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Assessment of Varions Ocean Tide Models om NS5 Data over
Nigerian Continpouwsly Operating Reference Stations

Opaluwa, V. D', Aleji G. A", Ojizi, L M? and Adenivi, G."

’ﬂ#pm'mg.r g Swrveying & Geoinformatics, Federal Uni of Techmelogy Minng.
‘Depariment of Geomanics, Ahmady Bello Uniearsity, Zaria

Abstract

/ng;ja has a long coast Ime with some of its G55 Continuensly Operating Befarence Stations
(CORS), otherwise known a: WIGNET located in this coastal emwviremment [ is therefors
essential to identify an appropriate medel that could perform optimally over Migeria. Henee, this
paper examines the effects of vanous ocean loading models on the acomracy of data processmg
over the NIGKET CORS. The study was conducfed using selected five Ovean Tide Models
(OTM:z) whirh inchade FES2004, FES2012, FESI014h, GOT00 2 and HAMTIDEOTM:. The
five ocean loading models were downloaded Tom Omsala Space Obsemvatory and separately
uilised for GN55 data processing, one month (October, 20117 of the NIGINET data was used.
The result was subjected to stafistical apalvsis nsing their cormesponding BMSE to recommend
the most appropriate mods] for precessing CORS data over Migeria. HAMTIDE OTM perfanmed
best with a EMSE range of 0.6mm to 1 43mm followed closaly by GOT00.2 OTM with EMSE
range of 0 imm to | 46mm. FE52014h had a BMSE mnge of .72 mm to 1.52 mm. FES2004
had a EMSE rangze of .76 mm to 169 mm. FES2012 OTM showed the least performance with
a BMSE range of 3 96mm to 7.0%mm. It was conchaded that HAMTIDE OTM and GOT00.2
OTM are the mest preferable for G55 data processing over Migeria,

\@nrds: Cvean Tide loading, Ocean Tids Models, CORS, GNSS, NIGNET

L0 Introduction

A Global Mavigation Satellite System (GMN5S5) consists of a constellation of satellites revalving
{orbiting) around the Earth, constantly tansmitting signals that provide the users with their thres-
dimensional (30 positons globally. For several vears, US (lobal Positioming System (GPS)
was the only fully operatdonal GNSS svstem [1]. In December 1011, the Fossian GLO%al
MAwvigation Satellite System (GLONASS) was reinstated to full operation The Chinese
BEIDO and European GALILED systems are cumently under development, notwithstanding
BEIDOU commenced praliminary operating service (Phase IT) in December 3011, The princinls
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of GNES posidening is based on solving a fundamental peometric problem, consisting of the
distances (pseunde-ranges) of points on Earth to a group of at least four (4) G55 satwellites with
well-known coordinates. The ranges and coordinates of satellibes are computed by the user's
receiver using navigation dafa apd sigpals tramsmuitted by the satellies; the defermined
coordinates can be computed fo an acomacy of several meters. Monetheless, centimetre-lowal
positioning ks fzasible and realizable using mers advanced techniques [I].

Ocean ddes imply mas: movemesnts on a Slobal scals and whence the relative locations of the
maszs cenfre of the solid earth and that of the ocean are subject to temporal vanations. Assomins
that only the solid earth (and unless expressly neted otherwise: jointly the core) counferbalance
the oceanic mass dislocation o order 0 mainfin a uniformly meving cenire of gravity of the
enfire planet, the offiet of the selid earth mass cenme Tom the Joiot mass cenire due f0 oCean
tides can be readily computed [3].McCartby [2] gave the forpuala for the oczan leading
displacement as:;

Ac=T f 4 sl +u -0 ) ()

The summatien ower j represents eleven tidal waves maditenally desipnated as semi diarmal (1,
52 No, E3) divrnal (E,, 3. P;) and loop periodic (A M. 5.). The symbals w, and x, reflect the
position of the sun and the moon. F, and u; depend on the longirods of the hunar node. The station
specific amplirodes (4.) and phases (§.) can be computed usng oczan tde models and coastal
outline data. The Intemmational Earth Fofation Service (JERS) makes these valoes available for
most mtermational Terrestmial Reference Frame (JTEF) stations. Typically the M. loading
deformations are largest, ut they do mof exceed 3om in the vertical and Jom i the herizontal [3]

