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Part I – Vertical Datums and 
Geoids 
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• Type of height being used 
• Orthometric 

• Normal-orthometric 

• Ellipsoidal 

• Method of height transfer 
• Levelling 

• GNSS 

• Scale of datum 
• Local vs National 

• Purpose of datum 
• Mapping vs engineering 

Reference Surface Selection 
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• Physical surface 
• Frequently mean sea level 

• Fix MSL at a single point 

• Fix MSL at several points 

• Arbitrary level at a single point 

• Equipotential surface 
• Geoid 

• Quasigeoid 

• Geometric 
• Ellipsoid 

Reference Surfaces 
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The Geoid 
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• Advantages:  
• No more national-scale levelling  

• Accessibility to the vertical datum using GNSS 

• Better spatial coverage of datum 

• Disadvantages:  
• Low reliability in areas with poor gravity data coverage  

• Lower accuracy over short distances compared to levelling  

• Must minimise GNSS height errors (e.g. long occupation 
sessions, high precision post-processing)  

• Need to consider access by users without GNSS equipment 

Geoid Based Datums 
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• Derived from analysis of satellite measurements  

• Some include surface gravity data, e.g. EGM2008  

• Long wavelength (low resolution)  

• Described by spherical harmonic coefficients 

• Modern GGMs to very high degree & order  
• EGM96 (D/O 360) = 55 km 

• EGM2008 (D/O 2160) = 9 km 

• Often sub-decimetre accuracy, but low resolution 

• Most are purely satellite-based 

Global Geoids 
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ICGEM 
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ICGEM Geoid Repository 
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• Locally enhanced global models  

• Incorporate additional gravity observations from 
multiple sources: terrestrial, shipborne, airborne and 
altimetry 

• Various computational techniques:  
• Least squares collocation 

• FFT 

• Numerical integration 

• Must account for terrain and other corrections to 
gravity anomalies 

Regional Geoids 
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Regional Geoids 

• Gravimetric 
• Gravity only 

• Geometric 
• GNSS-levelling 

• Combined or fitted 
• Gravity based geoids combined with GNSS-levelling 



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 12 

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 12 

• Why do you want a datum? 

• What applications will it be used for? 

• How accurate does it need to be? 

• What is your budget? 

• How quickly do you need it? 

 

Vertical Datum Choices  
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Part II – Datum Development 
from a NZ Perspective 
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NZ’s Legacy Datums 
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New Zealand’s Why 

• Levelling networks not maintainable 

• Benchmarks only available in urban areas and along state 
highways 

• Need compatibility with NZGD2000 

• Consistent heights needed across land and sea 
• Economic development 

• Decision making 

• Disaster impact mitigation and recovery 
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• Heights re-established by levelling 

• 400 marks, 500 km 

• NZGD2000 control re-established 

by GNSS Survey 

• 250 marks  

An accurate geoid would have reduced 

the need for extensive levelling 

Disaster recovery 
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• Accessible - anywhere 

• Consistent reference system 

• Compatible with geometric 
datum (NZGD2000)  

• Fit for purpose – meets user 
needs 

• Maintainable and assessable 

Desirable Attributes for NZ 
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NZVD2009 Development 

• Needed gravimetric reference frame to operate with 
geometric datum 

• Geoid based datum chosen approach 

• Limited budget 

• Computed geoid from existing datasets 

• Developed transformations to local datums 
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• Datasets 
• EGM2008 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 

• Land Gravity Data 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 

• Land Gravity Data 

• DNSC08 Altimetry 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 

• Land Gravity Data 

• DNSC08 Altimetry 

• Digital Elevation Model 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 

• Land Gravity Data 

• DNSC08 Altimetry 

• Digital Elevation Model 

• Subtract EGM2008 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 

• Land Gravity Data 

• DNSC08 Altimetry 

• Digital Elevation Model 

• Subtract EGM2008 

• Fourier transform to residual 
geoid 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 

