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ABSTRACT
The developmentof a geoid-basedvertical datumin North Americais a high-priority and

collaborativeinitiative betweenCanada,USA andMexico. This approachis fundamentally

different from the currentCanadianandUS vertical datums, which areconstructedfrom

leveling observations. The contribution of the satellite-basedgravity technologyis one

critical componentto thenewvertical referenceframe. Thefocusis on therealizationof a

1-cm accurategeoid model as an accessibleand practical tool to convertGNSSheights

into a commongeopotentialreferenceframefor all North America. The GreatLakesand

St. Lawrence River region is one of the most challenging and compelling parts to

accomplishthis aim in termsof the definition, development,and evaluationof the new

geoidmodel. For this purpose,theexistinggeoidmodels,latestglobalgeopotentialmodel

EGM2008, recently obtained 3 GOCE models, and their proper combinationswith

terrestrialdatahavebeeninvestigatedandcomparedto theCanadian(651) andUS (5941)

GPS/Levelinggeoidfor the area. The Helmert-Stokesôapproachhasbeenusedto achieve

the targeted1 cm accuracy. As it is expected,the GOCE modelsdo not improve the

accuracyof thegeoidmodel. All testedgeoidmodels(currentandnewGOCEbasedones)

havesimilar errorsof 4-6 cmwith respectto CanadianGPS/Levelinggeoid.

DATA and METHODOLOGY
Study Area and Data Used

Studyarea,40-50 N , 65-95 W is shownin Figure1 below. The areais characterizedwith largewater

bodies,postglacial rebound,abundanceof dataandat theborderof CanadaandUS. Redmarkersare651

Canadianbenchmarkswhereasblackmarkersare5941US benchmarks.

CONCLUSIONS

üWe assessedthe performanceof severalgeoid models(EGM2008, GOCE standalonemodelsand GOCE combinedwith EGM2008,

GRACEandterrestrialdata) usingtheavailableGPSonbenchmarksdatain CanadaandtheUS.

üBased on the statistics of h-H-N misclosures, there is no evidence that GOCE improves the local geoidmodel for the Great Lakes.

üOver all, all geoidmodels (current and new GOCE based models) have similar errors of 4-6 cm with respect to Canadian GPS/Leveling 

geoid. The new test geoidmodel ECG10 shows less bias -26 cm; however, the standard error is 4.5cm.

üThe improvement of the local geoidwill be in terms of improving the local DEM by including the bathymetry of the lakes, using the real 

topography density model and the water density contrast.

üIsostaticreductions can also be considered for the improvement of the local geoidmodel.
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Existing regional and global geoid models:

ÅCGG2005 (Current official Canadian Geoid Model),

ÅECG10 (Latest Canadian test model),

ÅUSGG2009 (Latest US and territories geoid model),

ÅEGM2008 (Latest global geopotential model)

have been used in our investigation. 

RESULTS 2 ïGOCE models

Å3 GOCE models (DS01, TW01, and SW01), 

ÅGRACE and GOCE combined models,

ÅGOCE  and terrestrial data combined models,

ÅGOCE and EGM2008 combined models 

have been investigated if GOCE can improve the local geoidmodel for the Great Lakes area.

ÅFor the Canadian geoid, GOCE is expected to improve the medium wavelength band between 

80 and 150.

Gridded CanadianGPS/Leveling US GPS/Leveling

240 DS01 EGM08 EIGEN05-C DS01 EGM08 EIGEN05-C DS01 EGM08 EIGEN05-C

Max -17.677 -17.715 -17.826 -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

Terrestrial
data +

Canadian US 

DS01 SW01 TW01 DS01 SW01 TW01

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

Figure 11: DS01 up to degree 150  is combined with terrestrial data 

via the modified Stokes kernel and remove ïrestore technique.

Figure 5:  Shows EGM2008 model up to degree 2190.         

Geoid changed from -18 to -41 for the Great Lakes area.

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).
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Figure 9: Difference between DS01 and EGM 2008 

(both up to degree 240).

Canada CGG05 EGM08 ECG10 USGG09

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

US CGG05 EGM08 ECG10 USGG09

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

DS01-EGM08 SW01-EGM08 TW01-EGM08

Max 0.961 1.002 0.971

Min -0.396 -0.388 -0.395

Mean 0.403 0.402 0.402

Std 0.053 0.053 0.054

Rms 0.406 0.405 0.405

Figure 1: Study area with Canadian and US GPS/Leveling benchmarks.

Figure 2: 2`x 2` Gridded Helmert gravity anomalies.

Figure 3:Global geopotential model.

Figure 6: Differences between EGM2008 (up to 

degree e 2190) and ECG10.

Table 4: GOCE up to degree 150 combined with terrestrial data and the 

comparison with GPS/Leveling geoid undulations

Table 1: Comparisons between existing geoid models and 

GPS/Leveling obtained N values on Canadian benchmarks.

Table 5:Comparison of combined GOCE and terrestrial data models (Table 

4)and EGM2008.

Global Geoid Modeling, Remove-Restore Technique and Data

Figure 4: 2`x 2` Gridded DEM data.

EGM_2to2190+(SW01-EGM)

Max Min Mean Std Rms

Egm08 -0.048 -0.576 -0.386 0.052 0.389

80-120 -0.076 -0.604 -0.398 0.049 0.401

90-120 -0.043 -0.541 -0.383 0.054 0.387

90-150 -0.082 -0.552 -0.390 0.059 0.395

100-120 -0.093 -0.606 -0.395 0.048 0.398

120-150 -0.068 -0.558 -0.395 0.056 0.399

Table 2: Comparisons between existing geoid models and 

GPS/Leveling obtained N values on US benchmarks.

Figure 7: Difference s between ECG10 and 

CGG2005. 

a) b)

d)
c)

Figure 10: Difference between DS01 and EIGEN5-C

(both up to degree 240).

EGM_2to2190+(TW01-EGM)

Max Min Mean Std Rms

Egm08 -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

120-150 -0.076 -0.570 -0.394 0.057 0.398

Table 6: EGM2008 bands replace by the GOCE TW01 band.

Table 7: EGM2008 bands replace by the GOCE SW01 band.

Figure 12: Differences between  EGM2008 / GOCE combined 

solution (100 to 120 degree band is replaced by GOCE) and 

EGM2008 (up to degree 2190) .

Canada

US

Figure 8a,8b, 8c, and 8d: Centered misclosures versus latitude and longitude.

All 3 geoid models (EGM2008, CGG2005, and USGG2009) show systematic

discrepancieswith theUS GPS/Levelinggeoid.
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