also reported that gullies

have developed i in the v1c1mty of Abma FCT-and are growing at 2 con51derable
pace, due to excessive burn-off of vegetatlon for increasing crop yields or

constructing htghways o

_ Occurrences of gully erosion ranked as mcdmm serious or serious are
reporbed in the states of Bauchi, Adamawa and Benue. Many gullies are

“atiributed to natural causes such ‘as high declivity exceeding 10% or soft soils
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comprising medium ‘grained particles. However; some occurrénces are
associated with abandoned open-cast mmmg sites or caused by human
activities (not specnﬁed) according to JICA-NWRIS,

In the North-West Reg:on guliy erosion was very uncominon m the
past because of low rainfall and gentle relief, though the terrain, comprlsmg
Cretaceous and Tertiary sedimentary rocks, is susceptible to wind or sheet
erosion. 'In recent years, however, gullies are developed:in places with
concentration of rainfall runoff into a limited number of water courses due to
deVeIOPment of residential areas and urban infrastructure wnthout appropriate
_ dralnagc systems. In the area neighboring Kamjx Dam, gully erosion together
with sheet erosion has developed in places where geomorphology indicates a
large elevation difference. The town of Sokote, being located on a highland, has
recently expanded over slopes of higher elévations.: Gullies have been formed
on these slopes and have started affecting the town. These gullies, though
smallin seale bring about serious damage to residents.

(3) Damage

 There are available only-a very few documents in whlch damage by
: gully erosion is recorded on the basis of proper assessment, although a number
of State Governments, LGAs, RBDAs and other agencies respons:ble for sail
conservation have recognized serious damage by gully erosion. Areas affected
by individual gullies are well documented in the land degradation lists (Form R
6-1-(1), JICA-NWRIS) provided by Governments of Anambra, Enugu, Imo,
Abia, Akwa Ibom and Cross River States, all of which suffer serious damage by
gully erosion, Types of damage caused by gully erosion may be summarizéd as
follows; :

Destruction of Forest
Destruction of Grass Land
‘Destruction of Farmmg Area - > :
Damage to Socio-Economic Infrastmcture and settlement Areas
" Collapse of Roads
~Damage to Water Supply and Drainage chiliti'es
Effeét on River Management by Eroded Sediment . e
. Damage t6 Reservoirs and Hydrauhc Struotures by B.roded '
Sediment ' '

R -V
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Gully erosion progresses at a much higher pace than wind or sheet
erosion. Therefore, immediate action must be taken to prevent the progress or
to protect surface structures against the erosion.  The pace of the progress

“varies depending on climatie, physmgraphlcal geological and other conditions.

It is reported that a gully in the pronounced Agulw/Nanka Erosion complex in
the Anambra State is expanding at a pace of 4 to 6 m in width every year.

Destmétion of forest, grass land and farming iand increases bareland,
which 1s, if left without restoratwn, very susceptible to gully erosion.
Accordmgly, land degradation is further accelerated as gully erosion

. progresses.

_ A hlstoncal {ragedy caused by gully erosion is the complete
destructlon of the entlre hamlet of Isiamigbo in the AgulwNanka Erosion
Complex in 1925. Guliy erosion control works__have been completed or are in
progress at various localities for protecting government houses, schools and
other public institutions However, still many additional places require
protection agamst gully erosion,

'Dam'agé to roads, drainage systems or water supply facilities further
enhances land degradation in many ways. It must be noted that construction of
these structures may expand land liable to gully erosion. It is reported by
NWRIS that the Great Enugu Water Supply Scheme is at risk of gully erosion.

Gully erosion is partly and indirectly responsible for sediment
accretion -in river channels by supplying materials from erosion sites.
However, problems associated with sediment accretion are the subject of flood
control and river, training, and are excluded from those for gully erosion

: 'contro]

This NWRMP is mainly concerned with the present status of and the

- countermeasures against gully erosion in the South-East Region where damage

is most serious. Eroswn control and protectlon works are also discussed in

'terms of thmr technology and engmeeung, which may be appllcable to other
" Regions.
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Part7B Flood Control and Drainage
78.1  Maechanism of Problem Occurrence
7B.1.1 Watershed Deterioration

Watershed deterioration is progressi'ng at an alarming rate in Nigeria
due to accelerated land degradation and is threatening the nation’s water
resources. The recent acceleration of land degradation has been mainly caused
by rapid infrastructure development in urban and rural areas to acconunodate
increasing population. "Land degradation includes soil degradation,
deforestation and desertification which are closely inter-related to cach otherin
deteriorating global environment. Oi_" these three processes soil degradation,
the major subject of Chapter 7, has two aspects as aforementioned (7A.2.2); one
is the change in soil ¢omponents resulting in the loss of water and nutrient
retention: and the other is physncal losses of soils by erosion and mass-
nmovement, '

Soil degradation in terms of soil erosion occurs all over Nigeria. In the
northern part belonging to the semiarid climatic 2one, wind erosion is
dominant and is a direct cause of desertification. In addition, rainfall tunoff
during the wet season forms seasonal streams which wash out a considerable
amount of surface soils and often damage roads and other surface structures.

" Both sheet and gully erosion are ubiquitous in the central and
southern parts which belong to the subhumid to ultra humid climatic zones.
Gully erosion is more damaging than sheet erosion because of its swift progréss,
and is considered one of the most serious elements of soil degradatlon Gully
erosion sites ranked hlgher than medium-serious have been reported mostly -
from the South-East and the Central-East Regions (Para.7A.3.2 and NWRMP
Data-Base Map No.25). In addition to divect damage by gully erosion, a
considerable amount of soils washed out from gullies accumulate in water
- bodies, resulting in siltation of water, destabilizalion of water courses or other
undesirable changes in water bodies. ‘For ‘example, it is reported that five
percent of the surface of Agulu Lake in the Anambra State ha'é' been lost by a |
large amount of soils washed out from gullies nearby durmg the period of three
wolt scasons between 1991 and 1993.
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" In the Central-East Region including Abuja FCT, no flooding problem
has been observed because residential areas are developed mainly on plateaus
or terraces at elevations higher than those of river chanhels.. Recently,
however, many residential areas are at risk of flooding due to rising rivei‘ beds
caused by sediment accumulation -in river channels as soil erosion is being
accelerated in their upstréeam reaches.. Gully erosion is another menace to
watershed conservation in the Region, particularly in association with open-
¢ast mining sites that have been abandoned without restoration.

" In the North-East and the North-West Regions, productive lands are
being lost by desertification due to wind erosion under dry climatic condition.
Durmg the wet season, in turn, a conslderable amount of soils is washed away
or roads, bridges and abutments are collapsed due o formatmn of seasonal
streams on occasion of heavy rainfalls. The surface soils consist mainly of
sandy lacustrine sediments periodically deposited during the Quaternary.

" Surface runeff readily permeates through the hlghly permeable sediments and
is saturated between layers of the sedlments ‘Sands saturated with water form
slurries, mixtures of water and sands, which start movmg gravxtatlonaliy asa
mass when their welght exceeds a certain limit. The mass of slurry grows

“heavier ¢ollecting surface sands as it moves and destroys roads, bridges,
abutments and ether surface struétures in its course. New wadis are also

~ developed as bare lands expand, due mainly to regional development, and

~ destroy roads, bridges and other surface structures forming passages for masses

of slurry. In an example in Yobe State, a road had been constructed on and

| along a buried wadi whith changed its course due to sheet erosion and extended
for seVeral k;lometers along the ro_ad .

