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Error Analysis

® Compare repeat measurements at crossing tracks
® Treat GPS Navigation as TRUE

® We can isolate instrumental errors

® And errors from processing and calibration

® Different error models

® Empircal calibration of Gravimeters

® Physically based calibration of Multi-beams (eg.
patch tests and SVPs)

Tuesday, May 3, 2011



Objectives

® |dentify and correct data problems

® Prepare for gridding




Using the GMT package
X2SYS
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Fraviy mesnoerent obtxned over ®e Barth’s surface by
weversiny, government, and industry groups. The global due
bark ot the Lemont-Deberty Goclogical Oteervatory (LDOO)
comencly containg moss thn 45 milion poim gravity mes
viremeats, Tha dats st provades ose of $e prncped mesu
of determeining crustal and upper maate strecters beosath
ooenrs and contamb. (B we in gravity model irmprove-
mant, groend oud far saellee sd airbome daia. and grevi
melne geoid compulstion hm been somewhast lirsited, how-
over, chielly becasss of unceriaingies in the soowraey of the
data, pardcelarty in B case of measweness obtsined & sea
[og. Newman ond Tadesni, 1972)

Ix receal yours 1 aember of geclogic, geodetic, sad geo-
physical applcations Rave stresiad On peed lor & selfoen
sisert globally sdpasted grwvity dats sct based o= tecvestrial
masarements. For example, in gravay model improveneal
studies, lerreatrial dets are aow Ixing incorporsied mk
conbimation solutions for the gravity fNeld which we
complete 0 degree and coder 180, Adbough mesa “block®
gravity smamales e now avadable over most of O Eank's
seface [eg, Rapp. 1981 Here bas Been no systersalic
mnlys of e sccurscy of S point dass wad 0 consarect
Bize block snomaly mesw. In the case of most land dus,
eron dee 10 lnsruments, drift, and wpographic cormections
o peoweally sonall aad Jeos o aboust | Ol Murine due,
an the other hand < be sabject o eoex op 10 8 fow e
of ol

A major facter I the accuracy of mariee gravity data s e
quality of the ship's ravigabos. A prinary crror sosrce o
oammect cormputsdon of the Bords effect, winch Is & srong
fezction of Bo ship’s heading and over-fhe-grouad velovily
In order oo achieve & 1oGal accuracy for & ship wavelng &
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Q0 m v, Prior 0 about 1967, moot shipe wtilived celcatial
arvigation, 3o large ervore (sp 1o & fow tmc of mGal) may
sill semain i Dhase daoa. The magnitude of Be eroes v
Soeght 0 kave been sedeced following himeducdon aof the
US. Navy sanliee savigation sysiem (TRANSIT). Bowever,
% 1 gesenally agreed that sigaificeat emvors relased %0 avd
grional unsersinties stll remain in gravity dae, even thase
dats sequired afler 1947,

Iz sddizion %0 emors relassd 0 pavigaion, Dee are seversd
olher sewves of erroe Gl costnbule %0 Trcertentics s
marine graviy dua, Amarg e most signilicant of dwse Sor
mowerements obtunod wih $ie beam-type s gravimesers
UaComre, 1999; Graf and Schalie, 1961] we ofTleveling.
oos-couplisg. soalinenr drifl md o mecherscal “are” ar
“Jar® of the graviy measuring sysiem

Unferumaiely, it o difficell %o quantify the sccuncy of
marine gravity 4ata Decasse the types of navigeten,
mowsaring sysem resporae, md ses omditions vary smong
adividusd Jege. The prircipal mathod wsed %0 sstinaie e
scunacy of gravity Oaa ol sea A been the eralysis of the
dibcrepurcies i Sbec-ak gravity momaly valoes at nsrsect
ng dip wacks [ag, Talwani, 1971 We believe thin
mothod o be the mout relisble techrigue with which
evause the scouracy of mariee gravicy dea. Most presious
sdies have computed the crossever discrepaacier maroally
=d 0 have oaly msesed the scoenacy of gravky daa over
soall regions of the ecear busies. This paper presens the
resuls of & sywiamatic snalyuis of the LDGO marine gravity
dats hank Dased an 63357 ship sk mdersections. We have
esad gravily daia collectad aloag more than 3.7 midllen km
of dvp wack by 16 differemt collovting sgencies. The ovenll
clyectives of o stady = o provade statiatical sxfor-
mation oa the accurscy of individunl ship praviy surveys,
() w determene e prncpal sowrces of avor i gravey
mescmeneats & e and, whers possible, serect for Uese
erroes,  md (3) 0 comstract an “sdjested” praviy das base
froen which gridded averages can amily be compuned sl sl
In geologic, geodetic, and geephiysical sy