• Land Gravity Data 

• DNSC08 Altimetry 

• Digital Elevation Model 

• Subtract EGM2008 

• Fourier transform to residual 
geoid 

• Add back EGM2008 

NZ Quasigeoid 2009 
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• Datasets 
• EGM2008 
• Land Gravity Data 
• DNSC08 Altimetry 
• Digital Elevation Model 

• Subtract EGM2008 

• Fourier transform to residual 
geoid 

• Add back EGM2008 

• NZGeoid2009 

NZ Quasigeoid 2009 
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• Computed from existing datasets 

• Provided nationally consistent vertical datum across the 
NZ continental shelf 

• First consistent national vertical datum 

• Included offsets to 13 local datums 
• 6 cm nominal accuracy (assessed from GPS-levelling) 

• Local accuracy 3-15 cm 

 

NZ Vertical Datum 2009 
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Cadastral  
Surveyors 

Local 
Government 

Topographic 
Mapping 

Scientific  
Monitoring 

Recreational 
GNSS 

Hydrographic 
Charting 

GIS 

0.001 0.03 0.10 0.15 0.25 0.5 1.0 

NZVD2009 

NZVD2016 

Datum Improvement 
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• Needed better accuracy 

• New data needed 
• Land-sea gap 

• Mountainous areas 

• Airborne gravity survey to provide national coverage 

• Integrate airborne with existing gravity data 

• Better integration with local datums 

• Three year upgrade project 

NZVD2016 Development 
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Airborne Gravity Survey 

• Eight month campaign 

– August – October 2013 

– February – June 2014 

• 75 flights / 425 flying hours 

• 50,000 line km 



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 31 

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 31 

Airborne Gravity Anomalies 
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NZGeoid2016 Source Data 
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NZGeoid2016 Source Data 
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Combined Gravity Data 
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• Eigen-6C4 global model 

• Modified Stokes kernel 

– ψ0 = 1.5° 

– L = 180 

• Published on 1’ grid (1.8 km) 

– 160° E to 170° W 

– 25° S to 60° S 

NZ Quasigeoid 2016 
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NZGeoid 09/16 Differences 

Most significant changes: 

• Coastal areas 

• Mountainous regions 

• New global gravity model 
 

GPS/Levelling height changes: 

• Average: 0.10m 

• Range: -0.11m to 0.57m 
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NZGeoid2016 NZGeoid2009 

Mean 0.47 m 

SD 0.09 m 

Range 0.69 m 

Mean 0.34 m 

SD 0.03 m 

Range 0.25 m 

Changes Between Geoids 
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Datum 
2009 Offset 

(m) 
SD 
(m) 

Range 
(m) 

2016 Offset 
(m) 

SD 
(m) 

Range 
(m) 

Auckland 0.34 0.05 0.22 0.29 0.04 0.12 

Bluff 0.36 0.05 0.23 0.27 0.04 0.12 

Dunedin-Bluff 0.38 0.04 0.33 0.25 0.04 0.16 

Dunedin 0.49 0.07 0.30 0.33 0.03 0.25 

Gisborne 0.34 0.02 0.19 0.34 0.02 0.12 

Lyttelton 0.47 0.09 0.69 0.34 0.03 0.25 

Moturiki 0.24 0.06 0.34 0.31 0.06 0.32 

Napier 0.20 0.05 0.25 0.20 0.03 0.15 

Nelson 0.29 0.07 0.41 0.33 0.03 0.20 

One Tree Point 0.06 0.03 0.18 0.08 0.04 0.16 

Taranaki 0.32 0.05 0.17 0.29 0.03 0.11 

Wellington 0.44 0.04 0.26 0.41 0.05 0.16 

Stewart island 0.39 0.15 0.35 0.30 0.18 -0.30 

Offset Comparisons 
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Linking to local datums 

• Essential to assist users to migrate to new datum to 
encourage uptake 
• No compelling legislation in NZ 

• Offset approach simplistic 

• NZVD2016 defines fitted grids for each datum 
• Determined from GNSS-levelling differences 