Ocean tids medsls are the vamous alporithms built and established to minimize the
displacements due to ocean tids loading, these are classified as global and local ocean dde
models. One of reactions for change of the Earth's gravity potenfial field due to orbital mofions
of celestial bodies iz oczan fde. The most sisnificant mmflience is gensrated by the Moon and the
Sun. The tedes are strongly mffuenced by bocal facters and thos tide medals are bazed on grids
covering the ocean surface [§].0cean Tide Loading (OTL) &5 zensrated by tidal ocean mass
m
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distribution vanations. I can be calonlated as a convehstion of the ocsan tides mode] with pomi
suriace load, which in furo can be described by Green fonction [ 7). Infezration over global ocean
regules in final displacement of a particular point due to the ocean tides.

The apalysis of precize altimetric measurements from TOPEXPOSEIDON as well as parallel
developments in mumerscal fidal modellinz and dam assimilation has led to the development of
several global ocean tde models sincel 994 [8]. However, fime variabls deformation of the Earth
cansed by ocean Gdss could reach up to 100 mm at some special coast repions hence, with the
imcreasing demands for high precision geedetic ebsemations, ocean tidal leadimg (DOTL)
comection &5 essential in precise (GN5SS dafa processing with baseling lengths of up to severl
thsouzand kilometres [9]. Hitherto, the ocean loading service provides many ocean tide models
(OTMz) and peodetic nsers could easily mplsment OTL comectons by infreducing global zrid
ar staticn list fles for different OTMs. The acouracy of the OTL values depend oo the emors in
the OTM. Green': function coastline represemtation a: well as the mamerical scheme of the
loading computation itself [§. 9]. The most popular GWN5S scienfific processing softwares are the
BEFMESE, GIPSYDASIS and GAMIT. Interestingly, sach of thess soffwares has a oumber of
thee OTM: incorporated for GINSS dat analysis. Howsver, varous modsls perform differently in
different rezions of the world: bence, there i the need to imvestizate the regional performancs of
these medels. Wigenia has a lone coast line of about 853 ko some statons of WIGHET are
lacated in this coastl ervironment. It iz then imperative to identify an approprizte moded that
could be usad for processimg CORS dam ower Wigema [10]. A defall discussion on the
dismritution and spread of the Mizeman COFRS can be fmmd in Maibbi and Thrahim [11] This
paper therefore, examines the effects of vamous OTM on the acouracy of data processing aver
the WIGHWET CORS with a view o identifying an appropriate ocean fide medsl (OTM) for
processing CORS data ever Migena.

10 Materiak and Methods
The COBRS data over Migera are wsually accessible fom the WNIGHNET websie wia
www nignet net. However, during the course of this stady, the website was not available for data
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download Consequently, archived NIGNET GPS data of October 2011 was utilised for this
study. Figure 1 depicts the map of Nigeria and the location of NIGNET CORS.

15 N

10N

Lat {Peq)

5

‘N

A GNSS Stations(with Staticon ID )]

5E Long {Deg) 10 E 15 E

Figure 1: Map depicting the location of NIGNET CORS in Nigeria (Source: [12])

The Cartesian and geodetic coordimates of these NIGNET CORS have been provided in
Adebomehin [13]. However, due to data incompleteness, statons CLBR and GEMB were not
inchaded in this study. Besides the acquisition of the NIGNET data, the need for IGS CORS data
of the corresponding period of the year 2011 is highly imperative for the network adjustment and
baseline formation during the data processing. The IGS CORS data was downloaded from the
IGS website using RTKLIB 2.4.2 software, the selected IGS CORS are descnibed m Table 1.
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Table 1: The list of the Three (3) selected IGS CORS
SNo. IGSCORSID Geographical Locations

1 DAER Senezal
2 NELG Gabon
3 BIiCO Benm

(Source: http:/'www.igs.org)
Figure 2 shows the distmbution of IGS saations with the selected IGS stations highlighted in

black colour.