Many farmers, who have lost their lands due to desert:ﬁcatlon, start
migrating from the countryside to suburbs of Sokoto City and Birnin Kebbi.
Their new reszdentual areas are develoved in low lands where domestic water
supply is dependent mamly on surface water collected during the wet season.
There may be fears that epldemics are generated in ‘the newly deveIOped low
‘lands by water ¢ontamination due to floodmg durmg the wet season and
"'subsequently epread over the entire clty areas. '



7B.1.2 Sediment Deposition in River Channels

Encoded soils are mixed with surface water and flow into river
channels. Sediment loads in river channels increase by erosion of river beds
and banks. Sediment loads of rivers in Nigeria are considerable even during
the dry season. High sediment loads and resultant sediment deposition in river
channels bring about various problems as follows:

shorten lives of natural or man-made reservoirs
b. - hinder navigation of inland water course
¢ interfere with domestic and agricultural water supplies
d. increase the Frequency of flooding due to raised river beds or
- disturbed normal high-low cycles of water levels o
e. deteriorate quality of domestic water and accordmgly merease
costs of water treatment :

f, degrade agua-ecological environments.

Tt is reported that many water reservonrs have become useless due to
sediment deposition in the states of Oyo, Ogun and Osun in the South- West
Region. In the northern states, a number of i |mgatmn reservoirs of medium to

small size are observed not to be used because accumulated sedlments have
been left undredged.

‘No serious effects of sedlment deposition on river trafi‘ic have been

reported to date, though many sandbars and sandbanl{s appearin the centre of

‘river channels during the dry season. According to FIWD, navngatlon in the

Niger River upstream of Lokeja is becoming difficult mainly due to decreasing -

- discharge from the Jebba Dam. However, it is antlelpated that sednment
accumulation may become a problem for water trans;mrtatwn as it progresses

Of the various effects of siltation on demest:c water, determratlon of
water supply systemns is most crueia! Domestxc water is, in many cases,
pumped from river channels dlrectly to waber punficatlon dnstnbutlon systems
without settling ponds or filtration facilities. Excessive sxlt in river water
casily damages pumps and purification-distribution systems “This has become
a daily problem in states such as Anambra, Imo and Cross River, where people
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are relying on river water for domestic use because of either deep-seated
groundwater levels or a significant iron contentin groundwatcr_.

. No adequate mformatmn is avallable on the effects of sdtatwn on
aqua- ecosystems Sonie species of ﬁsh appear to be able to survive in exh‘emely'
silted water. However, the following effects may be imposed on aqua-
ecosyst»ems if extreme siltation of water continues for a long period;

a. Insufﬁclent sunhght reachmg the stream bed may hamper growth

' of weeds, mosses or other orgamsms which are food for fish or

- other aquatic ereatures, resulting in disruption of the bmlogleal
balance and food chain, : :

b, Fish eggs and bottom dwelling creatures may be buried under

- sediments or may die due to oxygen depletion, resulting in

destruction of breeding grounds or adverse change of stream bed
bieta. ' '

7B.1.3 Instability of River Channe!s_'

(1) Riversin the North East Region '

The Hadejia-Jama’are River system which l‘lows through the Lake

‘Chad Basin into Lake Chad has a relative elevation difference of only several

meters between its headwater and the entrance to the Lake, distance of some

300 km, and is braided in flat alluvial plains forming a complex network of
branched rivers and channels. The braided river system reduces the surface
-water potential due to seepage and evaporation on the way.

Rainfail in the Region concentrates mostly within three to four months
of the wet season with the maxumum monthly rainfall exceeding 2560 mm and
forms numerous seascmal streams as aforementioned (7A.2.1). In addition,

o bank erosion is considerable at bends or intersections of river channels of the
‘ braided river system. Accordmgly, river courses are very unstable,
- partlcularly in the extremely ﬂat part of the Basin.
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(2) The Niger Delta

The Niger Delta is an extensive plain ¢risscrossed b'y' a maze of
meandering rivers and creeks. The banks of these water channels consist of
levees which slope down inte backswamps and flooded depressions. When the
Niger and its trxbutarles are in flood, these banks are eroded especially on the
outside of meander bends which are turned into vertical faces. The flooding
normally lasts for thrée to five months in the year, and the level differences
between low and flood flow are 6 to 10 m. As the flood water recedes, the river
banks beconte unstable wuh the Subsequent collapse of large earth masses and
also the tidal movements aid bank erosion in some places. Rates of bank
~erosion are 2 to 5 m per year along the larger channels, and this erosion poses
‘serious threats to towns, villages and farmland in the region.

_ ‘Networks of numerous narrow streams with uastable channels are
well developed and form extensive flood plains in the Niger Delta. Extensive
areas of the Niger Delta are liable to flooding but are scatteredly cultivated
because of the convenient supply of domestic and industrial waters as well as
river transport. Asaba, which has been recently developed for an industrial
area, is an example of such an area. A steel plantin the industrial area, located
on the right bank of the main stream of the Niger, is now highly vulnerable to
submcrgence due to flooding. In the Niger Delta, as well as other coastal
regions, drainages of areas liable teo flooding have been well controlled by
natural retarding basins. However, recent rapid urbanization and increase in
population appear to adversely affect the function of natural retarding basins,
which may cause considerable damage due to flooding. '

7B.1.4 Insufficient Drainage Systems of Regional and Urban Development

The South-East and the South-West Regions have developed at a
considerable pace during the last half of this century as the oil and gas fields
have been exploitéd. Accordingly, the population has 'in._crease'd: at'a pace
proportional ‘o the development and has required the introduction of various
urban and regional infrastructures. The keen worldwide demand for energy
resources, particularly during the period of the late 1970s and carly 1980s, has
_ accelerated the exploitation of the oil-gas fields in these regions, which has
resulted in intensifying this trend. The rapid urban and regional
- infrastructure development within a limited time tends to be implemented
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without adequate provisions for future requirements. Construction of drainage
systems with adequate capacities is 6_ne of the indispensable elements to
maintain infrastructures in working condition. The South-East and the South-
West Regions, in particular, are situated in areas being developed with eriss-
€ross networks of river channels and are extremely vulnerable to seasonal
flooding under a tropical rain forést climatic condltmn ‘A few examples of flood
problems are quoted as follows;

(1) - Aba (Abia State)

" The city of Aba is a centre of transportation in the South-East Region,
connecting Port Harcourt, Corabar and other major cities, The Cross River
RBDA conistructed iwo culverts, a total of 3.3 km in length, together with road
side drains as a drainage system for the city in 1990, The drainage system is,

- however, not working properly dite to excessive sediment dEpOS]thll caused by
 maintenance negligence.’ The maintenance is the responsibility of the Aba

LGA under the present organization of: river management but has been

'ne glected because of insu ﬂ“icmnt budgetary prov:smn

_'.(2) : Carabéf (Crbés‘ River State) o

The Cross Rwer State Government made a plan to deVelop the lowland
around they city of Carabar in the late 1980s,. - The plan was implemeénted
without taking aceount of any drainage systems with sufficient capacities to

accommodate the conmderable amount of water runoff during the wet seasen in

: this area. Since damage to roads and dwellings by flooding became apparent as

the deve]opment progressed, the Cross River RBDA planned and implemented
the construction of six main waterways with a number of branch channels,
totalling some 40 km in length, to discharge rainfall runoff directly to the sea.

