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Abstract _ :
Nigerian coastline is increasingly subjected to a number of

geomorphic, structural and morphological changes due to a
combination of several processes and change factors. Land
subsidence is one of the major event causing geomorphic and
morphological changes in the coastal areas. This study utilized GIS
techniques, multi-date remote sensing data, auxiliary data and field
work to examine, identify and estimate varying degrees of
subsidence in Nigerian coastal region. A total of 503 study stations
were randomly generated along 853 kilometres stretch and 15
kilometres inland trajectory. The subsidence or elevation differentials
at each station was computed as arithmetic difference of the two
digital terrain data sets (Aster 2001 and SRTM 2008). Correlation
analyses were performed on the subsidence and distance of study
stations to oil wells and corresponding land use types around the
study stations. Subsidence was found to be positively correlated with
distance to oil wells (0.557) while it has weak negative correlation
with land use types(-0.0610). The study concluded that subsidence
ta'kmg plaf:e in Nigerian coastal area is compensated by river
discharge in the delta region, sand filling in the Lagos end and

construction of shoreline protection, jetty and sand filling in the
eastern end.
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v combinaison de plusieurs processus et facteurs de
rarson duml Js que I'élévation du miveau de Ia mer, 'afTaissement
"h‘uwﬂm..”:-h;,|-.; le paz et exploration de T'eau et d'autres activités
b mur:w 511} l'c;lsmnhlc de ces changements qui se produisent
illl:::m::ll [;‘_‘L}:--Il'ﬂl'i n'utiﬁu:-, I'nl"ln.isscm-:nl du. 1?rrnin est I‘pn des
LR et majenr cntrainant des L'I'I;!.l_‘IgCI'IICI?Ith gu-:mmrplmIuglqucs et
s piques dans les zones coticres. Cette '¢tude utilise SIG,

| _l.",..clh; données de telédétection, dch données auxilinires et
m“-“lt:.m le terrain pour examiner, identifier et évaluer des degrés
:;:‘{:L Jc la subsidence dans Iln r‘{‘%:inn Cl:ltil'.'.‘l'l..‘ (ll.'l Nilgurm. Un total de
<03 stations d'¢tude ont Ste géndrés de Im;n?n nl::utfu.ru le long de 853
!.:m extensibles  «t l.‘ﬁ ki|(‘.-l}n:ln's. H lmturlf;ur trajectoire.,
L'afTaissement ou I'élévation d-;s écarts a chaque station a été calculé
comme la différence arithmétique dt::‘- deux ensembles de données
pumérique de terramn (Aster 2001 et b]lTM. 2008). Les analyses de
corrélation ont été eflectués sur la subsidence et de la distance des
gations d'étude de puits de pélrol_c el lu:s'lyp::s d'utilisation des terres
comespondantes autour des stations d'cl.udc. L'affaissement a été
constaté une corrélation pusi.livc avec la Q|ﬁlﬂr1cc aux puits de pétrole
(0,557) alors qu'il a une faible corrélation négative avec les types
dutilisation des terres (-0,0610). L'¢tude a conclu que la subsidence
qui a licu dans la zone cOtiere du Nigeria est compensé par le débit
des rivieres dans la région du delta, le remphssage de sable en fin de
Lagos ¢t de la construction de la protection du littoral, jetée et le
rcn;plissagc de sable dans l'extrémité orientale,

morpholo

Mots clés : Subsidence cotiére, I'¢lévation du niveau de la mer, la
recharge de la riviére, l'utilisation des terres

Introduction

Nigerian coastal terrain is constantly modified and realigned by a number
of geomorphic, structural and morphological changes occurring in long
and medium term intervals. A combination of scveral processes and
change actors such as sca level risc, land subsidence, oil, gas and water
exploration, erosion, coastal flooding and other anthropogenic activities
are causing changes o the terrain and coastal ccosystem. A graphic
understanding of these changes is imperative for the survival of the
Nigerian coastal population and the fragile ccosystems. Nigerian
coastline of about 853 kilo metres together with the inland trajectory of
about 15 kilometre inhabit up to 25 % of Nigerian tcaming population of
over 160 million. Notable changes in the morphological and
teomorphological landscape of the coastal regions include sca level rise
ind subsidence. Coastal land subsidence has particularly attracted
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; - to the linkages with climatic chy
research .méfr(e)sftstlfspzzlaasltlg’l diL::}alabitants.(Xue ct al 2005; Lars()n
tZI:)[:O ls,qu:; et al 2004, Holzer and Johnson 1985) et )

Land subsidence is the sinking or settling of the land. The Major
cause of land subsidence is the depletion of ground water level especially
in unstable and clay substructivp layer. th_n underground Water g
pumped to the surface for provimgn of doplestlc water or as associateq
process of oil exploration, the piezometric head layer drops and e
effective stress on the aquifer increases and thus causing the compressiop
of the soil and land subsidence.( Larson et al 2001).

