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Incorporating Episodic Vertical Displacements into
Vertical Reference Frames
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Examples from New Zealand earthquakes throughout
Types of vertical deformation

Impact on global and local reference frames
Measuring vertical deformation

Modelling vertical deformation

Using a vertical deformation model
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1. Types of Vertical Deformation
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Continuous Vertical Deformation

A Until recently, vertical signal often difficult
to detect (GNSS noisier in vertical)

A Secular vertical deformation

A Nonsecular vertical deformation
Postseismic decay
Natural subsidence

Humannduced subsidence
(resource extraction)

Slow landslides
Slow earthquakes

o Do Do Do Do

Sponsors: @ @.Trimble

Geosystems

i

Page 4



5\“\ematlo,, 5

FIG/IAG/UN-GGIM-AP/ICG/SLA Technical Seminar SLA C“_,\ S ’%3
s
Vertical References Frame in Practice LS <"_j ,m>
LAND AUTHORITY ) T o

UN-GGIM-AP ", oo

Singapore, 27-28 July 2015

Episodic Vertical Deformation
A Earthquakes the major
natural cause
A Landslides
A Subsidence
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Secretary Island (Fiordland) 22Aug2003 7.2 0.72
New
Zealand Macquarie Island 24Dec2004 8.1 0.005
Exam p|eS George Sound (Fiordland)  160ct2007 6.7 0.27
Dusky Sound 15Jul2009 7.8 0.39
Darfield 4Sep2010 7.1 1.75
Christchurch 22Feb2011 6.3 0.48
Christchurch 13Jun2011 6.3 0.13
Christchurch 23Dec2011 6.0 0.36
Cook Strait 21 Jul 2013 6.0 0.024
LakeGrassmere 16 Aug 2013 6.6 0.26
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2. Impact on Global and Local Vertical Reference Frames
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Global vs Local Frame

SINGAPORE -

LAND AUTHORITY o
- " 2 Q

UN-GGIM-AP ",

Driven by global science requirement Driven by national spatial community
requirements

Timevarying coordinates for grivad Timeinvariantoordinates for grodimdd
marks marks

Plate motion anddeformation models tBlate motion anddeformation models
propagateoordinates between epochsgenerate referermmordinates

Nativesystem for modern positioning Modern positioning techniques (GNS
techniques (GNSS) require transformation to local frame
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TwoeFrame
Referencing Reference Framgd
System Transformation

Plate Motion Mod

Secula_r Deformation Modé Nonsecu_lar
deformation deformation
Local frame
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Deformation Model for ITRF Coordinate Propagation

2008 2010

0
2000

A Little overall impact on global frame
I Requires offset at ITRF station

A 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

A Relative accuracy of local frame is compromised

A 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

Frame
A Heights need to reflect fluid flow

A Maintain relative accuracy, especially over short distances

A Often want coordinates to reflect
definition o-flependerd. Madel®can hede vempcall 1 c at i
deformation, which can be dangerous. Care is required!

A Generally dondét want coordinates ¢

deformation over large areas
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3. Measuring Vertical Deformation
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CORS

A Updated heights computed very
soon after an event

A Other data uses these updated
heights as control
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