The construction of the waterways, which is still continuing, was parily
‘completed in the vicinity of the residential area in 1993, The waterway system,

with identical cross-sectional dimensions (3 m wide and 2 m deep) for the entire
channels, appeared to have a sufficient capacity for draining the wet seasons

rainfall runoff, because no damage in the residential area was reported.

However, the JICA Team observed a number of localities where sonls were
washed out along the channels, leavmg them susceptible to collapse.
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(3) Awka (Ahambra State)

“The city of Awka became the new capital of Anambra State in 1991
and is now developing at a considerable pace. The geology of Anambra State
and its vicinity comprises mostly Cretaceous sednmentary rocks whlch are
casily eroded unless protected by vegetatmn Slush and-burn farmmg and goat
grazing which are popularly practiced in the State, are mcreasmg barelands,
~which are partlcularly vulnerable to gully erosion. Although no senous
flooding problems have been reported, a considerable amount of rainfall runoff
during the wet season accelerates gully erosion significantly. Without proper
drainage systems, gully erosion is left to progress unhindered in many places.
This problem is discussed in Part 7C in more detail.

As desertification advances in the northern part of Nigeria, peoples
who discarded farming are gathering in the City of Sokoto and its vieinity from
the country side.. The urban area which has been developed on and around the
tops of hills started expanding to lower elevations liable to flooding in the wet
season as population increases rapidly. Indiscriminatory settlement by
migrants degrades sanitation of the urban area and creates sources of epidemic '
diseases particularly at an occasion of ﬂoodmg It is anticipated that influx of
migrants to urban areas in the North- East and the North- West Reglons will
continue.. Major cities such as Kano and Maldugurl in the regmns may suffer
similar problems in near future.
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 7B.2. Current Status of Improvement Works
7B.2.1 . Flood Control at Existing Reservoirs
(1) Dam Reservoirs

A dam has a very efiective function for flood control and for prolonging

the flow recession period. In the Lake Chad Basin, the Tiga and Challawa .

Gorge Dams in the upstream reaches of the Hadejia River have flood

controllmg functions: In this region the flow recession period was short and so

- were the perlods when farn‘nng was possible but, after completion of the dams,

the flow recession periods have extended and year-round farming has become

~ possible through irrigation. The Goronyo Dam in the upstream reaches of the

Sokoto River, and the Dadin Kowa and Kiri Dams on the Gongera River are

used for cutting the peak flood flows, reducing the period of water shortage and

providing sufficient water during the dry season. These dams were constructed

primarily for 1rr1gat10n but are also effective for extending the permd when
farmmg is possible in downstream areas.

- Lagos is the old capital located on the shores of Lagos Lagoon at the
mouth of Ogun River and is Nigeria's largest city in terms of both populahon
and area, It used to suffer from flooding of the Ogun River and houses were
‘damaged in the wet seasons, However, the Ogun River no longer floods since
the Oyan and Ikere Gorge Dams were constructed upstream. These are the
only two dams in Nigeria that were constructed for the purpose of preventing
downstream flooding.

- {2) Wetlands

In Nngena, ﬂoading aIIOWS paddy cultwatmn of rice in the wet season

‘S0 that flooding is a benefactlon of nature. The period for cultivation is
. pro_l_onged as the river flow recession period extends. Gen'eral_ly, the systems to
“control flow recession periods are dams and natural or man-made retarding
basms In'the nger River drainage area in the Niger Delta, the estuary of the
' ;Cross River and the Lake Chad Basin, wetlands have a retarding function in
g themsel\'es. In these areas, natural levees do not exist or are very poor and the
ground gradnent is very gentle, less than 1/2,000, so that overflow of rivers
occurs easily and wetlands expand rapidly ‘Flooding areas are so vast that the
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increase of water level is low compared to the volume of water flowing into the
wetlands and to the amount of rainfall itself. Submergence of rice fields is
therefore qu1te a rare occurrence. The vast size of the flsod plains alse endures
lengthy ﬂow recession periads even though the quantnty of water flowing out of
the area is relatively large. As stated above, sediment deposition in the river
not only disrupts the usual flooding cycle but also inéreases the chance of local
- flash floods. '

~ In'the upstream area of the Niger River and the Chad Basin, there are
many natural or man-made depressions which are used as reservoirs after the
wet season. As stated above, recently these reservoirs have been affected by
sediment deposmon

78.2.2 Sabo Works along Hillside and River Channel

It is only since the late 1980’s that the importance of ‘Sabo’ works have
been recognized in Nigeria and the construction of check dams started about
the same time. But these check dams were constructed to prevent expansion of
gully erosion by covering gullies with sand. - However, they had inherent
structural defects and were easily damaged by water and earth pressure. There
is an increasing number of check dams that prevent the influx of soil to major

' rwer channels, ‘Their structural defects have been modified and they now work
well. But because of the lack of protéction of exposed slopes, erosion by rainfall
occurs in the wet season, many must be expanded every year since l;hey get
filled with sands durmg the wet season. -

The purpose of hillside works is t6 prevent the flow of soil from’ eroded
hillsides and to keep a sufficient amount of soil required for vegetation,
Currently no hillside works are being carried out. The only large scale hillside
projects that have been attempted were modél projects to test the suitability of
various species for revégetation planting such as the Government House
Erosion Control Project in Cross River State by C-RBDA and the Nnewi 100
'Feet Road Erosion Site Control Work by Al- RBDA. Small size experiments are
being conducted in Okpara Roundabout Erosion and Muritala Mohammed
Erosion Sites for preventmg outflow of soils. ‘Sabo’ works (erosion control
works) conducted in Nigeria to prevent the outﬂow of soil ‘are described in
 detail in 7C2.1, - : '
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78.2.3 River Channel Improvement and Training

- The river training programs have been conceived by the Water
Resources Seétor,_ FMWRRD to improve flow in the river channels downstream
of major hydraulic structures and ‘some perennial rivers. Their aim is to
increase river flow rates through (1) reductlon in conveyance losses by
evaporation and seepage, (2) incréase in flow velumes by higher driving
gradients and conveyance speed and (3) increases in flow volumes by removal of
*obstructions along the river channels. However, the programs are still under

way and only a part of the basic investigation and beacon placement on some
" river banks has been completed. |

In Nigeri'a; no serious attention has been paid to the necessity of river
training because flooding has never caused grave problems except for the
extraordinary case in the Upper Benue Basin and has been rather beneficial for
tradltmnal cultivation of wetland, as aforementioned (Section 7A.1). However,
‘the recent rapid urban development particularly in the Niger Delta is making
use of low land areas which are liable to seasonal flooding. Besides, conveyance
losses of water in b'raldved' river systemns by evaporation and seepage are
adversely affecting lmgatlon in the North Region with recent decrease of
‘rainfall, Under the present socio-economic and climatic changes as above
‘described, river training is becoming a significant subject for the nation’s water

resources and enwrdnmental conservation.