Land subsidence is caused by the lowering of the land-surfyee
elevation through changes taking place underground. The major cause of
land subsidence is coastal marine processes through attrition and erosion:
however a number of anthropogenic activities can also result in coasta]
land subsidence. Such activities include pumping water, oil, and gas
exploration from underground reservoirs; dissolution of limestone
aquifers (sinkholes); collapse of underground mines; drainage of organic
soils; and initial wetting of dry soils (hydrocompaction).

In Nigeria there are evidences of coastal subsidence which
manifested in many reported building collapses in Lagos, Portharcourt
and other coastal settlements (Ibe 1996). Unequal settlement of buildings
(see fig 1) and large cracks on buildings which are common in many
coastal cities in Nigeria are also signs of land subsidence and
substructure  deformation. Some of these evidences have been
documented in anecdotal reports and scanty academic publications. For
instance Udoh and Udofia (2014) estimated the potential subsidence in
Akwa Ibom through the ground water levels indexing using GIS
techniques. A number of committee report on inquiry into building
collapse have fingered land subsidence as major cause of building failure
coupled with the use of substandard matetials not commensurate With

the bearing capacity of the soil.(Environmental Statistics: Situatio?
Report of Federal Republic of Nj geria)
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Fig.1 Evidences 0 . o RS M e '
state Nigeria / Subsidence in Ayetoro Ondo State and Og



Coastal land subsidence and morphological change i1
The monitoring of subsidence requires detecting changes in e
arth’s surface across a region over a period of time (Koulali ¢t g,
2013). Several metl_lods have been adopted by researchers. especially o
neasure and monitor subsidence at sn?all and large scales. These
qpproaches could be broadly classified into three; which are ground
hased observation and measurement, Airborne observation and
measurements and space based observation and measurement.

Ground based observation and measurements method has been widely
used for experimental research over a limited land area and specific
period. The approaches used by researchers under the ground based
observation and measurements are many but the popular one is the
(RGS) Repeated Ground Surveys. The method, though has been widely
used in the past, is prone to gross error of estimation. Permanent
compaction recorders and vertical extensometers were developed as
improvements over the use of GPS but were also fraught with limitation
of accuracy. Tilt meters technique was also developed to improve on
accuracy of ground based measurement. Tilt meter has improved
accuracy over extensometers but it is rather expensive and has only been
limited to experimental use over small area (Holzer and Johnson, 1985).

The ground based observation and measurement method has limited
application and can only be used for experimental purposes in area
around 20 kilo metre. It is also difficult to set up in rural areas where
protection of equipment cannot be guaranteed aside from the high cost of
setting up and maintaining experimental stations.

Airborne Observation and Measurement method; the method requires
scheduled repeated aerial surveys of Interferometry Synthetic Aperture
radar (InSAR) over the study area to measure and monitor land
Subsidence (Galloway et al 1998). The method has theoretical high
dccuracy in the order of 0.lmm but the accuracy is limited by
atmqsphefic disturbances (Cigna et al 2013). The approach also has
%plication potential over large area up to 100 kilometres. The alrbomi
Method also require the installation on the ground targets, sensor ge
"eflector which can also be dislodged or removed by human interferen
“Specially if they are installed in farmlands or other active areas

the space ]?ased
ea with unifor™
n used to

m cost Per

§ :
Pace Based Qbservation and Measurement method

e i
4 thod is the most cost effective approach over large ar
HCCurac data have be€

tig Y of estimation. Space based radar . minimu
Sure and monitor subsidence over large area with m
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y level (5- 100mm). The Space
ferred 1n the devcloging .countrics where
ed experimental stations 18 fl‘flught With
from prohibitive cost and insecurity of

. - ¢ c
unit area and with satisfactory qccura

bascd method is often Pre
resources to setup ground b.as
number of challenges ranging

iiBHELE : ff. , ;
sqpieTle 8 to evaluate differential subsidence along the

o tudy 18 :
The aimn of the StCy the possible causes. The specific

Nieerian coastal area and examine .
objbectives include the extraction of clevation vz‘llues- from sampled
stations from to date data and identifying the elevation differentials over

the period. The causes of the elevation difference were also explored,
The next section of the paper described the study area while section three
presented the methodology, section four presented the results while

scction five showed the policy implication and conclusion.

