Near ShoreBathymetry Evaluation using
Remote Sensing M ethod*

Ekpa, A. U.
Ojinnaka, O. C.

ABSTRACT

This study explores the application of satellite remote sensing technique in near-
shore bathymetry. The study area is a section of Cross River which lies between
Akwa Ibom State and Cross River State, as well as Bakassi Peninsula. The
extensive coastal waters of Nigeria have remained uncharted due to constraints
imposed by government policy, funds and technological limitations. The
applications of conventional technique of bathymetry such as echo sounders or
swath sounding systems are inadequate for mapping very shallow areas due to
sensor fouling or prohibitive cost in attempt for full sea floor coverage. The data
employed include multispectral Landsat-7 ETM+ image set of year 2000, sounded
depth for 2012, tidal data and extract from Admiralty tide tables. Tidal prediction
was carried out for 2012 and in retrospect for 2000. The sounded data and
Landsat-derived depth were reduced to the same Chart datum for ease of
evaluation. Atmospheric correction of the satellite image was accomplished
using Improved Image-Based Dark Object Subtraction (DOS) Model, while
Sumpf’s Ratio Model was employed to estimate the bathymetric depths. The
depths derived fromthe ratio of blue/red bands reveal better bathymetric depths
than the ratio of the blue/green bands when compared with the sounded/ground
truth data. The results obtained agree with the specifications for under-keel
clearance in shallow water navigation and therefore showed that this technique
can be adopted for safe mapping of the Nigerian Coastal waters. This is an
efficient and cost-effective technique for near shore bathymetry and is therefore
strongly recommended for mapping and monitoring of sea floor changesin our
coastal waters.

Keywords. Coastal waters, near-shore bathymetry, remote sensing technique,
navigation

INTRODUCTION
Bathymetric survey of shallow watersisof fundamenta importanceto coastal areaswhich
are often characterized by high population density, heavy maritimetraffic and vulnerable
natural ecosystemslikemangrove, creeks, lagoonsor cord reefs. Minghelli-Roman et al
(2007) observe that in many regions, sea depth changes because of erosion and
sedimentation processes and bathymetry must often be accurately updated. All these
attributes spur up environmental investigation of the seabed morphol ogy, and monitoring
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of navigationa channelsfor safety, to ensure proper management of resourcesin the coastal
zones. Though theseare common exercisesin devel oped countries, therearestill mythsin
developing countriessuch asNigeria. Itisinteresting to know that many coastal environment
of theworld havenot beenfully surveyed, and many that have been surveyed are serioudy
outdated (Fisher, 1999). But nationswho have made maximum utili zation of their marine
resources have properly charted and updated their chartson regular basis. InNigeria, the
scenarioisdifferent becausethereisno central body to provide accurate bathymetry data
for the numerousin-land and coastal waters. Therefore, lack of comprehensive up-to-
date navigationa chartsisastrong factor asto why most marineenvironmentsin Nigeria
have not been properly harnessed. To thisend, charting of waterswere undertaken by the
Nigerian Ports Plc, the Inland Water ways, the Nigerian Navy and some other Private
Organizations, with each concentrating withinthelimitsof her specific areasof operations
(Gjinnaka, 1997). Economicdly, activitiesinthemarineenvironment, such as, trangportation
of goods, commercial fishing, and tourism, etc, have adversely been affected withinthe
country. Consequently, thishasmilitated against rapid devel opment, and accruablerevenue
to governmentislow or lost in some cases.

Someof thefactorshindering charting of water-waysin Nigeriaaremostly dueto
possibility of grounding in shallow (>5m) waters, and inaccessibility of some marine
environments by the conventional ship-based sonar systems. Other associated problems
withthistechniquearehigh cost of equipment, personnel andrigorousfield survey procedure,
efc. Theaftermathisthat monitoring of changeson the seabed topography isunattainable
because the extensive areas of water bodies near the coast are either uncharted or un-
updated for alongtime. Theseunfortunatesituationshavemedeit difficult for most devel oping
nationsof theworld to pay seriousattention to the charting of their waters.

