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1. Introduction and Problem

Within the frame of the * E| e v arbjectosupported by the action“ Ar ¢ h | Ih-e Euedsigof
researchgroupsin T.EI.” ¢o-financedby the EU. and Greeknational funds, an extensiveevaluation of
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2. Avallable data and models

The GGMs used In the evaluation

procedureare listed in Table1, while Tablel: TheGGMsusedin the evaluationprocedure

the latest GOCEGOCE/GRAGHd combinedGGMshasbeencarried out. the distribution of the geoid heights VeI [N Data Reference

| | | | | (103 valuesfor Attika and127values | DIRRS5 300 S(GOCE, GRACE, LAGI Bruinsmeet al,2013
Theevaluationwas performed usinga set of collocatedGP&and leveling BMs coveringthe regionsof o Thessaloniki) obtained from TIMMR5 280 S(GOCE) Brockmanret al.. 2014
Attika and Thessaloniki To this extent the latest DIRRS and TIM-RS GOCE/GRACEGMs were GPS/leveling measurements are EGMOS 2190 S(GRACE), G, A Pavliset al 2612

evaluated to conclude on the possible improvement brought by GOCE Moreover, local height
transformation parameters have been determined to accommodate surveying and engineering
applications

shownin Figurel.

Data S= Satellitetracking,G = Gravity,A = Altimetry

Figure 1: Distribution of
the GPS/leveling data
for Thessaloniki (right)
and Attika (left). The
colored values depict
differences  between .
geoid heightsfrom TIM-

R5 (max d/o 140) and
those derived from
GPS/levelinglata.

Moreover, local geoid modelshave beendetermined for the two areasunder study through the well-

known Multiple-Input Multiple-Output SystemTheory (MIMOST)method, employing GOCESGMs
and the local GPS/Levellinglata. The so-determined geoid models are validated againstthe latest

gravimetric geoid for Greeceand conclusionsare drawn w.r.t. the improvement brought by GOCHn

resolvingthe lower and medium band of the gravity field spectrumwith higheraccuracy

3. Evaluation of geoid heights derived from GGMs

Absolute differences between the geoid heights and the GPS/leveling benchmarks were computed fdfromthe results provided in Table2, it is observedthat the differencesin Thessalonikare largerthan the
each test area using the following formula: ones observed in Attika Iin terms of std, mean value and range A possible explanation for these
ANGDS — N differencesis directly related to the vertical network of Greece Thebenchmarksfor the areaof Attika are

‘ closeto the referencepoint of the Greekvertical datum, i.e., the tide gaugestation at Piraeusport. Onthe

other hand, the benchmarkdocatedin the areaof Thessaloniklie approximatelymore than 300 km away
from the referencepoint and a commonadjustment of the Greekvertical network hasnever beencarried
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where N? is the contribution of the zero-degree harmonic to the GGM geoid undulations with respect
to a specific reference ellipsoid. The statistical values of the differences (before fit) are provided in

Table 2. out sofar. By further examiningthe results, the third order polynomial model (model F) seemsto provide
A least-squares adjustment procedure was then carried out using the six parametric models listed the bestfitting resultsfor both test areas In the casewhere the two GOCHasedmodelsDIRR5 and TIM-
below: RS are combined with EGM)8, the parametric models provide an improvement to the results of
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Q) 4|o W p (e e )(C_ _) AO - Figure 2. Corrector surface computed for the area of Attika using a third order polynomial parametric

model (model F) for the differencesbetween geoid heights from GPS/levelingand the geoid models a)

TIM-R5 (max degree 140), b) TIM-R5 (max degree 280), ¢c) combination of TIM-R5 (max degree 140) and
where o, , # Yy and # ¥ are the model coefficients,¥ ::andf ::denote the geographicalatitude and EGMS8
longitude, respectively,andv andyf arethe correspondingmeangeodeticlatitude and longitude

of the study area In Figure2 indicative plots are shown for the estimated corrector surfacesfor the area of Attika usinga

third order polynomial parametric model (model F) The corrector surfacesfor model F depict a south-
Table 2: Statisticsof geoid height differencesbetween GPS/levelinggeoid heights and GGMsgeoid  westto north-easttrend, while for the areaof Thessalonikno suchtrend is detected

heights before and after the leastsquaresfit with parametric models for the areasof Attika and