- Such a major riv‘ér‘training measure as integration of braided rivers
- may be desirable but requires a comprehensive study for its application because
it will have a considerable impact on the ecosystem. At the present time, no
shifting of major river cOm'ses has been reported, while bank erosion and
seouring appear to be nmore crntlcal locally. ‘It is practical to cope with these .
" local prob]ems by applymg simple groyne or bank protection works. ‘The works
can be carried out using locally available matenals such as bamboo or wooden
poles, mats, brush\-foods and so forth which are ahgned to form fences so as to
induce deposmon of sednnents in ccntrolled patterns. Such works are of a
-:temporary nature and’ should be- placed under continuous surveallance for
“repair oy reconstructlon whenever: necessary Application of gabmns or wire
sausages: are -preferied to concrete or- block works for larger scale bank
G protection because they have less impact on the ecosystem and are less costly.’
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78.2.4 Flood and Erosion Control in the Niger Delta

The flood and its attendant erosion have continued to be an annual
menace to the inhabitants of the Niger Delta; thus, the pesple have been
resigned to accepting the situation and also adjusting their agncultural and
social activities. The efforts to control the flood in the Niger Delta would most
certainly be a welcome relief to the mhabxtants and would open up more fertlle '
land for agricultural, industrial and urban use.

Major conventional methods of flood control in any area may include:

Flood protection by upstream reservoirs
- Flood protection by levees
- Flood protection by channel i 1mprovement

Each of thes'e methods may be proposed e'i'ther'separate,ly or in
combination to solve the flooding problems of the Niger Delta. Flood and
eresion control as an aspect of environmental management should not be

-~ tackled piece-meal, and should be viewed and placed within a larger sysbem of
environmental dynamlcs in the Niger Delta. This is important because
experience has shown in many patt of the world that piece-meal development'
projects are spreading faster than efforts to cope w1th their consequences Tt is
essential that in executing various projects aimed at controllmg floods in the
Niger Delta, adequate consideration would be given at least to the hydrolegical
consequences of flood control works so that finding a solution to the flood
_problems of a particular area may not create the worse problems in other parts
of the Delta, Itis also considered important to provide a'coherénb'syht'hésis'of
all the dynamics inherent in the amnphibian environmeént as-an ecological
system, as the basis for flood and erosion management. The major parameters i
of environmental dynamies in the ngcr Delta inelude morphodynamlcs,

hydrodynanncs, pedogenesis, and the activity of the blocelloses mcludmg
human. ' ' 8 '

‘Much has been discussed about the use of upstream reservoirs in flood
control of the Niger Delta. Existing resérﬁoirs'at Kainj'i Jébbé and Shirofdand
‘the proposed Lokoja and Makurdi would contnbute littte in reducmg the
Delta’s floods because only very little storage, if any, is pmvnded for flood
control. For a reservoir to check floods, it should be built mamly_for that
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purpose. - In addition, reservoirs are normally effective for the control of
flooding of not too distant lands do\vnStream of the dam.

_ Levees are the oldest known form’ of flood protection and have been
used more extenswely than any other forms of either flood protection or
- prevention, These levees along the banks of a river prevent the overbank spill
- of flood water at high stage thus reducing overland flooding, but at the same
time they also impair the free drainage of runoff generated by local rainfall
behind the embanked areq. The accumulated runoff may be pumped out;
however, the pumped _draina’ge is generally cost prohibitive and has other -
implecations such as typing up irrigation component in the scheme (o make it
¢conomically viable). Generally, the dramage is evacuated by gravily as far as
possnble through hydrauli¢ structures; thus, the entire protected area is not
rendered flood-free, but a reduction in depth and magnitude and related
duration of flooding is achieved which benefits agricultural productivity and
promebes the social éctivity.

- Some eff‘ects of confinmg the flood of a river by the embankments
‘along both banks are:

. increase in the water surface elevation of the river during the
" floods because water that would otherwise spread over the flood
-plainis confined to a leveed channel.

" inc¢rease in the flood levels upstream of the leveed section, and
increase in the velocity of flow and scouring capacny of the stream
‘ because of contraction of flood channel

_ The levees are usually best by a multitude of the problems which
reqmre constant attentlon especially where lives and properlies are involved.
Common-among these are erosions caused by heavy rainfall, slides due to
saturation with seepage water, overlopping due to efther insufficient height or
ex¢essnve sedlmentatlon which eventually causes washmg out of a portion of
 the earth embankments, burrowing animals which dig through the
embankments, and so forth, All of the above require & considerablé amount of
‘maintenance and repalr to avoid the failure of the levees. A honest fear to be
g entertamed in the use of earth embankments in Nigeria would be the attitude
of the Government and the pec»ple where many of the Nigeria's establishments
are mterested prlmarlly in awarding contracts and not taking: prOper interest
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in repair and maintenance once the works is completed, viz. once completed,
they are allowed to deteriorate to such condition that it would warrant award of
a new contract for its reconstruction. In this respect, at note of warning should
be sounded that such attitude applied to a Nood control and drainage scheme
would prove disastrous..

Flood ¢ontrol by channel improvement may be divided into two
categories, viz. cut-offs and dr_edgihg.- Channel improvement in any form as the
sole means of flood protection would be usually an éxpehsive'trndert;akin'g and
only applicable to small streams. Cut-offs are not only inadequate for reducing
flood heights in large sireams, but they usually constitute a menace in alluvial
streams unless the channel portions subject to sérious erosion above and below
the cut-off are stabilized by bank revetment, the bedslope above is increased by
¢orrective dredging and the matenal deposnted below the cut is removed by
~ dredging. ' '

Alternative flood control measures other than the 'above may be
considered (1) rainwater detention polders and (2) raising some patches of land
above the flood level: :

- Heavy rainfall in the Niger Delta may well be responsible for a

good percentage of the floods in the Delta during the months of

- September and Oclober. There is the possibility of the runoff from

adjacent lands reachmg the water courses at the time of high tide

or of arrival of the river flood crests: therefore, it may be possible to

consider the construction of rainwater detemmn pelders on the

land to detain the rainwater for gradual release after the ¢ritical
flood peaks pass. :

- The cheapest possible way to raise some patches of land area is by
dredging of sand frem the rivers to fill up the selected areas to a
predetermined safe level. This needs careful. planning and
execution to avoid undesirable consequences, because as always is
the case, the lowest laymg areas of the basin may be more seriously
' afi‘ected by any rlse m river levels

The various flood cbntrol meéasures and related effects as examined
above would be all applicable to the Niger Delta, either separately or in
combinations, The choice of alternatives, however, depends upon the -
prevallmg local conditions, The levees or emhankments are: generally the
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accepted method of flood protectlon for largc streams in alluvial deposits under
whlch classnﬁcatmn the lower Niger, the Nun and the Forcados fall. It should
be pomted out that this is the most,_expensive method of flood protection
mcludmg the initial constructmn and subsequent operation and maintenance.

Refefencé has been made to “Report on IﬁVeStigation of Possible F]ood
Protection Measures in the Nun and Forcados Rivers Area” (1980) prepared .
under the techmcal cooperation program by the Democratic People s Republic

- of Korea Itmay be noted that the Semmar on Flood and Lrosmn Control in the
~ Niger Delta \fzas held at Port Harcourt m_ March 1981 on the basis of this
‘Report, and the comments and observations on this Report and subsequent

discussions on the Niger Delta problems are seen in its Proceédings. Taking
into account all factors as meéntioned above and the findings through the
Korea’s report, the followings are JICA's opinions for subsequent action
programs:

- The tepographical maps of the Niger Delta are not available. There

“is a strong need to undertake a systematic topographical mapping

of the entire area w1th sufficient amount of the spot height
mformatmn '

. Data col!ectxon in the Niger Deltais not systematlc In general, the
available information Have been derived on a piece-meal basis from
‘the p’r'éject studi¢s which were randomly selected. There is a
“pressing nced for a systematic collection of data that are relevant
for both infrastructural deVelopment and environmental protection
 of the Niger Delta including river cross-sections and water levels.
It is envisaged that the field data collection exercise should cover
both the tidal and non- -tidal zones of the Niger Delta.