All these deficiencies need to be addressed and arrested by opting for atechnique
and datatypethat will makefor fast and effective production of the charts and other
navigational essentialsbeing that the orthodox boat/ship-based systems and techniques
arefraught with problems. Asaresult of these setbacks, satellite remote sensing technology
inthe 70swas gradually adopted asan aternativein clear water bathymetry mapping to
minimizefield work. The synoptic view, easy access, and dynamic nature made remote
sensing approach arather cost effective way to provide quick solutionsto bathymetry
mapping for studiesof thefast-changing coastal environment (Zhongwel and Minhe, 2008);
and also provide afaster and cost effective alternative to ship-borne sonar bathymetric
mapping in shallow waters (Md sheimer and Chin, 2001). Hence, itisexpedient toexplore
satdllite remote sensing technique, using multispectra satelliteimageof Landsat 7ETM+
to estimate bathymetric depths of Nigerian coastal shallow watersfor the purposes of
monitoring possible changes of seabed topography in coastal shallow waters,

TheSudyArea

CrossRiver demarcatesthe coastal boundaries between Akwalbom State on the west
and Cross River State on the north-east, both in the South-South region (Niger Delta
region) of Nigeria; and Bakass Peninsulaonthe east. The Northward channelsof the sea
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lead to Cdabar Port (Export Processing Zone (EPZ)) in CrossRiver State, and discharges
into theAtlantic Ocean inthe South. The cross-sectional distance of the downward part of
theriver isabout 16 kilometers. Theseahasthe potentia of beinginfluenced by hydrologica
dynamicsfromtheAtlantic Ocean. The seaisshown onthe Admiralty Chart (Sheet No.
3433) fromtheAtlantic Ocean and it isentitled “ Approachesto Calabar” . The physical
relief of the coastdl landsof Akwalbom Stateischaracterized by deltas, estuaries, lagoons,
creeks and swamps. The swamps aretidal mudflatsin nature. The vegetationson the
coasta landsare generaly madeup of flood plain mangrove, brackish or slinemangroves
and salt-water swvamp forests. The economic significance of theriver anditsenvirons
compriseof abundant oil and gasreserves, fishing, marinetransportation and the proposed
sitefor seaport inAkwalbom State.

MATERIALSAND METHOD

Thedataused included historical multispectral Landsat-7 ETM+ image set of 2000, tidal
datasets, bathymetric datasets of asection of theriver, and Admiraty Chart dataof Cdabar
Channel publishedin 1994. Theblue, green, red and Near InfraRed (NIR) bands of the
Landsat-7 ETM+ were used to carry out this study. The Spectral Bands of 1-5and 7
atmospherically uncorrected Landsat-7 ETM+ image set with path/row number 187/057
acquiredat 09:29:11 (GMT) on December 10, 2000 isshowninfigure 1. The stages
involvedinthe preparation of thepectrd and bathymetric dataincludegeometric correction,
atmospheric correction, water reflectance determination, tidal correction of imageand
bathymetric depthsva uesto chart datum, the extraction of water depths using Stumpf's
Modéd fromtheimage. Theagorithmfor these stepsisasshownin Figure 2.

Geometric Il mage Correction: Landsat-7 ETM+ imageisalLevel 1Gfully processed
product that isgeometrically standardized and theimage coordinate sysemintheUniversd
Transverse Mercator (UTM) Projection System with WGS 84 (Zone 32) asthe datum.
Coordinates of the sel ected known points on the ground were charted ontheimage, and
they corresponded without much difference. Hence, geometric correction was not
performed ontheimage.

Atmospheric Correction: Theobjective of aamospheric correction wasto convert remotely
sensed DN to ground surface reflectance. The processes employed are Conversion of
DN to Surface Reflectance and Water Reflectance Determination.

Conversion of DN to Surface Reflectance: The methodsfor atmospheric calibration
areclassified into two main groups—absolute calibration and relative calibration (Thome
eta., 1997 cf. Lu, Mausdl, Brondizio and Moran, 2002), which can befurther smplified
into threemodel groups, namely:

I Physically- Based Cdlibration Models

. Image-Based CdibrationModels

. Relative Cdibration Models.
The choice of aparticular model depends on the requirement of the research and data
availablefor atmospheric correction. Thisstudy used an historicd Landsat-7 ETM+image
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set acquired on December 10, 2000, hence, Image-Based Cdibration Modd swassuitable.