Thessaloniki
_ Attika Thessaloniki Table 3: Statistics of geoid height differences between GPS/levelinggeoid heights, GGMs geoid
heightsand combined MIMOSTgeoidheights for the areasof Attika and ThessalonikiUnit: [m]
ode M Im M m m
Before Fit -0.575 0.334 1.476 -  -0.765 0.447 2241 - Nepsey - Noirrs(i40) + o Nepsey = Neom
Model A 0.008 0.177 0.819 0.727 0.066 0.243 1.354 0.691 AAttr_‘f(a rga%% oS(t)%o gaggj rg‘fg‘z 038‘257 g"zgg
SIRRE ModelB 0.000 0.173 0.823 0.744 0.000 0.239 1.338 0.723 Thess'ai)niki 5288 0160 ~ o014 10 655 0 1ok 0 63
maxdeg. 140 ModelC 0.000 0.250 1.097 0.452 0.000 0.314 1.616 0.513 - - ' ' ' '
a ModelD 0.000 0.333 1.437 0.018 0.000 0.331 1.746 0.456
Model E 0.000 0.286 1.388 0.278 0.000 0.445 2.201 0.017 .  Mietrilg g
Model F 0.000 0.122 0524 0878 0000 0.180 1.088 0.849 | o Gpsleveing daa |
DIRRS5 Before Fit -0.262 0.187 0.887 - -0.528 0.472 2.396 - for Thessaloniki (right) ” |
maxdeg.:300 Model F 0.000 0.115 0.538 0.648 0.000 0.180 1.088 0.864 | and Attika (left). The |
DIRRS5 (deg. Before Fit -0.406 0.080 0.514 - -0.488 0.160 1.014 - colored values depict |
140 + EGM0O8 Model F 0.000 0.072 0.397 0.255 0.000 0.141 0.738 0.269 | differences  between
TIMR5  Before Fit -0.563 0.336 1535 -  -0.768 0449 2250 - geoit_heights from e
maxdeg.:140 Model F 0.000 0.122 0.524 0.879 0.000 0.180 1.088 0.850 | oo ition and those
TIM-R5 Before Fit -0.293 0.202 0.989 - -0.671 0.446 2.253 - derived from “!
maxdeg..280 Model F  0.000 0.116 0.543 0.698 0.000 0.180 1.095 0.847 | GPS/levelinglata. L
TIM-R5(deg. Before Fit -0.394 0.080 0.776 - -0.491 0.160 0.731 -
140 + EGM08 Model F 0.000 0.072 0.397 0.258 0.000 0.141 0.738 0.272

4. Input-Output geoid models

Theuseof a“2inputs—10 u t psysterhis briefly discussedn this section Randomnoisefield of 10 cm
std is assumedfor both input data and the optimal transfer function of the systemis estimated Geold

MIMOST eétimated geoid
for Thessaloniki (right)

heightsusing DIRR5 to a max deg 140 and EGMS8 residual signalwere combined optimally with geoid and Attika (left)

heightsfrom GPS/leveling Thefinal geoid solution is estimated through an optimal spectralcombination

of the input signal(minimizationof output error). . e

N Q% Niso Figure4: Schematicaepresentation s d B
DIRR5(140)+EGMO8 i N of the input — output systemused -
e i o () R . .
AN H, \? " Neomb in the computations of the 5. Conclusions
Neps G% 2B en combinedgeoidmodels The extensive evaluation of the latest GOCEGOCE/GRACH&Nd combined GGMshave been carried out
A usingGPS/levelindpbenchmarksat two regionsin Central(Attika) and Northern (ThessalonikiGreece Local
2

parametric models have beentested in order to remove all datum inconsistencies Sixparametric models
nave been selectedand the GGMssignalhasbeenusedto its maximum power, aswell asto a truncation

Imit. The GOCE/GRAGEGMSssignalhas beenfilled in by the contribution of EGM8 frequency content.

The 5" releaseof GOCHEnodels estimated by the Direct aswell asthe TimeWise approachand filled by

EGM8 signal outperformed any other case,in terms of the std and the range of the differencesat GPS
benchmarks A third order polynomial improved the resultsof the differencesby 1 cmin Attika and2 cmin

Thessalonikarea,in terms of std.

A combined GPS/leveling/GGMgeoid model using the geoid height contribution of GOCEDIRR5 to a

degree 140 and EGM)8 residual signal has been estimated using MIMOST The comparisonsshowed an

Improvementof 1.3 cmin Attika and 3.5 cmin Thessalonikconsideringthe statisticsin terms of std of the

fitted residualswith the parametricmodel F (seeTable2). Theseresultssignalthe importance of MIMOST
methodologyin combinedgeoidmodeling

Theestimation of the output error PSDs feasiblethrough the error propagationin the frequencydomain.
The error PSDcan be transformed to output error covariancein 2D by the application of an inverse FFT
transformation.
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