Study Area . o
The study area is the entire stretch of Nigeria coastline which 1s a total of

853 kilometre stretch and include a trajectory of 15 kilometre inland
(Figure 2).
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Fig.2: The study area

'The study area shows the prevalence of onshore south western winds
which is even very strong during the dry season (November — March).
When the north east wind reaches the coastal areas as a consequence °
the downward migration of the inter-tropical convergence zone (ITCZ)
the wind velocities are usually between 2.5 and Snfsec (French et al,
1995). The waves in the coastal area include regular wind waves and sed
waves around (pariv 3-8 sec). The intense wave in the coastline with
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sical energy on the beaches :
which result in coastal ﬂoodingg?nigi.tgstideSthtive littoral
f agricultural and recreational groups ng of settlements
goastline.sub?idence has been evalu'ated b :
cially .Ajakalye and Burke (1973) ezt'l‘esearchel.s s
subsidence of 80m 1n about 15,000 years and was due t imated coastal
_ Jevel r1s€ and the isostatic adjustment to water load o B B
(1962) also noted sequential subsidence and attrib g are el
dewatering and compaction of rapidly deposited seé' uted the sinking to
The rate of ‘subsidence in the Nigerian cbastlineu;;egtt‘s]i i
Ig hgs been estimated that Nigerian coastal land aro (1:1 inconclusive.
sinking at an average ra‘e of 2.5 cm/year (Udoh and ;Jul!o? N e
iiigz;e afr‘l X 1L1£‘?Iform measurement of Nigerian coastal ;31)2%14)- T
ry for effective sustainable development of coastal rcsojiczsce °

Eurr ents
Jestroying ©

Nigerian
quthors spe

Methodology
Dat ng: 1l
a sourcing: The study utilized three types.of data sets which include

Advanc :
capmregdinspz%:gl bonc:lle Thérmal Emission and Reflection (ASTER)
jpl.nassa.gov/. The aélh obtained from NASA website httpi/asterweb
sl i 2608 o uttle Radar Topography Mission (SRTM ) data:
gov, The study ai‘so'dcc.e.s sed through USGS website at http:/srtm.usgs.
Siisserl Brorn GLCFutlhzec! Landsat ETM data obtained in 2005 and
used include locatio we? Sike glcfHmd.edu/data/landsat:’. Other data
petroleum Resources 1ZIDI?R oil wells obtained from Department of
from reports of enVil‘Ollment)all\;Itﬁzrii and other anecdotal data obtained

ce clevation values were
from ASTER and
solution (ASTER
sampled
tial

Data p ;

extract;(? Cfi.;smg am{ 4"‘11}’535-' The land surfa

SRTM data ?h the digital terrain models developed
. The two data sets have different spatial re

30 meters
i and SRTM 90 meters) therefore SRTM data was 1€
he Aster data spa

f 5,000 cells, from

Ihe enti c
ntl .

re study arca was divided into a grid o
for study stations.

Which 3 14

pon Clos;-dg? sample of 560 cells were selected

18Carded whe servations of these study stations, some gtations were

OWland gych ‘n they were found to be at the border of highland an

the error le\,elds river banks, or the base of a ridge which could inC
s of the estimate. Consequently, in the final analysis @ total

stud :
y stations were used for the study.
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The values extracted from the two datasets were stored 1n a relationa]
database for spatial analysis. Arithmetic dl_ffercnce between the surface
clevation values recorded for cach station WErC used to measure

subsidence or otherwise in all the stations.

Correlation analyses of land subsidence: Data on.locatlon of oil wells
was overlaid on the study stations layer and the d1stanc§s of the study
stations to the ncarest oil well was computed and stored in the databasc.
Land use /land cover was also exwracted from the Landsat ETM data
obtained in 2005. The land use classes were ranked basef:l on the weight
or pressure exerted on the soil and the substrate characteristics associated
with particular land use. The classification ranks are shown in table 1.
Pearson moment correlation analysis of elevation difference
(subsidence) and the distance of station to oil well and the land use

classes were computed.