Figurel: Lansat-7 ETM+ Imageof Band1-5and 7

Spectral Datasets Tidal Datasets Bathymetric Datasets
Convert digital Numbers DN to Determination of Measured Sounded Extracted Depths from
radiance Tidal Constants Depths Admiralty chart

Convert radiance to total reflectance I
_ _ D . .
(Ry) using Chavez Cost Model (with etermination of tidal ‘ Correction of Sounded Depths
solar zenith angle, solar irradiance Heights and Predicted to Chart Datum

and mean atmospheric Water Levels for year 2000

transmittance). &2011
| ;
. Corrected
Compute Water Reflectance (R, ) Compute log of ratio of Compute absolute :
by correcting for (R;) for the water reflectance for the depth by tuning the maﬁe
Depth to
aerosol as estimated by near-IR ‘ blue/green and blue/red * constants m; and mg CF:] "
band, and for the Rayleigh bands to estimate from Stumpf’s model 2
. Datum
reflectance (R,). relative depths of water

Figure2: Algorithmfor DataPreparation

Thedifferent methods of image-based mode sinclude theA pparent Refl ectance
Model, the Dark Object Subtraction (DOS) Model and the lmproved Image-Based DOS
model (Chavez, 1996). The Improved Image-based DOS model wasemployedto carry
out atmospheric correction. Thismodel makesuse of calibration parametersfrom the
header file of theimage. The parametersinclude sun zenith angle, date of acquisition of the
image, aswell asthe specificationsfor either “high” (H) or “low” (L) coefficients. Based
onthe“high” or“low” specificationsfor gain and offset (bias) coefficients, including exo-
atmospheric solar irradiance, these parameterswere extracted from Chander, Markham
and Helder (2009). The Improved Image-based DOSmodel isgivenas:

R (A)= 71((DN, xGain, +Bias,) - (H , xGain, + Bias, ) )x D
Esuni X{co{(go—e)xﬂﬂxr
180
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Where, R,  =isthetotal reflectancefor spectral band 4
nn =Mathematical Constant 3.1415926
=SunZenithAngle( g isthe Solar Elevation)
D? = Square of Normalized Earth-Sun Distance
=[1-0.01674 x Cos(0.9856 x (JD-4))]? (Nurlidiasari, 2004).
To convert theunitsto radiansissmply to multiply by 6/180.
= Exo-atmospheric Solar Irradiancefor Spectral B and )

Hi = Digital Number representing Dark Object for Spectra B and A

=Atmospheric Transmittance expressed as

for COST Model (Chavez, 1996)

Thismodel was accessed through aWeb-Based tool and processed in ERDAS Imagine
9.1 software.

Digita Number representing Dark Object for spectral Band, HA in Equation (1) wasused
to estimate the atmospheric path radiance under clear atmospheric condition. Minimum
DN valueswere presumed to represent dark objectsin theimage (Skirvin, 2002) and the
selection of minimum DN va ueswasbased on Mauz (2002) gpproach. Theatmospherically
corrected (surface reflectance) image from the COST model isshownin Figure 3.

Figure3: Surface Reflectance lmage
(Using Improved Image-Based Model)

Water Reflectance Deter mination
Thewater reflectance, R , of aparticular spectral bandisdefined as:

0
RTEM @
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Where: L~ =thewater-leaving radiance

E, =thedownwelling irradiance entering thewater

A =thewave ength of the spectral band.
Thismodel requiresthat thewater-leaving radiance, L, and thedownwelling irradiance,
E,,, bemeasured physically using aspectroradiometer. Inthe absence of this equipment,
andternativeapproach wasexplored. Stumpf, Holderied and Sinclair (2003) and Zhongwei
and Minhe (2008) show that dueto inherent compl exitiesin obtaining certain physical
quantities, Reflectance of Water, R (1), could be determined using themodel :

Ry(4) =R (A)-Y(A)R (Ag) R (4) 3
Where: R = isthetota reflectancefor spectral band 2.
Y =  theconstant to correct for spectra variation (equiva ent totheAngstrom
exponentin Gordonet d. (1983) ascited in Sumpf, Holderied and Sinclair,
2003).
R (A1) = Rayleigh Reflectanceisestimated by the deep water reflectance

of thewavelength (1) (Stumpf, Holderied and Sinclair, 2003).
Subscript i and IR denote the wavel engths of the visible and near -1R spectral bands.
Thereflectanceof water (R ) wasto befound by correcting thetota reflectance,R, for the
aerosol and surface reflectance, asestimated by the near-IR band, and for the Rayleigh
reflectance, R (Sumpf, Holderied and Sinclair, 2003). Thisstepwasachieved by employing
the Erdas Imagine modeler tool to obtain water reflectanceimagesfor thethree Bands
(blue, green and red) as shown infigures4a, 4b and 4c respectively.

