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ABSTRACT

The developmentf a geoidbasedvertical datumin No

rth Americais a high-priority and

collaborativanitiative betweenCanadalJSA andMexico. This approachs fundamentally
different from the currentCanadianand US vertical datums which are constructedrom
leveling observations The contribution of the satellitebasedgravity technologyis one
critical componento the newvertical referencdrame Thefocusis on therealizationof a

1-cm accurategeoid model as an accessibleand practi

caltool to convert GNSS heights

Into a commongeopotentiareferenceramefor all North America The GreatLakesand

St Lawrence River region is one of the most chal
accomplishthis aim in termsof the definition, develo
geoidmodel For this purposethe existinggeoidmode
EGM2008 recently obtained3 GOCE models, and
terrestrialdatahavebeeninvestigatecandcomparedo t

enging and compelling parts to
omentand evaluationof the new
s,latestglobal geopotentiaimodel
their proper combinationswith
ne Canadian651) andUS (5941])

GPS/Levelinggeoidfor thearea The HelmertS t o lagpsodachhasbeenusedto achieve
the targetedl cm accuracy As it is expected,the GOCE modelsdo not improve the
accuracyof the geoidmodel All testedgeoidmodels(currentandnew GOCEbasedones)

havesimilar errorsof 4-6 cmwith respecto CanadiarGPS/Levelinc

eoid

RESULTS 1- Existing regional geoid models and/ EGM2008

Existing regional and global geoid models:
ACGG2005 (Current official Canadian Geoid Model),
AECG10 (Latest Canadian test model),
AJSGG2009 (Latest US and territories geoid model),
AEGM2008 (Latest global geopotential model)

have been used in our investigation.
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Figure 5: Shows EGM2008 model up to degree 2190.
Geoid changed from -18 to -41 for the Great Lakes area.
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Table 1. Comparisons between existing geoid models and
GPS/Leveling obtained N values on Canadian benchmarks.

Canada | CGGO05| EGM08| ECG10| USGGO09
Max -0.045| -0.086 | 0.035 | -0.105
Min -0.496 | -0.562 | -0.432| -0.566
Mean -0.306 | -0.394 | -0.260| -0.403
Std 0.052 | 0.044 | 0.045 | 0.044
Rms 0.310 | 0.397 | 0.2638| 0.405

Table 2: Comparisons between existing geoid models and
GPS/Leveling obtained N values on US benchmarks.

US CGGO5| EGMO08 | ECG10 USGGO09
Max 1.69 1.606 | 1.732 | 1.606
Min -1.013 | -1.110 | -0.964| -1.104
Mean 0.404 | 0.319 | 0.462 | 0.1319
Std 0.283 | 0.283 | 0.283 | 0.282
Rms 0.493 | 0.426 | 0.542 | 0.426

Figure 6: Differences between EGM2008 (up to
degree e 2190) and ECG10.

Figure 7: Difference s between ECG10 and

CGG200s.
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Figure 8a,8b, 8c, and 8d: Centered misclosures versus latitude and longitude.
All 3 geoid models (EGM2008 CGQG2005 and USGR009 show systematic

discrepanciewith theUS GPS/Levelinggeoid

DATA and METHODOLOGY

Study Area and Data Used
Study area,40-50 N , 6595 W is shownin Figure1 below Th

e areals characterizedvith large water

bodies,postglacialrebound.abundancef dataandat the borderof CanadaandUS. Redmarkersare651
Canadiarbenchmarksvhereadlackmarkersare5941US benchmarks
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Figure 1. Study area with Canadian and US GPS/Leveling benchmarks.
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Figure 3:Global geopotential model.
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Figure 2: 2'x 2" Gridded Helmert gravity anomalies.
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Figure 4: 2'x 2" Gridded DEM data.

RESULTS 21 GOCE models

A3 GOCE models (DS01, TWO01, and SWO01),
AGRACE and GOCE combined models,
AGOCE and terrestrial data combined models,
AGOCE and EGM2008 combined models
have been investigated if GOCE can improve the Igpealdmodel for the Great Lakes area.

AFor the Canadiageoid GOCE is expected to improve the medium wavelength band between

80 and 150.

Table 3. GOCE model is compared with EIGEN05-C and EGM2008 model (up to degree 240 which
is highest degree available for GOCE direct solution model).