Table 1: Subjective Ranks of land use types,

SN “Rank | Land use

1 1 Water

2 2 Secondary Vegetation, Cultivated farmlands, Bush
Fallow

3 3 Open Space

4 4 Settlements

5 5 Rainfed Deltaic

6 6 Nypa Palm

7 1 Swamp

8 8 Fine Sand

9 9 Mangrove ,Mud Flat

10 10 O1l Facility

Results and Discussion

The result of the analysis showed that though Nigerian coastline is
relatively low-lying, there are pockets of upland area within the 15
kilometre inland trajectory. Figure 3 shows the elevation models of the
study are in 2008. A large portion of the study area lies below 6 meters
above mean sea level. The upland area can be found in Ondo state
around Igbokoda, Okitipupa sections and the Uyo- Calabar ends of the

coastal zone. Some of these areas have elevation in the range of 25- 38
meters above mean sea level.
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Fig.3: Coastal terrain in 2008

This eastern part of the coast is close to Cameroun highland and the
Adamawa ridge which account for the high elevation at the Bakassi
region. A number of sand filing exercises are also taking place in Lagos
end for developmental purposes and coastal protection purposes which
account for relatively high elevation between 2-12 metres above mean
sea level in some parts of Lagos around 10 kilometres away from the
coastline,

Coastal Relative Terrain in 2001 (Meters)
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Fig 4. Estimated Coastal relative Terrain 2001

Jevation
An analysis of the terrain in 2001 shows an a\fii:g:r:isolated
Stween 0 meter to above 38 meters. The highest po! This further

ound Ondo state, Delta, River and Cross River states.
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strengthens the earlier position that Nigerian coast 1s not uniforp, plai
terrain.

The 2008 elevation data extractions show similar terrain
characteristics with very minor changes in 7 years. ”ljhe changes are both
negative and positive but negative elevation difference are more
pronounced than the gain area. The negative elevation area can be
attributed to subsidence while the positive area could be attributed to the
sand filling and development programme taking place in the coastal area,
It could however be due to error level introduced from the different
spatial resolution of the images. The establishment of this error terms is
not within the scope of this research. The dominant highest points are
retained but with little modifications in some parts. Major positive
change could be identified, Delta and River states where a number of

manmade structures such as riprap, boulders, and concrete infrastructures
were erected to protect shoreline from coastal erosion,

—

5 Estimated Coastal Terrain Subsidence 2001- 2008

ad Ayetoro ' Bormy- Calabar
-40 N Y Brass ———
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pelta region and sand filling in the Lagos end shoreline protection
infrastructure in the eastern end of the coastline.

Generally land Subsidence was noted in all the coast
notable ones could be fou1.1d aroun.d Igbokoda, Burutu Sagbama and part
of Uyo. The most extensive subsidence could be noted at Ayetoro and
Sagabama. Where most of the stations recorded subsidence. The annual
rate of subsidence is in the range of 0.1 metre or 10 centimetre 2
centimetres in most parts of the Coastal region in Nigeria, '

General terrain analysis showed that the Lagos Badagry end of the
coastline had relatively stable condition as fluctuation in elevation is
noted to be very marginal around 2 to 3 meters variation, In the Igbokoda
and Ogun water side part of the coastline there are variation in the
elevation as shown in figure 6. Major subsidence or negative terrain
differentials were noted around the transgressive mud coast of Ogun
waterside, Ayetoro, Igbokoda axis, and Mud flat and mangrove region of
Ogudugbe, Burutu, Forcados axis. Marginal or no terrain loss was noted
in Lagos Badagry Axis and Bonny- Brass axis.

al areas byt

Results of Pearson Correlation Analysis of land subsidence and
selected anthropogenic factors

Statistical analysis of the relationship between subsidence and land use
types around the study stations was conducted. The landuse types were
ranked according to the soil substrate that the landuse types thrive, the
root structure and the effects on the soil bearing capacity and the weight
of the super structure of the canopy on the soil. The ranks for the landvtlse
types are shown in table 1. The correlation analysis, showed a negative
correlation value of -0.0610 significant at two tailed test. This shows a
very weak negative correlation value which indicates there is a very
weak negative relationship between the land use types and the nature,
types and levels of subsidence in the study area. The relatlolnshlllg
between the presence and distances of oil wells to.the subs1denct:3 ({)3\;' -
in the study stations showed positive correlation values of 0.
significant at two tailed test.
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Fig.7: Location of oilwells and study stations