Figure 2: The IGS CORS distribution in Africa showing the three selected IGS CORS in black
colour (Source: hem:/‘www i3 orz)

The ocsan Joading parameters were acquired from the Onsala Space Obsarvatory website
(hrm: holt.oso.chalmers se ~loading) As discussed earhier, five ocean tide models were selacted

B T S B sy
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for this shady based on their populanty and recency, they are GOTO02, FESI004, FES2012
FESX0]4b and HAMTIDE

The NIGHNET GP: CORS data was processed using the Bemess GPS processing software
version 5.0 Thus, the BINEX abservation files were renamsed in accordance with Bemese format,
while neceszary satellite orbit files and modsls were downleaded from Bermese websitz. The
parameter settings and moadsls for the processing strategy are dedailed i Table 3.

Table 2: Parameter setfings and models for the data precesszing strategy

Parameters Processing Siratezy

Memwork desien OBS-MAT

Elevation cut-off angle 15

Weighting af GBS observations Cas* (2); z = zenith angle.

Sampling rate 30-180=

Orhit= EOP IG5 Ooal Orhit and Eanth Orienfation parametsrs
(EQR)

Siation coordinabes Tightly constrained fo the ITEF2008 refersnce
frams

Absolute  amtemma  phase  ceome | PHAS O0ODI0R, SATELLIT INE
cormections

Ocean loading model Varyinz: GOTM2, FES20H, FES2012,
FE52014 band HAMTIDE.

Toposphere Double-difference iomospheric-free (IF) linear
COIbnAtion.

Ammbi gty resobrtion Fixed solnfion, reselved nsing {JIF stategy.

Toposphere modal for ambizosty fxing Global ionosphere model from CODE.

Gradient astimation Haorizontal pradient parameters: tilting at 34hbrs
imteryal.

A-prior mode] A-prion Saastamroinen hydrostatc medel with dry
Meill mapping function

Mappings function Wet-Meill mapping fmction (1hr interval).

Falative roposphers consraints Loose

ZPT) estipabes Hously (1hr)

The OTMs were used in the processing of the COES data by varying them while odher factors

and mputs remained constant. Thus, using the constant valoes for the a-prion coordinates, the
. __________________________________________________________________________|
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station coordinaie wers estimated hourly vielding 24 estimates per day, the data was reprocessed
five dmes using the five models examimed in this shady. The effects of varying the ocean dde
models en the station coordinates was assessed using the root mean square amars (FM5E)

3.0 Besults

In order to assess the effect of each model om the estimated station codrdinatss, the root mean
square emmars and the mean difference i coordmates nsing the a-prien coordinates as reference
were derived as summarised m Table 3 to 7.The mean emors and the BMS emors derved
fromGOTO 02 OTM are shown m Tahle 3

Tahle 3: Mean emors and EMSE from GOTO 0.2 Ooean Tide Model

Station narw Type Diff in Coord: FIS arror (o)
Estizsated Cosard -A prior Coord ()
ABLZ M 000024 0La01335667
1 LRS00 [RTED [
z 0000555667 QLODOGRGEET
BETP N 0. 000218667 001375667
Y {00028 000108
i B L T
CGET M -0.0001928357 LO014E0TL43
T DL DE24E4ES QLA011TEST]
£ -G R KLU R
FUTY N R CTRE] 000133
Y {10003 OO0 ITasET
Z 0. 000588667 0000653333
DLW n e K [ i
T 00002593 Qa3 TNy
Z 0000531832 QAT
Ll N AR EEE] [T R R R
1 ] [T [
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A - WGOaRTS 35
LAy X SR ERLGE [TEIhE 5

T 00303333 000103

Z -0 000413333 0000681333
LIHEL: X L S 000 R E

Y 0000303333 0001053333

Z 000041 SEET 00006831333

From Table 3. the minmum mnd mexipnm BMS emors are 000MME3333m and
00146333 3 mrespaciively. Hence, the modsl emor iz within 0. 8Emm and 1 26mm limdt of
aconracy. As regardsFES 2004 OTM, the mean emors and the BM% emors are dapicted in Table