Fig. 4a: Water Reflectance Fig. 4b: Wgamahce Fig. 4c. Water Reflectance
Image of Blue Band Image of Green Band Image of Red Band

Processing of Tidal Dataand Sounded Data Reduction

Inthe absenceof tidal information for the area, tabul ated harmonictidal constantsfor 29
condtituentswhichincludeM ., S,, K, and O, wereextracted fromtheAdmiraty Manuals
for Hydrographic Surveyorsfor thislocation. These constants were processed using
Universty of NigeriaTidd Anaysisand Prediction Program (UNITAPP) to predict reduced
water levelsat chart datum for theyears 2000 (image acquisitionyear) and 2011 (sounding
operation year) respectively. Sounding operation for asection of theriver wascarried out
between 11.50am - 12.40pm on September 22, 2011 using SDE 28 Echo Sounder,
alongside Ashtech ProMark™ 3DGPSto fix the positions of the sounded depths. The
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result of the predicted water level (for the date of sounding operation) wasused to reduce
to the sounded depthsto chart datum.

Extraction of Water Depths

Stumpf, Holderied and Sinclair’s (2003) Ratio M odel was used to estimate water depths
fromtheimage by employing the blue/green and blue/red ratiosof imagewavelengths. The
model isgivenas.

In[nR, (4)] _
In[nR, (4)]
Wherem , = atunable constant to scaletheratio to depth

n=aconstant for all areasto ensurethat theagorithmispostive

under al circumstances

m, = offset for adepth of Om
Thefirg epsto determine bathymetry from theimagewasto determinerdative bathymetry
using natural log transform of thereflectance valuesbelow:

In [1000%R,,,(1;]]

in [1000+R,,(4;)] ©)
Where, thewater reflectance valueswere multiplied by 1000 (thevalue of n) to ensure
that thelogarithmsremain positivefor al reflectance val ues. Thiswasfollowed by scaing
therdativebathymetry to absolute bathymetry. Seriesof pointsfromtheAdmiraty Nautica
chart wereextracted asin-Situ data. These pointswerethen regressed against therelative
bathymetry valuesto obtain absol ute bathymetry for theentireimage. After theconversion

to absolute bathymetry, the predicted water level value on December 10, 2000 wasused
to reducethe Landsat-7 ETM+ derived water depthsto chart datum.

z(depth) =m, m, @)

RESULTSAND DISCUSSION

Theresultsof the Landsat-7 ETM+ derived bathymetric depths generated by employing
theratiosof blue/green and blue/red wavelengthswere good and acceptable asshownin
figures5and 6. The Ratio Model could estimate water depthsover variable bottom types
(muddy and sandy) that were not classified. The depthsof CrossRiver ranged within Om
—14m. Thederived bathymetry from the.combination of blue/red wavelengthsratio, depicted
the seabed topography of the entire area better when compared to the blue/greenratio.
Thisisbecausethe blue/red ratio capturesdepthsmore accuratdly in shallow weter regions
than the blue/green ratio. From the analyses, the coefficients of determination showed
good correlation between the derived depths and extracted depthsfrom theAdmiralty
Nautical Chart aswell as sounded depthsfrom the section whereinvestigation wasdone.
For the areawhere sounding investigation was carried out, Coefficient of Determination,
R2=0.821, wasachieved by regressing extracted image depths (generated from the blue/
red ratio) against sounded depths (Figure 7). It also yielded astandard error of 0.246m,
root mean sgquare (rms) error of 0.346 and percentagerelative error of 11.44%.
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Similarly, extracted image depthsval uesfrom three Sectionsfor 29 pointswereusedinthe
evaluationwith chart depths. These depths pointswere randomly selected ensuring that
both shallow and deep areaswere captured. The Coefficientsof Determination, R2, of the
imagedepthswere0.716 and 0.667 for blue/red and blue/green ratiosrespectively (Figure
8and 9). Evauation of the accuracy of the derived image depths (from blue/redratio) in
relation with the chart depths showed astandard error of 0.236m, root mean square (rms)
error of 0.556, and percentagerelativeerror 11.672%. Similarly, for the derived image
depthsfrom blue/greenratio, astandard error of 0.198m, root mean square (rms) error of
0.542, and rel ative percentage error of 11.167% were obtai ned.