- The first step to the e[fectwe control of flood and erosion is to
~ establish a permanent program of monitoring stations throughout
the Niger Delta and adJacent areas to regularly and continuously
“record, analyze, store and retrieve the environmental parameters
.. describing the dynami¢s causing the havoc of flood and erosion,
 The momtormg records should include river d1scharge, river level
~ variations, river bed topography, rainfall statistics and other
meteorological data, topographical map data, geOIngal structures
and sml conditnons, and relevant socio-economic items,

CoTAS far as the national ‘aspect of the Niger Delta problem is
" concerned, thers is a need for the coordination of various efforts

- taken by the agencies such as the Niger Delta BDA, the Ministries

" of Transport and Works, the NEPA, the State (lovernments, the
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academic instilutes and others which have in their programs
espe(:lally those aspects that might influence the fleod and erosion
“situation in the Niger Delta generally and the Nun and Forcados
Rivers particularly, It is suggested that the Niger Délta BDA
under direction of the FMWRRD through the propoesed Department
of water Administration be delegated the special position of
- coordinating all of the activities as mentioned above in connection
with proper 1mplementatlon of the 1993 Water Resources decree,

- It is stressed that the question of flood protection in these areas

cannot be tackled in a great haste but should be done on the basis of

“careful examination of the project proposals mcludmg the Korea’s

~ plan(use of the embankment from Onitsha te the heart of the Delta

‘with internal drainage pumps) and well thought out programs of

‘implementation in a Niger Delta Master Plan Study to be carried
out some years after completion of the above recommended items,

78.2.5 Urban Drainage Improvement

Drainage systems in urban areas have not been maintained properly
except for those in the center of large cities and historic cities. In most cases
drainage facilities are constructed after erosion and ﬂoodmg has occurred.
Often no action is taken unless ro_ads and other publi¢ facilities are damaged,
even if there are some problems and little is dove to improve inadequate
drainage works, even if the construction is not a'pgprorii'iate'. For instance, in the
1992 survey, it was noted that traffic congéstion occurréd in some roads when |
rain water flooded the center of Onitsha dué to insufficient capacity of side
drains and damaged waterways, _b\xt the 1993 survey indicated that nothing
has been done to improve the condition, _Dzimage to roads in the center of
Abeokuta and Ibadan has been left unattended, obstructing traffic for years.

Almost no hydrologie calculation has been conducted for the
construction of drainage systems in Nigéria and most wate'rway§ have either
insufficient or redundant capacities. No consnderatmns are given to the force of |
water that flows into river channiels, and damage is notlceable Most dramage
systems construeted in CItleS collect water. from extenswe areas and
concentrate it in one or a very limited number of drams for dlscharge These
systems cause gully erosion. Such examples are the’ gul}y erosion in the
Okpara Roundabout Erosion Slte and the Muritala Mohammed Eroston Site,
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Particularly, at Muritala Mechammed Erosion Site, gully erosion, 200 m wide
and several kilometers long, occurred in a single night. It was caused by heavy
rain that fell during c0nstruction‘df & drainage system just before the feeder
drains were connected to the main discharge channel. Raml‘all collected on one

slope and sevaped off the surface soil.

~ Little maintenance of drain’s‘ and channels is done. Deposited soils in
drains reduce the capacity of water flow and degrade drop and buffer blacking
capacities. This ¢auses the water to dammage the drain itself. In cities, garbage
often blocks open channe!s and hampels dramage causing floods and samtary

“problems.
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78.3 NWRMP

78.3.1 - Watershed Managémeént Program

The watershed deterioration is caused mainly by seil degrfédati(m
including change in quality and loss of soil by erosion, and by deforestation,
both of w_hich are atiributable to expanding regional and urban development.

From an economic point of view, soil degradation is probably the most
serious environmental problem, as it is a precursor 1o loss of soil productivity,
erosion and ultimately desertification. Primary causes of the soil degradatmn
are summarized as follows;

(1)
(2)
(3)
(4)
- (5)
(6)
(7)
(8)
(9)

Removal of vegetative cover

Removal of topsoils

Development of poor or marginal soils
Poor farming practices

Lack of fallow periods

Overgrazing

Removal of natural nutrient sources
Reduced ability to support beneﬁcial uses
Reduced infiltration

In order to solve the above problems, the following approaches are

necessary;

(1)

(2)

3)
4)
(5)

Active watershed management policies and practices
Revised agricultural practices (education of farmers, ete.)
Standards for us¢ suitability for all lands in Nigeria
Restrictions on land clearing approval and practices

Promotion of land fallow practices in agricultural cycle
(education) :

Gully erosion is a part of s0il degradation and approaches to solving its
associated problems are included in the above in general terms, but are
specifically discussed in the Subchapter 7C.
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Increases in population in Nigeria have resulted in increased
pressures on all types of land use activities in the country, and expansion of

- these uses into prevmusly unused or restricted areas. Increased pressure on.

resources in inhabited areas has resulted in consumptmn of forest resources in
those areas beyond the rate of replenishment. The primary problems causing
deforestation are summarized as follows;

(1) Unéontml'led'deﬁelomhéiit of lénds for a gricnltnré or other uses
' (2) Lack of adequaté controls and erforcement on timber harvesting
practlces
- (8) Contmued reliance on fuelwoods for cookmg and heating

(4) Uncontrolled bushburning for land clearing

In order to solve the above problems, the following approaches are
necessary; ' C

(1) Intensify reforestation and afforestation programs

(2) Adopt and enforce sustainable harvesting policies in forest areas
@y Pmmote alternatwes to l'uelwood especnally in urban areas

(4) k Ad,)ust fuelwood and forest products pncmg to reﬁect real costs

(5) ' Enforce ban on bu shbu rning

(6) prand the area mcluded in exlst,mg forest reserves, and- restrlct
access to those areas as much as possible

$78.3.2 Programs P(opoied for Flood Control and Drainage

(1) Flood Cd‘ntml

~Seasonal flooding in wetlands is generally recogmzed as beneficnl in
terms of recharging shallow groundwater and permlttmg flood-redession
agrlculture The recent rapid urban development without adequate drainage

- systems causes flooding cm the one hand, and urban areas developed in low '
“lands near major rivers are threatened thh ﬂoodmg on the other,
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In order to protect the low lands agamst ﬂoodmg, the followmg two
measures are needed -

K'Y Restriction of influx of soils and sands
" (2) Protection of water pond embankment

In order to reduce influx of soils and sands, it is’ fundamentally
necessary to legislatively enforce adequate plan, deSIgn and constructlon of
urban infrastructures and also revegetatwn / aﬂ“orestatlon in upstream areas.
-For protection of embankments, ‘planting deéply rooting trees such as willow is
effective. Apart from the above measures, simple groyne and bank protection
works as well as gabions and wire sausages are considered effective to protect
river channels against such local problems as scouring and bank erosion, as
mentioned in para. 7B. 2.3. :

(2) TImprovementof Drainage Systems

Examples of the design and installation standards for drainage
systems are shown in Appendix 7C-1. As seen in the examples, various data,
such as hourly rainfall intensity for a number of years, terrain characteristics
in terms of runoff coefficient, catchment areas relevant to the drainage systems
and so forth are required in order to design a drainage system with an adequate
drainage capacity. Therefore it is necessary, first of all, to estabhsh the design