The result shows that the nature of subsidence observed in the study
area is influenced by the oil exploration especially on point by point
basis though it cannot be ascertained on the general terrain differentials
in the entire coastal region. The general elevation differential could be
attributed to other forms of anthropogenic activities and natural
processes. It was also observed that in the Niger Delta region of the study
area where the 0_11 wells are concentrated a number of activities are also
taking 131_393. which can raise the ground level and thus the elevation.
Sut.:h activities or projects include including shoreline protection, sand
filling of previously vegetal area to create settlements and fishing camps,
f:onstructlon of manmade structures such as riprap, stone embankment,
jetty and concrete beaches and other structyres. Sediment discharge i
also prominent in the delta region of the study area and results in raising
elevatlon. area of the study stations. From the analysis of the land us€
characterisation of the study area it could b d iger delta
; e < ¢ deduced that the Niger
15 VeLy acive 11, telms ordeposition of sediments from brackish water of
the distributaries of River Niger ang the tida] d » ds and

. ; eposition of sands 4
sediments from the }}tl_antlc. The deformation and the subsidence being
caused by the oil drll[_mg and compaction of the mud flat and marshy
land are being replenished by the sediments tr deposition

long the coast. Manmade st transport and dep
along -Stucture from Niger Delta Development
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rporation (NDDC) aggressive drive to imp_rove the living condition of
(ft; PDelta include sand filling and compaction of sediments to create
;;)ace for developmental projects and to protect the shoreline from

further erosion. R _
In the Lagos end of the coast the elevation is fairly stable though

there are @ number of boreholes involving pumping underground water to
ihe surface which theoretically should have resulted in large scale
subsidence, however it could not be noticed from the methods used
because there are aggressive sand filling of the creeks to create islands
and development pads. The lagoon has been heavily dredged to provide
sand for the filling of the upland. It is plausible that the rate of sand
filling is commensurate to the rate of subsidence. However some stations
in this segment of the coastline record subsidence as shown in Fig 6.
Especially around station 11 and station 51. These include areas around
Badagry, Ibeju and Epe-Lekki of Lagos.

Conclusion and Policy Implications
Effects of Land subsidence in the coastal sedimentary region typically
include changes in elevation and slope of streams, canals, and drains,
which can increase coastal flooding, damage to bridges, roads, railroads,
storm drains, sanitary sewers and canals. It also includes unequal
settlements  of buildings or collapse of buildings and public
infrastructure. There is noted increase in tides moving into previously
upland areas used for fresh water agriculture. When salt water from the
ocean move into farmlands the crops gets destroyed and food security in
the rural areas is constrained. When the coastland gets submerged it
accelerates sea level rise in the region and this further reduces the
?g;t.)unt of land available for other anthropogenic activities in the coastal
10n.
Smai{h: subsidence in not uniform in the study area even in a relatively
be infell::a dSOIIlne places e?fperience high subsiden.ce than others. It C((:;uld
anthropoee t AL the, ?“bSIdence are re.lther localised and are relatef ﬂtlz
o cge m;: actmt}es. ratl_ler than chmatg change. T_he geology 3 Jois
the stud of the coastline is also relevant in the subsidence recorded 1
| dy area,
Tegitl)tnlﬁa:gpse céeq ta as population pressure increases in the SC?;Sﬁ
verage annugl Sldenf?e will be aggravated. 'Thcre are ewdenc;:eas ey
between 2 and SSUbS{dence rate of 10 centimetres 11 somte Iare hy
1S expecteq ey l::(:n’currlfetl.'es.'m_ most areas 9f Ni gerian coasl atjongresults
increage i € rate will increase as the increase in popula Tl
| mands for ground-water supplies and increas
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As coastal settlements increase in terms

of number of buildings and pOPUIatio,n and Bp lnsilr(-:aflc:iemﬁfefgzugg
water will be exploited for domestic al-ld s lta 1 aree; will furthe
exploration and a host of other activities in the coasta r
exacerbate the subsidence of the Nigerian coas.tal TR O 2
Possible measures to reduce subsidence 11 the CO?St.al reg;fn 18
explore offshore drilling rather than.the onshore drlnjlhnlgcgl ;v élCh ltlacsi
greater potential for causing land subsidence. Efforts should be ;lrec e
towards reducing ground water usage In the coastal cities through
provision of pipe borne water and from other surface water sources and
rain harvesting. Environmental impact assessments of pr.o'leCtS o e
coastal areas should include the implication of these projects on land

subsidence.

exploration in the Niger Delta.
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