Evaluation of GOCE/GRACE Global Geopotential Models over Greece with collocated GPS/L

observations and local gravity data

G.SVergos V.N.Grigoriadis |.N. Tziavos C.Kotsakis

Department of Geodesy and Surveying, Aristotle University of Thessaloniki, Univ. Box 440, 54 124, Greece

Introduction and iProblem Obijectives

The advent of the GOCEand GRACHnissionsduring the last decade have The evaluation is performed in the spectral domain by evaluating the spectral power of each model as well the cumulative
brought new Iinsights and promising results both in the static and time- (formal) geoiderror.
variablerepresentationof the 9 | NIgr&vdy/dield.

GRACIPprovided outstandingresults and allowed for the first time the use of
gravity field data for the determination of massvariations within the Earth
system

Onthe other hand, the missionof GOCEevenwith its limited time spanof 2
years now, has given high-accuracyresults for the representation of the
medium frequenciesof the 9 | NJAtdi€paavity field.

In most casesgravity-field related satellite data becomeavailablein the form
of sphericalharmonicsexpansionof the 9 | NJi&ubéng potential or the so-
calledGlobalGeopotentialModels (GGMS)

Thefocusof this work is directed to the evaluationof all availableGGMsfrom
GOCENnd GRACH)oth satellite only aswell ascombinedones

All available GOCEonly, GOCE/GRAC&d combined models (R1, R2, & R3)
are evaluated to investigate the influence that 6-months, 1yr and 2 yrs of = .
GOCHata haveon the representationof the gravity field spectrum

First, a spectral analysisof all available models has been performed, in order to concludeon the spectral bandsthat will be
iInvestigatedand assesthe cumulativegeoidaccuracyoffered by eachone.

Then, the evaluationis carried out over an extensivenetwork of collocated GPS/Levellindbenchmarkswhich coversthe entire
part of continental Greece In all casesa local LSGbasedgravimetricgeoidmodel (NLSCis usedasground-truth

-inally,all availableGGMsare evaluatedwith respectto the reductionthey provide in existinggravity data in order to assesgheir
performancein a scenariothat a remove-compute-restore procedurewould be followed for geoiddetermination.

Basedon the results,the improvement offered by the latest releasesof the TIM, DIR& GOCOnodelsis outlined, while all results
are comparedagainsta local gravimetricgeoidmodeland EGM2008 Thelatter serveasthe nominal baselinegeoid modelsgiving
the mostrigorousresultsin terms of the std of the comparisonswith GPS/LevellinddMs

GGMs used for the evaluation over Greece, data employed for their
development and maximum d/o of expansion

n max Data Reference

EIGENS51c Geoid Error

EIGEN51c Geoid Signal

Models

GOCE-GOCO0O03s Geoid Signal -----GOCE-GOCO003s Geoid Error

EGM2008 2190 S(GRACE), G, A Pavlis et al., 2008
EIGENb1C 359 S(GRACI'EA: CHAMP) Bruinsma et al, 2010
GOCOO01S 224 S(GOCE, GRACE Pail et al., 2010
S(GOCE, GRACE -
GOCO02S 250 CHAMP, SDR Goigingeret al., 2011
S(GOCE, GRACE - A
GOCOO03S 250 CHAMP, S)R MayerD N NNEX S (i
ITG . A
GRACE2010S 180 S(GRACE) MayerD N NNJ S U
DIR R1 240 S(GO%EIJrEIbéEkgm” Bruinsmaet al., 2010
modae ), Figurel: Degreeand error degreevariancesof the TIM, DIRand GOCQnodels(R1, R2, R3) (left) and the respectivecumulative
S(GOCE+ backgrou | geoiderrors (right)
PIR_R2 240 ngcg%gcfos) Bruinsmzet al., 2010 GOCE/GRACE GGMs and spectral evaluation
S(GOCE, GRACE . GOCOO03s provides the overall best results with smaller errors up to degree n~175 compared to the EGM08 and n~175 compare
DIR_R3 240 | AGEOS) Bruinsma et al., 2010 to EGMO8. Its predecessors GOCOO01S and GOCOO02S were better than EGMO08 to degree n~153 and n~166 respectively.
TIM R1 224 S(GOCE) Pail et al., 2010 The strong Wshape in both the GOCEIR and GOCEIRR2 models is due to GRAG@OCE combination. This is not shown in the
TIM R2 250 S(GOCE) bail et al.. 2011 rel. 3 DIR model, which has smaller formal errors, compared to the earlier releases;Jogrders of magnitude. GOABIRR3 Is
S . N better than EGMO08 to degree n~188.
M R3 250 S(GOCE) Pail et al., 2011

The R1 and R2 GOGHEly GGMs are better than GRA®GERsed ones above n~140 due to the few GOCE observations used. Note
that most models are based on a few months of GOCE data contrary to ~7 years of GRACE observations. This situation change:
completely with the R3 models which incorporate about 1.5 yrs of GOCE data. Th&BEror spectrum is improved by ~4 order

of magnitude compared to R1 and R2, while the TR8 one by about -2 order of magnitude.