B S0l Pacihe wove soguived befom e advest of selhae sengution

NTRODUCTION

Topegraptyy s & feodavertal posical chancsristc of any
phiret. Topegraphic data e cxientisd 10 the Mudy of plasctary
dyramics, noc oaly as ® principal boundary condivion bet
dso becane wrfsce rclicl ix indkcatrve of seelydomtsse wrem
n D plmers lonecior [Bowde, 1927; Jeffreys, 1976). The
clevatorn of e mrisces of Mars [Carr et sl and Vewa
{Fard ond Pervengill, 1992) e botter known than thase of
were areas of Rty Twe Mactars make Fanh's topography
difficuk 0 measare. Nearly thece-quaters of the surface liex
under war and cannet be cbsarved by alrtoose or arbiting
vebicles uMng clodiremagnelic meara, £ el b wrmcd
scoutically by surface or sebsurface cnft. Nuoch of the lasd
ocs B e e nortbers hamtsghor: aad Lhe souldors occass are
memoss there aoe areas of the sosthemn demiapbere larger than
10000 km® for which no digeal ship scunding dats arc
avallabie

Occin baan- and global-scake mvestigatoss of Earth's
fendamenial dyramic 4508 sequire bhahymetric dwas is a
cozputcrioed form becmue of the large sromtty of dats
involved and e amure of the cakuletions sequised. Digital
bathyreetric daa ae avallable In two Sormes = wguerces of
soundings colecied by ocomsegraphic slegn, axd m o good ey
of waluca for $ aromdn “esqeares” of latitade and kaghude (e
Syabags, or DBDB.S, die set [Van Wyctboure, 1973 sew
part of ETORO-S [Novona! Geophyricel Dere Cexter, 1958])

Ihire o Ouincionins Labessiary. Nathwal Ovonn Servnn, Nebonsd
Ooomwe od Alrwepberic Admmtsirston, Sther Speng. Maryland
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The § arcwen gridded dats creale the illuwos of g
coverage; (o She cxtomt that they are fhifed w
Sousdings Mey offer & consemicnl syeibess of the ship dus
Beocaue they ae widely avalldle and cooverient 10 use, Tt
recent siudics of beotiny ead thermad Soendery layer coolng
bave Boen bawnd on thess dea. The original ip seending duta
tave been dEficu® 1o uwe and accessiie only through rescasch
Instirntions which bave e facilities w reaisten » lwge dua
bark. fustharmaore, osly i dw las fow paars bave compeler
Processing asd slorege mode cvolrad 1o B2 potrt where 2 0y
practical to malatzla & comprebensive ghdal collection of
thest doa in en “on-bmc” scachable masrer. The US
Natlaral Geophysical Dasa Center (NGDC recenlly
relemied ils digitedl bathymetne data on CO-ROM [Noslseal
Geophssiced Dova Cenrer, 1992], and it is now poaseble for the
socslific commanity % have access (o these ariginal
soendings “onlise”

e accur and spotial dissridetion of dginal bathymetric
Gela o of funderertal 1mporia %0 all acicwasn indeomaiad s
Earts phywics, yet the armors and lmistiers of thess datn are
ot widely spprecisied I= this paper, | {lueraee some
pecsinrities of e ETOPO.S gridded duz which apee agaiit
their use i poophysical wudice | peoiert = arvalywic of
plotal crossoser ermors i the origingd ship sounding deta, and
remarh upon B lerelabons thetr accoracy and ddnbostion
This aralysis is of the soondirgs 0 the anline daia berk o
Colmbia Usivenity's Lamoee-Daderty BEarth Obssrvaoey
(Figure 1), | wed these dua bodiune Uey e aveilbie over
Intermet Syrowgh the view-sarver system [Mende o ol 19911
8 DoCMse & (ronsaser erroe s0udy of the pravily deta in i
@t ok was made earler by Weasel smd Wany [1968] These
Oela are sory mmibr o Sase svslable from NCDC. The LDEO
@t bark behados some data noe Ml m NGDC and
lschks some that NODC hao, particsiarly the mux
contribations Howeser, a5 aill be shoan, the pounx
dals o dotermencd by scendnge made before the rabd- 1VN0x




ealy Gravity Data Set
2004, 2005 and 2008-2010
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Dual BGM-3 Gravimeters on
USCGC Healy

Tuesday, May 3, 2011



Backing and Ramming
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Effect on Gravity Anomaly Data
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world’s largest crossover data set
USCGC Healy 2010 Season
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History of Gravimeter Bias
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2010 Internal Cross-overs

greater than 1000 km along track separation
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Internal gravity anomaly cross-overs
2010 Season

During HLY-10-221, 609 internal cross—overs were During HLY-10-222, 605 internal cross—overs were
found at minimum along track offset of 1000.0 km. found at minimum along track offset of 1000.0 km.
Mean cross-over error is 0.05.

Mean cross-over error is 0.12.
1 The standard deviation is 0.69 | ___The standard deviation is 0.53
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2010 External Cross-overs
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Mean Gravity Crossovers
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Internal Bathymetry cross-overs
2009 (SeaBeam 2112) and 2010 Season (EM 122)

Center Beam Only

| T |
During HLY-09-221, 1053 internal cross-overs were During HLY-10-221, 478 internal cross-overs were
found at minimum along track offset of 1000.0 km. found at minimum along track offset of 1000.0 km.
[ Mean cross-over error is 0.33. Mean cross-over error is 0.14.
The standard deviation is 7.54 The standard deviation is 2.09

frequency
frequency

0 0

meters meters
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Mean Bathymetry Crossovers

- HLY-04 | HLY-05 | HLY-08 | HLY-09 | HLY-10
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Arctic Gravity Project Grid
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AGP vs Healy

underway gravity anomalies
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Mapped differences
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