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Overview of GNSS Heighting

Height systems and Geoid models

Preliminary Tidal Monitoring

Measuring ellipsoid Heights

Working with height datum offsets



The Geoid

 Universität Stuttgart



Heighting Surfaces



H = h - N N = h - H



Water can flow uphill!!!



The PNG Geoid
(Kearsley & Ahmad)



Vertical Datums & accuracies in PNG

MSL traditionally derived from:

Trigonometric 
Heighting

Geometrical Levelling

Terrestrial Gravimetry

Barometric Altimetry

Single Ray +/- 5m / 100 km
Reciprocal Ray +/- 1m / 100 km

0.2 m / 100 km

1 m / 100 km

10 m / 100 km



GNSS Heighting

GNSS Heighting

Satellite Gravimetry 

Ellipsoid Ht. 10 mm / 100 km

0.1 m / 100 km

Geoid Models

PNG  Geoid
& EGM96 1.2 m / 100 km

EGM2008 0.2 m / 100 km 



AllTrans EGM2008 Calculator



EGM96
Online
Calculator





+/- 18 metre MSL errors from OmniStar GGA

Add GGA Geoidal separation to recover ellispoid Ht

Using OmniStar for Heighting

OR, ensure that software has EGM96/EGM08



o = RLLOCAL - h  + N

RLLOCAL = h  - N + o 

hFALSE = RLLOCAL + N

Working with height datum offsets

Applying
the offset

Computing
the offset

False
ellipsoid Ht
for RTK



An MSL benchmark network



Using WxTide
to predict
Tides



Compute Ellipsoid Height 

Static baseline from PNG94 control 

or, AUSPOS or NRCan 

AUSPOS   www.ga.gov.au/bin/gps.pl

NRCan  www.geod.nrcan.gc.ca/online_data_e.php



RLPRED = RLEGM + D

RLLAT = RLPRED - low 

RLHAT = RLPRED - high

RLMSL = (RLHAT + RLLAT )/2

c = RLMSL - RLEGM

Compute
RL on Prediction Datum

Compute LAT

Compute HAT

Compute MSL

Compute
correction to Geoid
model (zero order term)

Computing MSL and geoid correction 



Direct measurements
of sea level from a BM 

Measurement is average
of 3 wave tips and 3 wave
troughs within 3-4 minutes 



RLEGM2008 of BM4 = 3.766 m

Mean D = -0.62

RLPRED = RLEGM + D

RLPRED = 3.766 + -0.62 = 3.15

Low = -0.20 (from WxTide)

High = 1.80 (from WxTide)

RLLAT = RLPRED - low
RLLAT = 3.15 - -0.20   = 3.35

RLHAT = RLPRED - hat
RLHAT = 3.15 - 1.80   = 1.35

RLMSL = (RLHAT + RLLAT )/2
RLMSL = (3.35 + 1.35)/2   = 2.35

c = RLMSL - RLEGM

c = 2.35 - 3.766 = -1.42

Worked example 



Sea Level monitoring

Tide Gauge network - Lae

Precise levelling
(UniTech
students 2002)

Absolute height change

Manus

South Pacific Sea Level
and Climate Monitoring
Program (SPSLCMP)