(Data: S = Satellite Tracking Data, G = Gravity Data, A = Altimetry De
GRACE (Gravity Recovery And Climate Experiment)
CHAMP CHAllengindMini-satellite Payload)
GOCE (Gravity S irid steady state Ocean Circulation Explorer)

With more GOCE observations used, their influence is significant especially when combined with GRACE data. This is evident
when comparing the IT&GRACE2010s model and GOCOO02s, where GOCE data in the latter boost its error degree variances to &
smaller than those of EGMO8 up to degree n=175 contrary to n=142 for the former.

From the GOGhnly GGMs, it is concluded that the R3 versions of GOOE, GOCBIR and GOCO are better than the first and
second releases, since they have smaller errors to higher degrees. This is due to the use of more GOCE data (~1.5 ®8) injthe

Local data used for the validation
L _ releases and as far as the DIR models are concerned, the use d6RACE2010s as a reference for the R3 model contrary to
The validation of the GOCE/GRAC&GMshas been based on comparison g|GEMNs1c for the R1 one.

with GPS/Levellingobservations (1542 BMs) covering the entire part of
continental Greece(SeeFigure 2). This set of collocated GPSand Levelling

LAGEOS (Las&EOdynamicSatellite)
SLR (Satellite Laser Ranking)

In terms of the cumulative geoid errors, the improvement of the rel. 3 models is evident. Comparing GQ62S, and 03S,
datais basedon historical orthometric heightsfrom the HMGSand ellipsoidal €ach reaches the 1 cm geoid error to d/o 143, 159 and 190 respectively. It is clear that the inclusion of more GOCHhaatalin
' 3 models, offers a significant boost to the reduction of tih@mal geoid errors. On the other hand, this improvement by 3 orders

heightswithin the HEPO®roject. _ : _ | : :
. . _ _ In the total cumulative geoid error of the GGMSs to their maximum d/o of expansion, e.g., from 15.6 cm 5.4 cm between GOCOO01
Moreover, evaluation w.r.t. the reduction that the GGMsoffer in available and GOC0O03S, is not depicted in their evaluation below.

gravity data is performed using a local gravity database that has been
compiledin the frame of the determination of a new Greekgeoidmodel. This - - : -
set comprisesof 294777irregular point gravity observations(see Figure 3) Cigfg‘;\l\’/le“ng geé)'d helgfht (Elrl]fferen_ces Egéhla neLtJW_c;rk of
coveringthe entire Hellenicterritory (islandsincluded)aswell asparts of the S OVEr LIEECE 101 e various s. unit [m].
neighbouringBalkancountries Before adjustment

From the GPS/Leveling geoid height
differences with the available GGMs, the
Improvement offered by the R3 modes,
w.r.t. the R1 and R2 versions iIs evident .

As far the evaluation of the GGMswith GPS/LevBMs is concerned, all max min mean ms std gﬁfretrré%é;ecs)(d:% rrsmbdeli t(t1ne1 sbtedtvc\)lfet6hneRl and
computations have been carried out in the TF system for all height 0.119 -1.033 -0.392  p0.416  R0.140 N(LSC) R3. while the m'? ro¥/ement s at the same
componentsusing GR8O0 as the referenceellipsoid. All gravity data refer to 1.218 -1.746 -0.343 (0.584 K0.472 EGM08250) level for the TIMpmodeIs. The improvement
the GR80ellipsoidandthe IGSNVGRBO gravity referencesystem 0.168  -0.810  -0.374 §0.400 £0.141 [EEESEVI:CLII0RMM for the DIR is marginal, at the 2 cm level,
1.341  -1.242  -0.309 F0.507 F0.403 SNkl 0'ven that its R1 model provided an
1747 2183 0299 F0.752 £0.690 [IICCANIGSARIEEN| occuracy equalto that of the Rz for GOCQ
FARERR R I oo [E——
: - e Bt B &£50) performance is equivalent to that of
1415  -1.795 0353 50.609 50.496 [cloloelici=I)MM EGNM2008, when truncated to a d/o 250,
1488  -1.801  -0.344 [0.613 0.507 GODIR(240) %%mge;ggesrg tﬁ] Jgssth102 cm at g;ggtlatest,
, . Thi W
1603  -1.650  -0.347 §0.613 £0.505 IS PIPZIOME [ CCnCt o e ndlusion of
1.406 -1.703 -0.352 0.597 0.482 GODIRR3(240) more GOCE data, especially in view of the
1.607 -1.948 -0.348  p0.646  R0.544 GOTIM (224) fact that EGM2008 contains detailed local
1505 -1.659 -0.360 E0.618 £0.502 EENcleYIVN VL)l 9ravity data over Greece.
1.386 -1.804  -0.356  50.609 50.494 pKeleqiIVaAE{rA{OR !t Is interesting to notice the consistent

Adjustment of collocatedGPS/Leveling geoid heightsParametric fit

mean offset between the available
GPS/Leveling height data and all used
GGMs as well as the local model. It is at the