“and installation standards which are suitable for local climatic and terrain
conditions. With the stahdards, all the existing drainage systems have to be
reassessed for their adequacy in dra{nage capacity and to be improved
accordingly. The FMWH, in cooperation with FMWRRD, should legislatively
enforce the standards for construction of future drainage systems associated
with urban infrastructure development. LGAs are responsible for
implementation of improvement of existing drainage systems and for their
maintenance. '

(3) Development of the Niger Delta

The cc)ntrol of ﬂood and erosion in the nger Delta should be given
high priority by the FON through the provision of sufficient ﬁnancnal resources
required to achieve an effective control of the problems detailed in para, 7B,
2.4. of this Sector Report This comes from the understandmg that no
meaningful and significant development in terms of protection of lives and
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property, - socio-economic mfrastructure, agriculture, fisheries,
industrialization, transportation and related private activities can take place

“in the Niger Delta unless the threat of flood and erosion is controlled. ' And,

further consideration has been made on the present problems that (1) the
means of subsistence in the Niger Delta are below an acceptable level except for

‘those associated with oil production, and (2) the social welfare including

housing facilities, water supply and sanitation are at an unacceptably low

" level,

A scenario with respect to the flood and erosion control in the Niger
Delta has been presented in the final part of para. 7B. 2.4, Ttis expected that a

‘Niger Delta Master Plan Study should be completed during the NWRMP period |

for subsequent |mplementatlon on a large and collective scale while the werk
for topagraphical mapping and establishment of systematic data collection
networks should be completed within the period of the National Water Master

‘Action Plan towards the year 2000. This prepesal would have been prepared on

the basis of the fact that the present FGN budgetary arrangement is in a
critical situation, It is also mentioned that the small-scale flood and erosion

~control schemes for some of the villages in'piece-meal manner as emergency

neasures will take place within the NWRMP period with a concept that the

“human dlsplaCement and relocation of the numerous communities involved
- would be an impossible task to implement and the people’s participation in

planning, construction and subsequent OM should be much appreciated. These
projéct should be carried out in such manner as to avoid any harmful effect to
the larger system of environmental dynamies in the Niger Delta. As a matter

- of fact, the protection works for each of the problem villages in a step-wise

fashion would seem to be more realistic, and the villages saved from erosion

| “and flood with an emphams upon greater self-reliance, that is, increased
_ 'dependence upon their own resources in seekmg to achieve various objectives of
~the somety will contribute the land for development of the area, In conclusion,
it should be kept in mind that the most terrifying aspect of the flood protection
program is the cost aspect.

- 7B 33 ; lnt"eif-G&V’erh:ni"é'nta!'Coofdiﬁatidn

The FMWRRD is l‘ully responsnble for securmg the nation’s water

o 'resources and, therefore, i‘or flood control and river training. Since causes of

7-37 -



flooding and watershed deterioration are directly or indirectly related to
regional and urban infrastructure development works as aforementioned
{Section 7B, 1), cooperation of other federal departnents or institutes concerned
with the development is also indis’p(znsable The FMWRRD shoiﬂd take the
initiative of formulating a national strategy or policy for flood control and river
training including watershed management, and of estabhshmg laws and
regulations which control development works in ternis of environmental
conservation, In line with the laws and regulation based on the national
strategy, codes and standards for the development projects should be reviewed
and vevised or newly introduced by the federal departments or institutes
concerned. Implementation of flood control or rivér training works are the
responsibility of the State Governments or LGAs but should be placed under
the strict administrative control of the FMWRRD for water resources
conservation, Actual executlon of the projects may be commissioned to RBDAs
or contracted to private consultants or contractors for the entire or a part of the
works as required.

" The FEPA plays its role for flood control and river training projects
related to gully erosion and should cooperate with the FMWRRD in instructing
and supervising executing agencies concerned. If the projects include
plantation works, the FD¥F is also téchﬂically involved.

78.3.4 Gmdellnes and Criteria for Planning, DeSIQn Construction and OM
~ of the Pr0po$ed Programs : '

At the present time, bank erosion in river channels in _Nigérié is
‘becoming serious and réquires bank erosion protection works to some extent.
However, protection works of a simple and emergency nature, réih’éi' thaﬁ
large-scale construction work, are advisable for protectlon of the present
erosion sites for the following reasons;

a. ‘There are a number of bank erosion Sltes whlc‘n require urgent
protection works. Accordmgly, it is essential to complete the
protection works within a limited period w1th “easy supplles of
inexpensive constructmn materi als

b. It is not desirable to construct large-scale river banks which may
',drast\cally alter the present ﬂoodmg systems m- SItuatlons,
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because agricultural activity is largely dependent on flooding
_ during the wet season,

Examples of simple bank protection works, using sand bags or foliages,
are shown in Appendix 7A-1. These, examples are currently used in Asian
countries and may be applicable, as they are, to some of Nigerian river
channels. Application can be improved in a more suitable manner for Nigeria
and better materials may be found, taking account of local conditions.

Generalization and standardization of construction methods are
~ essential to complete the work effectively and quickly. The generalization and
' standai'dizatlio-ﬁ' make it po'ssible for a State Government, a LGA or even a
community of local residents to easily plan and execute appropriate erosion
protectioh works a necessary. Also effectively eliminated by the generalization
and the standardization are unSatisfactory results or accelerated e_rbsi(m due to
inadequale construction methods. The simple bank protection works, as shown
" in Appendix 7A-1, are susceptible to damage or are easily washed away at an
* accasion of flooding.  Periodi¢ examination and repair are necessary to
maintain the protection works in good standing. Methods of examination and
repalr should also be standardlzed '

Various methods of bank protection works, other than ‘those
demonsirated in Appendl}. 7A-1, have been innovated in many countries and
are standardized for their apphcatlon In conclusion, iti is important for Nigeria
~ to examine various snmple methods for bank protection and to develop the most
suitable nietho_ds;‘taking aceount of its natural and social environment.

‘Meanwhile, there are a few erosion sites which may require
-semipermanent bank protection works to preserve nearby bridges and river
facilities, Even for these erosion sites, it is advisable to adopt naturally
harmonizing protéection works such as gabions or wire sausages. Construction
standards for these types of protection works should be established by DWA.

©7B.3.5 Plan Implémentation Programs

- Asa basm prmcxple itis understood that the tradttlonal style 0f ﬂood
plain agnculture ut:]nzmg river flood waters for 1mgatlon during the wet
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season should continue and that any river control _\‘vori{s should not interfere
with this style of agriculture and should, if possible, increase the duration and
the area of flood plain submergence. Therefore, it is advisable to use simple
waaden or bambao structures for bank protection works. In aréa'where bank
erosion is severe and where important structures exist in the rwer ‘bed,
protection works using gabions and wire sausages should be consxdered

Appropriate river protection works are deseribed in more detail in Appendix
TA.

- River training and channel nnprovement works in the North Region
‘will not be carried out before the year 2020 and protectwn works will be
undertaken only where it is necessary to protect roads, bridges or towns from
the effects of flooding or erosion. In these cases only semi-natural works (Uéing
gabions and wire sausages) will be carried out. Permanent wadi control works
will also not be undertaken before 2020 and any urgent works requ1red fo _'
protect roads or brldges will be don¢ using gabions and wire sausages,

Throughout Nigeria, there is very little hydrological information
available for planning and designing river control and trammg works. Above
all, it is essential for this country’s environmeéntal conservatmn managementio
prepare a comprehensive data base and hence detailed river maps and profiles
for all major rivers and drainage basins, NWRMP recommends that
information of this kind should become publicly available by the year 2020.

