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Purpose 

 Orthometric heights in Japan are 
determined by leveling survey. 

 However, leveling survey takes time and 
expensive. 

 Height determination by GNSS survey 
with geoid model is less expensive. 

 Goal is to establish enough accurate 
geoid model for applying to orthometric 
height determination in Japan. 



Geoid height 

GRS80 ellipsoid 

N: Geoid height 

Geoid height can be determined from ellipsoid height  

(GNSS) and orthometric height (leveling survey) 

Geoid (Mean Sea Level) 

H: Orthometric  

Height 

(Leveling) 

h: Ellipsoid height 

(GNSS) 

N = h-H 



Orthometric height 

GRS80 ellipsoid 

N: Geoid height 

(Geoid model) 

If geoid model is accurate enough,  

orthometric height can be determined from  

ellipsoid height (GNSS) and geoid height (Model) 

Geoid (Mean Sea Level) 

H: Orthometric  

height 
h: Ellipsoid height 

(GNSS) 

H = h-N 



 Geoid Model is a height model which describes 
shape of surface of geopotential zero. 

Geoid Model 

Gravity Geoid Model Hybrid Geoid Model 

Input 

Data 

ÅGlobal Gravity Potential Model

GGM  

ÅGravity Data Land 240,000~, 

Marine 570,000~  

ÅTopographic Data (DEM) 

ÅGravity Geoid Model 

ÅGeoid Height GNSS/Leveling  

Advantage 

ÅSpatial Coverage with high 

resolution 

ÅHigh accuracy in short wave-

length 

ÅFitting Gravity Geoid Model to  

 GNSS/Leveling Geoid Height 

ÅConsistent with Vertical Datum in  

 Japan 

Issue 
Error in long and middle wave-

length components 

Example JGEOID2000 JGEOID2008 GSIGEO2000, GSIGEO2011 



Geoid Model 

 Purpose of GSI hybrid geoid model is to 
give consistent orthometric heights with 
Japanese vertical datum which is 
established by leveling survey. 

 Base geoid model is Japanese gravity 
geoid model JGEOID2008 .  

 Hybrid geoid model GSIGEO2011  is 
established by fitting JGEOID2008 to geoid 
height determined from GNSS/Leveling. 



Geoid Model 

  Geoid Height 

(GNSS/Leveling) 

Gravity Geoid Model 

(JGEOID2008) 

Hybrid Geoid Model 

(GSIGEO2011) 

 Gravity geoid model is established from gravity 
observation on both land and marine. 

 Geoid heights are determined by 
GNSS/Leveling on benchmarks and stainless 
steel survey markers at GEONET stations. 

 Hybrid geoid model is established by fitting 
gravity geoid to GNSS/Leveling geoid heights. 



Geoid Model 

Gravity Geoid Model 
VFull Spatial Coverage 

VHigh Resolution 

VHigh Accuracy in short wave-length 

üNOT consistent with Japanese 

Vertical Datum 

Geoid Height Data 
VDetermined by GNSS/Leveling  

VConsistent with Japanese Vertical 

Datum 

üDiscrete Distribution 

  (Only on Benchmarks or stainless steel 

survey  markers at GEONET stations) 

Hybrid Geoid Model 

Fitting Gravity Geoid Model to Japanese Vertical Datum  

by GNSS/Leveling Geoid Height Data 

Hybrid Geoid Model Establishment in Japan 



Gravity Geoid Model 
 JGEOID2008 is the latest gravity  

     geoid model by GSI for Japan. 

 Combining  

    GGM02C: GRACE-based     

      global geopotential model 

    surface(land and ship-borne)  

      gravity measurements 

    KMS2002: altimetry-derived  

      marine gravity model 

 1× 1.5 arc-minute grid 

 SD:       8.44cm 

    Max Dif.:  -20.22cm 

    (Compared with GNSS/Leveling  

      geoid height on benchmarks)  
 

Kuroishi (2009) : Improved geoid model determination for 

Japan from GRACE and a regional gravity field model 

 

 



JGEOID2008 

 JGEOID2008 

Universal gravity model GGM02C/EGM96 (GGM02C complete to degree and 

order 200, merged with EGM96 from degrees 201 to 360) 

Land Gravity Data  267,805 pt. 

Marine Gravity Data 

 579,186 pt. (Bureau Gravimetrique International)  

 KMS2002 (combined with ship-bone gravity data by the 
semidiscrete wavelet analysis/reconstruction method with 
two-dimensional Halo wavelets) 

Land Elevation model   250m mesh Digital Elevation Model (GSI) 

Calculation method 
Spherical 1-5 CC¢ ǘƻ {ǘƻƪŜǎΩ ƛƴǘŜƎǊŀƭ ƛƴ ǊŜƳƻǾŜ-restore 
manner 

Output datum set 1×1.5 grid   (Ellipsoid : GRS80) 

Comparison with 
GNSS/Leveling geoid 

SD: 8.44cm  Max Dif.:-20.22cm 

Planer fit (Tilt: 0.18ppm   Azimuth: 97  SD: 5.99cm) 



GNSS/Leveling (Leveling) 
Orthometric heights are determined by  

leveling survey between standard datum of leveling and 

benchmarks or stainless steel survey  markers at 

GEONET stations. 

 

Level 

Rod (II) 

Rod (I) 

a 

b 

Relative Elevation  a  b 

Standard Datum of Leveling 



GNSS/Leveling (Leveling) 
Benchmark GEONET station GEONET  

station map 

(1271 sites) 

Stainless steel survey marker 

Benchmark 

First order leveling route (20,000km) 



GNSS/Leveling (Leveling) 
Tidal gauge station 

Benchmark 

Tidal station with 

continuous GNSS 

observation 

Station map (40) 