A

Tahble 4: Mean errors and BM5E fem FES2002 OTM

Ttathon nans, Typa Ciff i Cond: RIS arrar {m=)
Estizmvied Coord - A priod Coord ()
ABTE N BT LR 0T
T T COOTERET OLOOTES
F] .00 {LO00E 15567
BEFF X -00005 T3 (L.301553333
T [IECEEE] LI TSaET
F] -D000BTGSET {LO00E33333
CGET X -D00056E S 00018
T [ kS (LIEREETT
Z LB IOEZESTT |
FUTY n -0.0007T1111 {LO)16EEESD
T 000021852 (LO01407407
Z BT H R I B
BDAGE. x 000073 {LO01633333
Y 00002 (LO013B556T
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4 -ILGCRE L
0 X L DRI [T B
Y O00E 000124
FiA g LB 0. 008
DL Adr X L RITE T R
T 0alE {La01243333
K4 -000006333 (LO00BI3333
UMEL X LK B0
1 LLLOREIG [T WS
A 0,075

From Tabde 4, the mininnmm and maginnm BMS emors from FES2004 OTM are 0007 6m and
01685 tmrespactvely which swsgssts that the made] is within the accuracy Limit of .7 &nmm
and 1.69mm. Meanwhile, the mean emers and the EMSE from Fmite Element Solution (FES)
2012 Ogean Tide Mode] are presented in Table 5

Table 5: Mean emers and BMSE from FES2012

Siation nams Type Diff in Coord FM% ermor (m)
Estimated Coard - A priori Coord (m)

AHUZ X 000872414 D0G0EA655
T 000263793 0006203103

il -0.00875897 0004110345

BEFP X -0.00865172 0006232483
BEFP T -0.00281379 0006593103
BEFP z -0. 00965897 0004155172
CGGET X 0.00BE 000662043
T -0.002451835 0007085185

z 000831852 0004551852

FUTY X -0.00935657 005913333
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T -0.)232 0006333333
z -0.00935333 RETER ]
MDGR. X -0.00945538 0.0045
T -0.00240759 0006930769
z -0.00962615 0004380768
Q5GF X -0.00081379 0006041379
T -0.00263103 0.00647031
Z -0.00987585 0004059655
ULAG X -0.01028421 0.0051
T 00028 0006452759
Z -0.01827241 0004052759
UNEC X -0.00005852 0006062062
T -0.00257584 0006425207
Z -0.01a17es1 000407051

The minimum and maximum FBMS emors from FES20012 OTM are 0.003%6m and 0.007085m
respectively (Table &) which soggests that the meede] &5 within the accuracy limit of 3 96mm and
708 mm In the case of Finite Element Solution (FES) 20140 Ocean Tide Model the mean smors
and the FMSE are displayed in Table 6.
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Tahle §: Mean emors and BMSE from FES2015h

Slalinn nsme Ty el {Cisaid

Estirnmted Cord - & pridri Ceard )

RMAS efmed ()

ABITT X 0 T8aEH3

¥ RELEE

F 0013767

EEFF X S0OZ51633

Y O 03

x O 1S53

0. DOITHESET

CCHET X 00121357

0D347EST]

¥ 00 7RG

HELE) i

z L3714

053571

FITY X 0045 0E3

N4

Y 0155

113

I 0 EREEET

[l

BDCER X QOIOTS

0.DII4R%5T14

¥ 0 SADETY

03] 19T8S5T

x 001143

0 OTRIIRG

5aF X i [enEL

el 3

E 0O MEIT3I6T

003 E033353

x 0O L9IAT

0.rFa33EE

LAl X 0O 0I3576T

014033353

¥ 0 ISRIET

0] 113333

x 0 MSTET

TS

LTHEC X 0 RSIRET

0. 366E6T

Y 0TS

D111

x <0 OPOREIS

DuMT

The minimum and maximom BEMS earors fom FESI0140 OTM aze 0.0M74m and 0.00152m
respectively (Table 6) which suggests that the meedal 5 within the accuracy limit of 0 74 and

1.52mma The sunmmary of emors fom the HAMTIDE Cosan Tide Modsl is depicted in Table 7.
[~ e e e e e e e e
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Table 7; Mean emors and EMSE from HAMTIDE OTM

Staion nan Type Diff in Cocrd: EME aoror ()
Estiroied Coord - A priad Coord ()
ABUZ X 000023 0001336667
1 Lk (GG
Z LT DO GEET
BEFF n 000021 {00138
Y 0000 {10108
Z R ] DL OGEaT
CGET - 4 00002 G410714
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The minivmm and maximom BEMS egors ffom HAMTIDE OTM are 0.000683335m and
0141071 4m respectvely (Table &) which susgests that the meds] is within the acooracy limdt
of 0 68mm and 1.4]mm,