Watershed conservation works should include some érosion control
works, detailed programs of which are presented in the Sub-Chapter 7C. There
are a number of dams which are seriously damaged or are threatened with
serious damage and require urgent protective action.' Immediate site
investigations should be carried out to prepare implementation: programs for
remedial and protective works for these dam sites. In other sites, long term
plannmg for protectlon works should be started

With regard to urban flooding, the _RBDAS should ¢arry out drainage
improvement programs to help relieve chronic flooding and to improve |
sanitation as a publi¢ health measure, Drainage nnprmrement prOJects should

" be complebe by the year 2000
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Part 7C - Gully Erosion Control

- 7€.1 - Mechanism of Gully Erosion

7C.1.1 Regional Distribution
1 Pre”cipizaﬁon (Data-Base Map No.6, Isshytal)

“Notable gully erosion occurs nostly in the climatic zones with 1 ,200
s or more annual precip:tatmn (Fig. 3). Some SHAs or SSHAs in HA II, Tl
and IV, which belong to the subhumid climatic zone Wwith annual precipitation
rangmg botween 800 and 1 ,200 mm, are ranked as medium serious or higher in
the Data-Base Map No.25 (Present Distribution of Gully Eresion). No serious

“gully erosion is reportcd in the dry and semiarid climatic zones with annual

preClpltatan 6f 600 mm or less.
(2) Topography
Though gu!ly'é‘rosion occurrences have been reported in highlands of

the Central Plateau and in the mountainous area adjacent to the international
border with Cameroon, topographic features appear to have no distinct relation

‘with gully erosion.” However, initiation of gully erosion under natural
conditions is considered to be related to development of fractures in rocks
“forming terrains, which may be reflected, to some extent, in topographic

features as density of river courses. A river course density map is prepared on

the basis of 1 to 500,000 scale satellite images (the same set as used for SIA)

and is shown in Fig. 5.

The fo]lowmg three methods are generally accepted to obtain an index

“fot river course den31ty,

‘-_dnwdmg the total length of rivers and va]leys by the total area -

- ._(Neumann) N

b dw:dmg the total number ol‘ headwaters by the total area
- A(Belgrand) _

e ‘d1v1d1ng the total length of‘ rivers and valleys by the. total number

. of conﬂuences (Penck)
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: The river course density imap as shown in Fig, b, is prepared according

to method a., in which lengths of all the rivers and valleys in each SHA or
SSHA observed on the satellite images are measured; summed and divided by
the total area of the relevant SHA or SSHA.

 The river course density principally reflects terrain resistance to
weathering and erosion in terms of geology and geologiéal- structure.
Therefore, areas of high river course density do not necessarily include SHAs or
SSHAs of serious gully erosion as seén by comparing Fig. &5 to the Data-Base
Map No.25. However, SHAs or SSHAs ranked as medium serious or higher in
the Data-l_'}ase' Map No.25 are mostly located in areas, in which river course
density is higher that 0.05 km/sq, or of the first and second orders of the densily
ranks. It may be implied that the river course density indicates susceptibility
of terrains to initiation of gully erosion under natural conditions.

- (8) Geology

The southern part of Nigeria, where gully and sheet erosion are
prominent, comprises mainly sedimentary rocks of Cretaceous or younger ages.
In addition, alluvial are extensively developed along the major rivers such as
the Niger, the Benue and the Cross as well as their tributaries. These
sedimentary rocks and alluvials are highly susceptible to all-types of erosion
‘unless thickly covered by vegetation. The pronounced gully erésion complexes
in the Anambra and the Imo States are located in terrains which comprise
Cretaceous sedimentary formations gently dlpplng to the west and are
“characterized by cuestal landforms.

Apart from the térra_ins comprising sedimentary rocks and alluvials,
notable gully erosion is also observed in the Central Plateau including Abuja
FCT and in the eastern mountainous areas adjacent to the international border
with Cameroon. Beth of these areas consist of precambrian basement rocks
which are generally resistant to erosion under natural ¢onditions. Gullies in
* the Cental Plateau are mostly located near the peripheries of basement rock
- exposures or in the debris comprising basement rock fragments surrounding

the exposures, where weathering is intense. Thesegﬁlliés have apparently
‘been initiated on bare lands created mainly by open cast mining activities
which have further progressed the erosion.’ Therefore, the geology 1s not a
primary cause of erosion. The Precambrian rocks include granite and are also
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intruded by younger granite (possibly of Jurassic). - It must be noted that
granite is susceptible to weathering under trepical or subtropical climatic
conditions when e‘xpo'sed and forms incoherent seils comprising mostly medium
grained parhcles Rills aré easily formed on terrains comprising gramtlc soils
and grow to gullies.

Gullies in the eastern mountainous areas are not well documented but

_ are probably of natural eccurrence due to steep terrains.

(4) Vegetation

Vegetation cover is eséential to protect lands against erosion, ‘In other
words, barelands are more or less susceptible to erosion, The bareland
distribution map (Fig. 4) indicates that bareland ratios are relatively high in

" the North-West, the North-Fast, the Central East and the South-East Regions.
" The barelands in the North-West and the North-East Regions are suffé'ring

intense wind erosion under the semiarid climate conditions (Fig. 3) and are
threatened with desertification at an alarming pace. Gully erosion ranked as

‘medium serious or high spreads in the Central-East and the South-East
Regions, particularly whére bareland ratio exceed 10% (Fig. 4).

‘Urban de'velopzhent tends to expand bz‘irelands The Anambra and the

- Imo States, where serious or very serious gully erosion develops, are located in

a highly urbanized area (Flg 6).

Of vegetated lands; agncultural lands are susceptnble to erosion if
farming practices are inappropriate, such as slash-and- bura method or
ultivatmn without proper fallow periods. ‘Grazing and fuel wood cutting are
also su'bstantla]ly contrlbutmg to deforestatlon and are e:cpandmg barelands
atan a(:celerabed pace. These activities are ¢ssential for Nigerian peOple S dally
hfe and are bemg carried outina dlsorderly manner.

7C. 1.2 Man-Made Disaster

Teis believed that erosion is mostly caused by human activities and it

is _pos_siblé'tb be‘prev_e'nted" by taking appf’o;iriaté"'mea'su'res. "‘The causes are



attributable to (I) improper land use. (2) improper infrastructirre development
and (3) inadequate erosion protection works.

All the land in Nigeria is owned by the Federal Government. 'Péo:ple
have to apply to the Federal Government for land uses. ‘However, there are
practically no restrictions on purposes and ways of land uses from an
environmental conservation point of view.

Increase in food production is a National requirement to accommodate
increasing population in Nigeria, resulting in expansion of farming and
grazing lands in rural areas. Slash-and-burn is the traditional and the most
popular farming method, particularly in the central and the southern parts of
the country. - This farming practice causes deforestation which leads to
expansion of barelands susceptible to erosion. By the same token, overgrazing
to increase livestock production is also responsible for expanding barelands.

In the northern'semiarid-dry climatic zones, people aré relying on-
shrubs for fuel. Overcutting of shrubs degrades soils, leading to desertification.

