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1. Types of Vertical Deformation 
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Continuous Vertical Deformation 
Å Until recently, vertical signal often difficult 

to detect (GNSS noisier in vertical) 

Å Secular vertical deformation 

Å Non-secular vertical deformation 

Å Post-seismic decay 

Å Natural subsidence 

Å Human-induced subsidence 

(resource extraction) 

Å Slow landslides 

Å Slow earthquakes  
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Episodic Vertical Deformation 
Å Earthquakes the major 

natural cause 

Å Landslides 

Å Subsidence 
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Name Date Magnitude Max Vt (m) 

Secretary Island (Fiordland) 22 Aug 2003 7.2 0.72 

Macquarie Island 24 Dec 2004 8.1 0.005 

George Sound (Fiordland) 16 Oct 2007 6.7 0.27 

Dusky Sound 15 Jul 2009 7.8 0.39 

Darfield 4 Sep 2010  7.1 1.75 

Christchurch 22 Feb 2011 6.3 0.48 

Christchurch 13 Jun 2011 6.3 0.13 

Christchurch 23 Dec 2011 6.0 0.36 

Cook Strait 21 Jul 2013 6.0 0.024 

Lake Grassmere 16 Aug 2013 6.6 0.26 

New 

Zealand 

Examples 
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2. Impact on Global and Local Vertical Reference Frames 
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Global vs Local Frame 

Global (eg ITRF) Local (eg NZGD2000) 

Driven by global science requirements Driven by national spatial community 

requirements 

Time-varying coordinates for ground-fixed 

marks 

Time-invariant coordinates for ground-fixed 

marks 

Plate motion and/or deformation models to 

propagate coordinates between epochs 

Plate motion and/or deformation  models to 

generate reference coordinates 

Native system for modern positioning 

techniques (GNSS) 

Modern positioning techniques (GNSS) 

require transformation to local frame 
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Two-Frame 

Referencing 

System 

ITRF 

Local frame 

Secular 

deformation 
Deformation Model 

Plate Motion Model 

Reference Frame 

Transformation 

Non-secular 

deformation 

May be null 
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Deformation Model for ITRF Coordinate Propagation 

MQZG 

Å Little overall impact on global frame 

ïRequires offset at ITRF station 

Å ITRF coordinates change due to episodic 

deformation, but this change is often less 

significant than a short period of continuous 

deformation 
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Impact on Local Reference Frame 

Å Relative accuracy of local frame is compromised 

Å Fluids may no longer flow from a greater height to a lesser height 
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User Requirements for Vertical Deformation Modelling in a Local 

Frame  
Å Heights need to reflect fluid flow 

Å Maintain relative accuracy, especially over short distances 

Å Often want coordinates to reflect ñlocalò vertical deformation, but the 

definition of ñlocalò is application-dependent. Models can hide vertical 

deformation, which can be dangerous. Care is required! 

Å Generally donôt want coordinates changing for consistent vertical 

deformation over large areas  
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3. Measuring Vertical Deformation 
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CORS 

Å Updated heights computed very 

soon after an event 

Å Other data uses these updated 

heights as control 
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GNSS Campaigns and Levelling 
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Levelling 
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GNSS 

 