Theremote sensing approach adopted inthis study has proved effectivefor depth
extractionin shallow coastal water. It isthus considered animportant tool being that the
shalow characteristicsof CrossRiver could have been astrongimpedi ment to adequate
accessihility of survey vessalsduring field datacollection. Thetidal constantsprovidedin
theAdmiralty Tides Tables (2008), were used to predict tidesand water levelsfor the
reduction of sounded depths (2011) and derived image depths (2000) to chart datum.
Fromtheanayses, it wasobserved that the coefficient of determinations, R2, of theestimated
image depthsobtai ned from blue/red d gorithm was 72%, whilethat of blue/greenagorithm
was 67%, when regressed against chart depths. Thisresult wasremarkable, based onthe
29 depths pointsrandomly sel ected from three cross sectionson the nautical chart.

Therationa efor these numbers of sample pointswas based on thefact that the
seabed topography of thestudy areawasrelatively flat. A particular expanse of the seabed
could havethe same height value with dight differencesin decimal values; hence, efforts
were madeto select varying depths val ues along the three cross sections. Theresults of
the coefficient of determination sgnified that intheregresson of image depthsagainst chart
depths, the numbers of variationsfrom image depths obtained from blue/red ratio were
morethan those obtained from blue/greenratio. Thereason for thisstemmed from thefact
that blue/red ratio captured more accurate depthsinformation than blue/greenratiointhe
shallow areas. However, theaccuracies of thederived image depths of (blue/red and blue/
greenratios) did not indicate much difference. For the blue/green derived image depths,
the standard error was 0.198m, root mean square (rms) error of 0.542, and relative
percentageerror of 11.167%.

Theblue/red derived image depths reveal ed a standard error of 0.236m, root
mean square (rms) error of 0.556, and percentagerelative error 11.672%. Onthewhole,
it was believed that with increased number of samplepointsinthe analyses, theaccuracy
of the derived bathymetry would haveimproved. Thisargument was also validated by
Camacho (2006), who observesthat in an environment with multiple bottom typesand
depthsvariations, the standard error isamplified with limited data. A comparison of the
extracted and derived depthsva ueswith chart depthsreveal sthat therewere someover-
estimated and under-estimated depths. This phenomenon could have been caused by
noise or variabl e seabed within the study area, which must have been characterized by
sandy and muddy substrates. Camacho (2006) al so observesthat sandy seabed produces
higher reflectance valuesthan other bottom typesespecidly in very shallow water aress.
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These high reflectance val ues caused theratio model to overestimate the depth values.
Bearing thisin mind, it couldjustify why higher depthsvaueswere seenin the extracted
image depthswhen compared to corresponding reduced chart depths. Thisproved the
assertion by Stumpf, Holderied and Sinclair (2003) that theratio algorithmisrobust even
when ground truth dataabout variable bottom typeswere unavailable. It a so affirmsthe
clamthat the blue/greenratio a gorithm mostly was not suitablefor depthsestimationin
shallow areaswhere depthswere lessthan 5m.

The specificationsfor minimum dynamic Under Keel Clearance (UKC) of 10%
vessd'sdraft isallowablefor approachesto portsin coastal shalow waters, 0.6m minimum
UKC needed for berthing; while in open coastal waters, 20% of the draft should be
mai ntained. From these specifications, it was safeto say that the accuracy of the estimated
absolute bathymetric depthswererdiablefor navigationa purposes, based ontheanayses
of the blue/green generated image depths and the bl ue/red generated image depths discussed
above. From the foregoing, depending on the specification for vessel sizes, theerrors
associated with the derived bathymetric depths met and even exceeded these minimum
standardsfor safe navigation of vessa sthrough coastal waters. In addition, the application
of the Ratio Model in remote sensing technique, to estimate bathymetric depths, was
found to beareliabletool to rapid monitoring of changes on the seabed topography of
coastal waters.