Accelerated infrastructure development in urban areas is the most
conspicuous cause of land degradation and hence of erosion. Excavation of
lands expands barelands and construction of paved highways increases surface
with high runoff co-efficients. Infrastructure development réquires careful
planning and design for protection of structures and surrounding lands against
destruction by water runofl, erosion, mass-movement of other natural ¢causes.
~ Unfortunately, however, most infrastructures in Nigeria have been constructed
without taking an adequate consideration of land degradation in general or of
gully erosion in particular. Improper construction works and in'app'ropri'ate
maintenance also cause damage to lands, leading to accele’reition'bf erosion or
induction of mass-mo#ement. Recent urbanization is p_rogréssing at.a
considerable pace in Abuja FCT, and the States of Anainbra Imo, Rive'r's,'Akwa
Ibom, Abia and Cross River which have heen a]ready affected by notable gully
erosion,

Since engineers in Nigeria are well aware of the seriousness of gully

' 'erosion, gully erosion control works have been exercised at various localities.
However, many erosion control facililies are not functlonmg satzsfactonly due
to inadequacy of planning and design, lack of consideration for hydrologic or
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hydraulic characteristics, improper construction: procedures, or inappropriate
maintenance. If facilities are damaged due to these faulty practices, the gully
erosion situation will further deteriorate.

7C.1.3 Phﬁy_ical Features of Gully Erosion
(1) Water Action

Rainfall runoff is the principal agent for initiating gully erosion. At
the initial stage, as aforementioned (para. 7TA. 2.2), rills are formed by surface
water and grow to gulhes as surface water progresswely concentrates into rills
and shaves off surface soil. Under the tropical rain forest climatic conditions in
the southern part of Nigeria, gullies grow swu‘tly with heavy rainfall during
the wet season.

Where the ground is highly permeable to water, surface water easily
mﬁitrabes into the ground and mcreases subterranean water flows or lifts
groundwater levels. Increased subterranean water flows due to extremely
heavy rainfall during the wet season sometimes wash out a considerable

“amount of subsurface soils and form subsurface caves of tunnels. Grounds

become unstable with inereasing dimensions of the cave or tunnels and

' u'ltimately collapse, forming sizable valleys or depressions. Erosion caused by

this mechanism is called ‘tunnel’ erosion and is sometimes classified as a type of
gully erosion.

Lift of groundwater levels reduces apparent weight of land hence

'stabilitsi'of-a land mass making it liable to gravitational movement and

triggers mass-movement including tand- slide. Steep gully walls are at risk of

" mass-movenient which often occurs suddenly due to heavy overnight rainfall.

Mass-movement is not a direct agent forming gullies but is a dangeous element

' associated’ Wwith gu]hes because of its sudden occurrence and because it
-='enhancesgullyer0310n. o L '

B (2) Geologleal Features

The must notable landfofm in the South East Reglon where a number
of seraou_s gully erosion sites occurs is cuesta formed ovér Cretaceous formations



dipping gently to the west. “The following ﬁgure indicates a mode! of the process
with which the cuesta has forined.

Antiching] valiay

£rosion gultizs ‘1

" Sezip slo;.)é

—
fForces

A Model of Cuesta Formation Process -

A cuesta comprises a pair of steep and gentle slopes, ca]led searp and
dip slopes respectively. The scarp slope is more sus‘cep_tiblé to xné,ss-ln'oveme'nt
than to erosion, white the dip slope is susceptible to erosion. The longer the dip

slope is, the more the ergsion isintensified, and the more the contnbutlon of the
rill and gully erosion becomes apparent, as shown in the followmg figure. Most
gullies in the South-East Reglon havé probably been mitaabed accordmg to this
geomorphologic process. ~ : , :
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The Cretaceous formations comprise alternation of loosély
consolidated sandstone and siltstone locally interbedded with coal measures
and are generally easily decomposed by weathering. Decomposition of these
rocks by weathering forms surface soils that are weakly résistant to erosion,

There is a slight di_fference in susceptibility to weathering among these rocks,

Where strata with different susceptibility are exposed side by side, linecal
depresswns are formed. Rainfall runoff concentrates in the depresswns and
initiates rills which grew to gullies.

Gullies in the Central Plateau and the eastern mountainéus area are
formed in the be'rréins comprising mainly Precambrian basement rocks, and
are mostly initiat_ed' by artificial or geomorphologic¢ factors. As previously
mentioned (para, 7C. -1.1),-it must be noted that granite, included in or
intruding the Precambrian basement rocks, tends to bé easily decomposed by
weathering under the tropical or subtropical climatic conditions when exposed,
forming soils compnsmg lnccherent medivm grained partlcles susceptlble to
erosion, ' :

(8) Soil Characteristics
The Nigerian terrain is covered by desert soils in the northern

semiarid-dry climalic zone, tropical red soils in the eentral subhumid- huniid'
climatic zone, forest soils in the southern very humid climatic zone, and

‘alluvial soils in the flood plains along ma;or rwers and i m the coastal plain and
deltas facmg the Gulf of Guinea,

- The deSert soils are sandy, comprlsmg mostly mcoherent medivum to
fine grained partncles and are liablé to wind erosion during the dry season and
water erosion during the wet season, Development of humie top soils is
extremely poor and is generally unsuitable for vegetation except in depressions

‘or seasonal natural water reserveirs along major rivers or near Lake Chad.
Erosion proceeds evenly over the entire area and does not normally develop

gullies unless disturbed by urban or regiohal development,

The terrain covered by forest comprises principally the tr0p1cal red
soxls with better develOpment of humic top soils. The humie tép soils contain
sufficient nutrients to support tmplcal ram{‘orest growth undeér the humid and
warm ‘climatic conditions. - The tropical rain forest, supplymg humus to the
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soils, protects it from erosion. Accordingly, once deforested, the fertile top soils
are easily removed by erosion and the area becomes exlremely vulnerable to

erosion. In fact, many gullies are developed in the terram cOmprlsmg the forest.
soils where deforésted. ' :

The alluvial soils are relatively fertile and suitable for cultivation,
¢ontaining an appreciable amount of moisture even during the dry season and
nutritious minerals and organic substances _suppl'ied by‘-rivérs.“ It must be
noted, however, that the flood plains and the deltas are liable to seasonal or
tidal flooding as well as bank érosion and scéuring because bralded river
systems are highly developed '

- The tropical red soils are classified into iron and aluminum rich
laterite and iron rich red soil. These types of soils are prevailing i in the high
temperature and highly humid climatic zone and are characterized by (1)
immature and unstratified soil profiles of considerable thickriess, (2) low pH; (3)
high CO, contents, (4) accumulation of ferric and alluminous oxides or hydro-
oxides, (5) poor development of humic top soils and so forth_; “Weathering
reaches to a considerable depth and forms a large amount of ¢lay minerals
under the tropical humid climatic conditions. As we:at'hering' progresses,
increasing amount of clay minerals as well as their transformation from three-
layer to two- layer structure further intensifies the weathering. Accordingly,
‘the surface of tropical red soils terrains is contmuously eroded and becomes
liable to gully erosion in particular. : Although the central subhumid-humid
climatic zone in Nigeria is largely covered by Guinea Savanna and is protected
to some extent, a slight disturbance of vegetation by human activities makes
the terrains extremely vulnerable to erosion. A number of gully eroswn sﬂ;es §
are observed in this zone, parhcularly in HAsTLTIL Vand VIL, .
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