4.0 Driscossion of Besnlts
Far the purpose of analysis, the OTMs are classified into old and recent models as depicted i
Tahle B which presents the summary of the range of EMSE fom the Sve OTMs,

Table &; The summary of EM5E range from the Gve OTH:

TYFE OCEAN TIDE MODEL FMSE Fange
QLD OTMs GOTO02 0.68 pm to 1.46 mm
FES2004 0.76 nm o 1.59 mm
BECENT OTM:= FES2012 5.96 pm to 7.09 mm
FES2014b 0.74 pm io 1.52 mm
HAMTIDE 068 pm 1o 1 4] mm

Fram the resules, it was found that the HAMTIDE OTM performed better than the rest ocean dde
models. It s evident in Table 8 that among the thres most recent ocean tids models, HAMTIDE
OTM performs better followed by FES2014b whils GOT00.2 OTM showed befier performance
amopogst the old OTMs. The FE%2012 has the worst performance having mimimum and
mawinnmm erors of 3.00mm and 7.0%mm respeciively in the estimated coordinate. Such emor is
considered sipmificant o precise gepdetic posifioming because comventionally, the acceptable
It of a-postersoni FMS ammor in GINSS dafa processing is about 1.0 mm to 1.5 mm. In order to
better appreciate the magniiads of emors fom each OTM, the EMEE Som the fve ocsan tide
meodals wers plotted as depicted n Figurs 3.
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Figure 3: The magnitude of the position RMSE from the five OTMs.

It can also be seen from Figure 3 that FES2012 OTM has the highest positional emrors at all the
stations. Nevertheless, it is expected that errors anising from OTL should propagate more in the
coastal'near coastal statons like ULAG in University of Lagos and UNEC in University of
Nigeria Enugu Campus than the northerly Iying statons. Conversely, the greatest emors wers
observed at stations CGGT in Toro, Bauch: State and MDGR. in Maiduguri, Bormo State which
are among the stadons in the northern region, this requed further investization to daw a
m
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reliable conclusion The trend of the models RMSE in XYZ coordinate over the NIGNET CORS

is shown in Figure 4.
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Figure 4: The trend of the five OTMs in XYZ-axes at the NIGNET CORS
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Fizars 4 is the frend of emor ffom each of the five ocean fide models in station cooardinate. The
weakness of FES2012 OTM iz also glaningly discermible from the Sgare; the poor performancs
may be doe to the incempatbiity of the Migerian coastline representation with the modsl. The
results soggests that HAMTIDE and GOT0) 2 OThs with the BMSE range of 0.68 mar to 1.23
mm and QU58pm to 1.46pm respectively are the most prefemed OTL modsls for processing
GNES data over Wigeria followed closely by FES2014b and FES2004 modsels respectively.

5.0 Conclnsion

The Confinaeus Opemting Feference Statdons of Migema are subject to movements due to the
loading of the lithesphere by ocean fides. Using a maonth (Octeber, 2011) of continsauz GPS
data, this research examined the effects of various ocean loading models on the acouracy of data
processing over the CORS amross the Federabion Theorefical ocean loading displacements were
based on the five selected OTM available for dowmlead I Omsals Space Observatary
ihitp: (halt.oso.chalmers seloading).

The acean tide medsls were then subseguently used for processing the campaipn data io the
Bemese GPS sofiware 5.0. While changimz the ocean tde modsel employed for the processing,
ather factars such as tropospheric model and other mput options remained constant This was
done so as w ses the varation that exists between the a prior coordinate:s and the estimated
coordinates.

The results of different OTh were subjected to stafistical analyses using the BMSE. It was found
that the HAMTIDE and GOT0.2 OTM are the most preferable ocean tide mode] for GNES data
processing ower MWigeria CORS with the BMSE range of 088mm to 1. 4lpm and (558mm to
1 4fmm respectively. Smce this stady ofilised one month data, long term data analysis could lead
ta 2 robust judsement on the performance of variows ocean tide medels over Migeria O0RLS; this
shioald consider recent GBS data.
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