Gridded CanadiarGPSLeveling US GPSleveling
240 |DS01 |EGMOS8|EIGENOSC |[DS01 [EGMO08 |EIGENO5C [DS01 [EGMO08 |EIGENOSC
Max |-17.677 -17.715 -17.829 -0.054 0.019 -0.005 1.349 1.358 1.378
Min | -39.535 -39.711 -39.631] -1.645 -1.649 -1.586| -1.126] -1.136 -1.116
Mean| -31.797] -31.816 -31.800 -0.895 -0.889 -0.894 -0.115, -0.120 -0.110
Std 4.467) 4.466 4.467| 0.262] 0.256 0.259 0.385 0.387 0.388
Rms | 32.110 32.128 32.112 0.932| 0.925 0.931] 0.402 0.405 0.403

Figure 11: DSO1 up to degree 150 is combined with terrestrial data

via the modified Stokes kernel and remove 1 restore technique.
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Table 4: GOCE up to degree 150 combined with terrestrial data and the

comparison with GPS/Leveling geoid undulations

Terrestrial| Canadian Us

data + |DSO01 |[SWO01|TwO01 |DSO01 [SWO01 |TWO01
Max -0.487| -0.518 -0.534] 1.223 1.230, 1.238
Min -1.055| -1.024 -1.041]| -1.504] -1.504] -1.509
Mean -0.801] -0.799 -0.801] -0.074| -0.072 -0.074
Std 0.050[ 0.056| 0.055 0.272] 0.273 0.275
Rms 0.803 0.801 0.803 0.282 0.283 0.284

Table 5:Comparison of combined GOCE and terrestrial data models (Table
4)and EGM2008.

Figure 12: Differences between EGM2008 / GOCE combined
solution (100 to 120 degree band is replaced by GOCE) and
EGM2008 (up to degree 2190) .

Table 6: EGM2008 bands replace by the GOCE TWO01 band.

EGM_2t02190+(TWO0IEGM)

Max |[Min Mean |Std Rms
EgmO08 |-0.048|-0.576(-0.386 [0.052 |0.389
80-120 |-0.092(-0.544|-0.388 [0.046 |0.391
90-120 |-0.046|-0.544|-0.382 |0.053 |0.386
90-150 |-0.087(-0.549|-0.388 [0.059 [0.393
100-120 | -0.077|-0.532|-0.392 |0.045 |[0.395
120150 | -0.076|-0.570(-0.394 |0.057 |0.398

Table 7: EGM2008 bands replace by the GOCE SWO01 band,.

EGM_2t02190+(SWOEGM)
DS01-EGMO08| SWO0IEGMO08| TWO1-EGMO08 Max Min Mean 1Std RMS
D 0.961 1.002 0.971 EgmO08 |-0.048 |-0.576 |-0.386 |0.052 |0.389
Min -0.396 -0.388 -0.395 80-120 |-0.076 |-0.604 |-0.398 |0.049 |0.401
Mean 0.403 0.402 0.402 90-120 |-0.043 |-0.541 |-0.383 |0.054 |0.387
Std 0.053 0.053 0.054 90-150 |-0.082 |-0.552 |-0.390 |0.059 |0.395
100120 | -0.093 |-0.606 [-0.395 |0.048 |0.398
Figure 9: Difference between DS01 and EGM 2008 Figure 10: Difference between DS01 and EIGEN5-C Rms 0.406 0.405 0.405 5 0068 1-0558 |-039 0399
(both up to degree 240). (both up to degree 240). 120150 | -0. -0.558 |-0.395 [0.056 |O.
CONCLUSIONS ACKNOWLEDGEMENTS

U We assessethe performanceof severalgeoid models(EGM2008 GOCE standalone modelsand GOCE combinedwith EGM2008

GRACEandterrestrialdata) usingtheavailableGPSon benchmarkslatain Canadaandthe US.

U Based on the statistics ofHitN misclosuresthere is no evidence that GOCE improves the Igealdmodel for the Great Lakes.

U Over all, allgeoidmodels (current and new GOCE based models) have similar erro& @h4wvith respect to Canadian GPS/Leveling

geoid The new tesgeoidmodel ECG10 shows less b6 cm; however, the standard error is 4.5cm.

U The improvement of the locgkoidwill be in terms of improving the local DEM by including the bathymetry of the lals#sg ihe real
topography density model and the water density contrast.

U Isostaticreductions can also be considered for the improvement of theg

lecialmodel.
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