• Model “error” in GNSS and levelled heights 
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Datum 
Range 

(m) 
STD 
(m) 

Auckland 0.23 - 0.35 0.02 

Bluff 0.22 - 0.34 0.02 

Dunedin-Bluff 0.17 - 0.33 0.02 

Dunedin 0.19 - 0.44 0.02 

Gisborne 0.27 - 0.39 0.02 

Lyttelton 0.22 - 0.47 0.01 

Moturiki 0.17 - 0.49 0.02 

Napier 0.14 - 0.29 0.02 

Nelson 0.23 - 0.43 0.02 

One Tree Point -0.01 - 0.15 0.01 

Taranaki 0.23 - 0.34 0.02 

Wellington 0.34 - 0.50 0.02 

Stewart Island 0.30 0.18 

Local datum relationships 
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Part III – Accessing the Datum 
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NZVD2016 heights (H) can 
be determined by 
subtracting a NZGeoid2016 
height (N) from an 
ellipsoid/GNSS height (h) 

H= h–N 

The LVD Relationship Grids (OA) 

transform NZVD2016 heights (H) 

from LVD heights (HA)  

  HA= H+OA 

NZVD2016 transformations 
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• LINZ Geodetic Database & Landonline  
• www.linz.govt.nz/gdb  

• LINZ coordinate converter  
• apps.linz.govt.nz/coordinate-conversion/ 

• LINZ Data Service – www.data.linz.govt.nz 

• LINZ website - www.linz.govt.nz 

Better access to NZVD2016 

http://www.linz.govt.nz/gdb
http://apps.linz.govt.nz/coordinate-conversion/
http://apps.linz.govt.nz/coordinate-conversion/
http://apps.linz.govt.nz/coordinate-conversion/
http://www.data.linz.govt.nz/
http://www.linz.govt.nz/
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National Geodetic Adjustment 

• Provides consistency across country 
• 83,000 marks 

• 700,000 observations  

• Includes: 
• All GPS/GNSS data since 1990s 

• Terrestrial geodetic observations 

• Levelling observations 

• Consistent coordinates now maintained 
for entire geodetic network 

• NZVD2016 heights published for all GNSS 
heighted marks 
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Geodetic Database 
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High Order Height Control 

NZVD2016 Local Vertical 
Datums 
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Local Height Control 
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Online conversions / calculator 
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LINZ Data Service 
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http://www.linz.govt.nz/positionzpp 
 
• Computes control points for free 
• Uses nearest 3 PositioNZ sites 
• ~6 hours data needed 

Establishing vertical control 

http://www.linz.govt.nz/positionzpp
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Linking to other local datums 

• Official relationships only provided to 13 
main local datums 

• Users need to compute local offsets by site 
transformation: 
• Observe a number locally heighted marks with 

GNSS 
• Calculate the NZVD2016 heights for the marks 
• Determine difference between NZVD2016 and 

local height 

• Only applicable over small areas 

• Dependent on choice of marks 
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Part IV – The Future 
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Geoid Maintenance 
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• Maintenance may or may not be needed 
• More data acquired  

• Mass changes 

• Extra data can be incrementally added 
• In NZ case more likely to be with datum relationships 

• Geoid changes caused by mass movements 
• Mega-thrust earthquakes causing significant uplift 

• Glacial Isostatic Adjustment (not in NZ) 

 

Geoid Maintenance 
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Part V – Summary 
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How to Develop a Datum? 

• Decide what you want from a datum 
• Regional interoperability 

• MSL alignment 

• Accuracy 

• Support for existing data and datums 

• Funding 

• Implementation 
• All at once 

• Develop in stages 

• How will you effect uptake? 
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Things to Consider 

• What data is available in your country 
• Gravity 

• GNSS-levelling 

• Tide gauges 

• Elevation models 

• What datums are currently used 

• What do the users of your datum want/need? 
• Accuracy 

• Spatial coverage 

• GNSS compatibility 
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