Theresultsfurther show that reliable depths estimates can be derived by using
Stumpf'sModel over unclassified variable bottom types of coastal watersbecausethey
comparefavourably with thoseobtainedin similar sudies. For instance, Abdullah, MatJafri
and Din (2000), in an attempt to employ satelliteimagery of Landsat TM and SPOT asan
aid to bathymetric charting of Strait of Penang, Malaysia, obtained root mean square
errors of 4.7 and 6.5 using second-degree polynomial transformation equation for
calibration and validation respectively. Minghelli-Roman et al . (2007), invalidating the
useof MeRISimagewith 300m spatia resol ution to map bathymetry of largeareasof the
Gulf of Lionin France, obtained arel ative percentage error of 16% and rmserror of 9.36
for depth range of 20m - 50m. In another comparative study by Pennucci, Grasso and
Trees(2008), three methodol ogies- Lyzenga, Jupp and Stumpf's M odel swereemployed
on hyperspectral and multispectral imagery for bathymetry estimation. Theresultsshow
that Stumpf's (Ratio) Model gavethebest fit intermsof Coefficient of Determination, R?
=0.869, standard error = 0.99m and percentagerelative error = 7.46% considering the
complexitiesof thearea, which was classified asanon-homogeneous environment.

Though the Ratio M ethod proved to be asound techniqueto derivewater depths
inthe coastal waters, there were still some possiblelimitations. One wasthat coastal
watersare categorized as Case || waters; which are characterized by dissolved organic
matter (DOM), suspended (particul ate) material derived fromriver inputs, re-suspended
bottom sediments, sewage-d udge dumping, and land drainage, particularly off estuaries,
embayments, and shallow tidal seas (Robinson, 2004). The mgjor effect of the Casel|
waters, asobserved by Sipelgaset al. (2004), wasthat at short wavel engthsregions of
440 - 550 nm, irradiance transmission for coastal waterswere much lessthan oceanic
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waters. Therefore, thevariationsof theoptica properties(lossof bluelight traditionally) in
coastal waters could cause reduction of the blue/green reflectance and subsequent
introduction of error intheestimation of bathymetric depths. Thiseffect must have apparently
influenced theresult of blue/green agorithmasseenin Figure 5.1, sncethewater column
properties were not taken into consideration. Howbeit, the effects of coastal waters
characteristics on the estimation of bathymetric depths of the coastal/estuarine shallow
watershavenot yet been empiricaly proven. Hence, it isthusaresearch areafor further
studies. Worthy of mentioning hereisthe cost and time required for bathymetric depth
derivationwith spectrd imagery. Also, despitethefact that thea gorithm basically employed
satdl liteimagery, field measured bathymetric depthswere pre-requisitesfor the scaling of
therelative bathymetry to absolute values. Therefore, ground-truth exerciseremainsan
important e ement of remote sensing analyses. In actual fact, it requiresproper planningto
carry out theground-truth messurement cong dering the cost implications, safety and security.
Thepeculiarity of the study arealocated in thevolatile Niger Deltaregion and also being
part of territorial water wasan issue of concern. Hence, security ass stancewas obtained
fromthe Nigerian Navy, Forward Operating Base, Ibakain Mbo L oca government Area
of Akwalbom State, Nigeriato enable ground-truth measurements. On thewhole, the
overall cost of deriving bathymetric depths with remote sensing approach isfar more
economical and effective than the ship-based sonar method in termsof field operations,
time, cost, equipment, and personnel.