. e Model A —35 cm level, signaling an offset between the Greek LVD and a
Figure3: Distribution of the 294777 global vertical datumMore on that in the presentation S5
Figure 2: Distribution of the 1542 gravity observations for the ModelB 175 (Wed. Oct. 1G18:00) on theWo in Greece.
GPS/LeBMsfor the validation validation voaera For the minimization of the differences, various parametric
Statistics of the original freair gravity anomalies over Greece, contribution of ' g?r%?lglr?t;) ?éer]l;f%(?rrrl];?%tﬁdmo,g?lohngstgggﬁ,Stglqggréadm ?(t)errnodel
the various GGMs (normal lettering) and reduced fields (italics). Umtdal Model D systematic and random differences between the G:PS/LeveIing
GOCE/GRACE GGMs effects on local graatst [nGal Model B and GGM geoid heights. The improvement for all models is of
max min mean s std - the order of 4 cm, providing a corrector surface that can be
269.027 -236.0909 -22.731 77522 74114 used to describe their variation over the Greek territory.
213.982 -236.870 -22.451 77.582 74.263 RV IralsL Statistics of the differences between GPS/Leveling and geoid heigh_ts from
02 084 -147.407 -0.280 5871 K8 ngred EGM200S the local LS@ased model (before and after fit of the residuals). [Unit: m]
117.056 -192.911 -18.461 73.346 70.985 el Ipas0) min mean rms
210.259 -138.388 -4.270 27.074 26.735 Epl I R=€1\/400]S 0119 -1.033 50.416  £0.140 before fit
117.929 -189.7/08 -18.594 73.385 70.991 m3[e]=N(6{p4:10) 0.595 -0.566 0.000 50.133 [0.133 MODEL A
210.370 -139.195 -4.136 27.054 26.736 Epleflel=[€1= )le 0.485 -0.480 0.000 50.125 [0.125 MODEL B
08.953 -180.089 -17.373 71.843 69.710 mLeICIav® =0NN0§R:0) 0.517 -0.594 0.000 {K0.129 F[0.129 MODEL C
251.906 -147.804 -5.358 30.889 30.421 EpleI=leRRKCICIRVA @9 0NN0S 0.518 -0.661 0.000 §R0.139 R0.139 MODEL D
97.867 -190.283 -17/.821 [72.7/28 70.511 gelol&(0kNeys 0.519 -0.567 0.000 50.130  £0.130 MODEL E
iggiig 13;221 ) 13223 33{1;;8 ?3222 g%g%g&gg;s GPS/Leveling geoid height differences at the network of 1542 BMs over
' ' ' ' ' Greece for the various GGMs after the fit with model B. Unit [m].
223.161 -132.429 -4.416 27.869 27.517 HllKei0le( s After adjustment
107.499 -191.915 -18.312 73.027 70.694 gelel&0XSIP4N0) mean ms <td
224.651 -132.057 -4.419 27.779 27.425 HIEhICIO[&(0RS
113.186 -196.837 -18.479 73.373 71.008 eieinliz{p21e) (1)2251) 10 ;280 8888 ggigg 56.141,2655 EGIKI/I%SS(%O)
216.119 -136.974 -4.251 27.601 27.217 gpleI=lsKeI@InlIz: 0510 -0.458 0.000 0.133 §0.133 EGM082160)
104.643 -193.634 -18.088 73.104 70.831 eieinl{zIz2Xppd0) 1.607 .0.968 0.000 £0.393  F0.393 EIGEN1C(359)
226.427 -132.401  -4.463 28.755  28.378 glelcvyele plisis 2.034  -1.951  0.000 R0.679 £0.679 [felels¥Nei=rloklei5:l0)
106.050 -190.976 -18.387 73.143 70.795 elelinliziaLyel:le) 1.869 -1.597 0.000 50.532 §0.532 GOCO01824)
223.690 -129.921 -4.344 28.096 27.758 Bl IEsfelelnlIninL! 1.753 -1.353 0.000 50.490 §0.490 GOCO002&50)
98.634 -190.849 -1/.815 72.792 70.579 Eeleapl\veyrs 1.684 1.470 0.000 50.484 F0.484 GOCO03850)
227.824 -138.574 -4.915 29.148 28.731 gleIlekeIeanlY 1.764 -1.461 0.000 50.497 §0.497 GODIR(240)
107.867 -193.859 -18.333 73.032 70.694 eleanl\ Sz 4pise) 1.664 -1.486 0.000 r0.495 [0.495 GODIRR2(220)
222.635 -132.988 -4.937 27.831 27.482 EleI=lsKCICARI\Y/ S22 1.669 -1.386 0.000 50.472 R0.472 GODIRR3(240)
109.486 -192.800 -18.385 73.158 70.810 gelealVZzeRv4s1e) 1.891 -1.575 0.000 r0.527 R0.527 GOTIM (224)
223.574 -133.430 -4.346 27.680 27.337 HlI=leRCICANI\Y/ERL! 1.772 -1.330 0.000 K0.490 [0.490 GOTIM-R2(250)
1.652 -1.483 0.000 0.482 R0.482 GOTIM-R3(250)

Figure 4: Original and reduced to GOCOO03s faeep
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