CONCLUSIONAND RECOMMENDATIONS

Thepossibleinfluenceof Casell waters, generdization of depthsby 30x30m pixe values,
and variable bottom typeswerethefactorsof concern. These may have had some effects
ontheaccuracy of the derived bathymetric depths. Howbeit, it isimportant to note that the
depthsvalues produced in thisresearch are good indicators of the actual bathymetry of
CrossRiver, but further research isneeded for validation purposes. A derived Landsat-7
ETM+ bathymetry of CrossRiver wasgenerated usng Stumpf'sRatio Modd. Thestrength
of thisModd to estimate bathymetric depthsof coastal shalow waterswith limited ground-
truth depths, over unclassified variable bottom typeswasa so validated. Theratio of blue/
red wavel ength employed in the model produced better depthsval ues compared to the
depthsderived from theratio of blue/green wavel ength. Analyses of theresults of the
derived image depthsreveal ed that the remote sensing techni que was a dependabl e tool
for rapid estimation of water depths. Thus, itissuitablefor monitoring of possiblechanges
on the seabed topography of near shore shallow watersusing Landsat-7 ETM + satellite

image .

i Itispertinent for aNational Hydrographic Office (NHO) to bemadefunctiond in
the country so that comprehensive bathymetry of in-land and coastal waterscould
be obtained for the up-dating of the navigational charts. Frequent updates of the
navigational chartsand availability of the chartse ectronicaly will beagreat asset
to usersand navigators.
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[ To effectively harnessthe marine environment to boost economic devel opments,
agricultura growth, tourism, and marinetransportation, eic, theremust beadequate
and available up-to-dateinformation. Such informationinclude, tidal heightsand
range (electronically), water currents, water compositions, sedimentations, the
nature and stability of the seabed, height of swells, atmospheric pressure, changes
inthedensity of seaand inland waters, seabed soaring, etc. Thesedatacould be
acquired for the creation of an efficient databasefor proper management if the
NHO ismadefunctional.

i Functional tidal stations should beestablished onthein-land and coastal riversof
the country to generatetidal datafor the management and monitoring of themarine
environment. Inrecent years, risein sealevel shave congtituted enormousdangers
to themarineand coastal environmentsin Nigeria. Thus, itisvery essential that
continuous and accurate data about marine environment needsto be generated.
Thiswill also encourage regul ar researches/studies on thisenvironment so asto
avert possible dangersthat are associated withiit.

Y Itisimperativeto notethat the high resolution multispectral NigeriaSat-2 satellite
imagery withamilar wavelengthsrangesto multispectra Quickbird sadliteimegery,
isvery suitable for themapping and charting of thein-land and coastal watersto
producereliableup-to-date navigational chartsfor Nigeria. NigeriaSat-2, an Earth
Observation Satellite (EOS), with very high resolution of 2.5m and 5m ground
sampledistance (GSD) was designed to boost scientific researchesin Nigeria. In
addition to other functions, thissystem wasbuilt to support the NGDI (National
Geospatid Datalnfrastructure) project. Itswavel engthsfor thefour multispectral
bands (blue, green, red and NIR) are as shown below.

Table1: Multispectral Bandsof NigeriaSat-2

Band WaveengthRange Colour

1 450nm+ 10nmto520nm+=10nm Blue

2 520nm+10nmto 600 nm+ 10nm Green

3 630nm=10nmto690nm+10nm Red

4 760nm=10nmto900 nm+10nm Infrared

Theapplicationsof NigeriaSat-2 included mapping, water resources management,

agricultural land use, population estimation, health hazard monitoring, disaster mitigation
and management. Having seen the specifications and expected applications of the
Nigeriasat-2 system, it isworthy of noteto point out that the National Space Research
and Development (NASRDA) should provide assistance for researchers, to develop
application softwarefor the use of theseimages. Thiswould enhance the mapping and
charting of thein-land and coastal waters, in order to produce up-to-date navigational
chartsfor the country. Obvioudly, thetool will certainly provide an aternative approach
that iseas er and chegper to obtain bathymetric depthswhen compared with the conventiona
ship-based sonar methods. Government istherefore urged to explorethistechniqueto
obtain bathymetric depths of the extensivein-land and coastal shallow watersthat are
uncharted and un-updated.
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Figure7: Landsat-7 ETM+ Depths Coloured Chart of Cross River using Blue/Green Ratio
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Figure8: Landsat 7 ETM+ Depths Coloured Chart of CrossRiver using Blue/Red Ratio

Figure9: Derived Image Depth and Sounded Depth Correlation using Blue/red ratio
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Figure 10: Scatter Plot of Chart Depths with Image Depths generated from Blue/Red ratio
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Figure 11: Scatter Plot of Chart Depths with Image Depths generated from Blue/Green ratio
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