the power of & " Land Information
.r' New Zealand

W h e re \g’ = Toitd te whenua

/4 2, Q

drives NZ’s success

_» N

The Evolution of Geodetic Crustal
Deformation Monitoring in New Zealand
for Datum Definition

Graeme Blick | Chief Geodesist



! Land Inf i
What we’ll cover -"W and Information

New Zealand

Toitd te whenua

Tectonic setting of New Zealand

Early surveys in New Zealand

Early deformation surveys

The age of GPS and increased precision
Refining the datum

The future




c
=
-
n
E
=
—
=
=
c
o
—

New Zealand

Toitd te whenua

Tectonic setting of New Zealand

*
adecy |
. 2 u

orm

.}{

o
"4
P e
i e, N
SN TSRS
N

p—
S——

|
“Il ‘L!r‘j

i

i
-
ions/2003_P

T

i,

£
publicati




Significant historic earthquakes
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West Wairarapa 1855

Murchison 1929 Inangahua 1968 Christchurch 2011
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Mt Tarawera 1886

Mt Ngauruhoe
Mt Ruapehu



http://www.panoramio.com/photo/5062145
http://www.panoramio.com/photo/5062145
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjfrIDOjLTKAhWodKYKHZyvCV4QjRwIBw&url=http://www.geology.sdsu.edu/how_volcanoes_work/Thumblinks/tarawera_page.html&psig=AFQjCNFbAf7qi9A72DSkaqcjBuHWY1G1_g&ust=1453231778055257
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjfrIDOjLTKAhWodKYKHZyvCV4QjRwIBw&url=http://www.geology.sdsu.edu/how_volcanoes_work/Thumblinks/tarawera_page.html&psig=AFQjCNFbAf7qi9A72DSkaqcjBuHWY1G1_g&ust=1453231778055257
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiTwu25jLTKAhUGmJQKHdsZDMwQjRwIBw&url=http://nzmaoritourism.com/listing/kaitiaki-adventures-mt-tarawera/&psig=AFQjCNFbAf7qi9A72DSkaqcjBuHWY1G1_g&ust=1453231778055257
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiTwu25jLTKAhUGmJQKHdsZDMwQjRwIBw&url=http://nzmaoritourism.com/listing/kaitiaki-adventures-mt-tarawera/&psig=AFQjCNFbAf7qi9A72DSkaqcjBuHWY1G1_g&ust=1453231778055257
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisofGdjLTKAhUCNJQKHUP1DQQQjRwIBw&url=http://www.newzealandshores.com/22-things-new-zealand-white-island.html&psig=AFQjCNHlV-ud187aOfHlr_8KEwiKXvE5AA&ust=1453231699563451
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisofGdjLTKAhUCNJQKHUP1DQQQjRwIBw&url=http://www.newzealandshores.com/22-things-new-zealand-white-island.html&psig=AFQjCNHlV-ud187aOfHlr_8KEwiKXvE5AA&ust=1453231699563451
https://www.google.co.nz/imgres?imgurl=http://www.bna.bh/portal/sites/default/files/nwesland_0.jpg&imgrefurl=http://www.bna.bh/portal/en/news/534205?date=2013-02-28&docid=6lFh-Z8XV0pC9M&tbnid=Nol2pFTDB-USCM:&w=360&h=226&ved=0ahUKEwjwmPv4i7TKAhXBGJQKHTWJCFEQxiAIAg&iact=c&ictx=1
https://www.google.co.nz/imgres?imgurl=http://www.bna.bh/portal/sites/default/files/nwesland_0.jpg&imgrefurl=http://www.bna.bh/portal/en/news/534205?date=2013-02-28&docid=6lFh-Z8XV0pC9M&tbnid=Nol2pFTDB-USCM:&w=360&h=226&ved=0ahUKEwjwmPv4i7TKAhXBGJQKHTWJCFEQxiAIAg&iact=c&ictx=1
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjp8prai7TKAhXKF5QKHWNHBEsQjRwIBw&url=http://volcano.si.edu/volcano.cfm?vn=241080&psig=AFQjCNHqs7VPVXjijk0jIBFqQI1MTpsrCQ&ust=1453231549196280
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjp8prai7TKAhXKF5QKHWNHBEsQjRwIBw&url=http://volcano.si.edu/volcano.cfm?vn=241080&psig=AFQjCNHqs7VPVXjijk0jIBFqQI1MTpsrCQ&ust=1453231549196280

New Zealand

Toitd te whenua

Early triangulation surveys ﬂland Information

Commenced in the 1880s
1st order control completed1940s for NZGD49
Provided a foundation for measuring crustal deformation
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Recognition of plate tectonics ﬂland Information
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Post 1973 deformation surveys ﬂland Information

Ad-hoc deformation surveys carried out by Lands and Survey,
Otago University, Victoria University, Ministry of Works and
NZ Geological Survey but programme uncoordinated

s :e:;j::g;m!gm Post-seismic deformation
measured following the 1968
Inangahua earthquake

# Fault monitoring pattems
© Strain monitoring patterns

[ 200km
—

Fig. 1: Distribution of fa l(PMI) nd strain (SMP) monitori h
and dSo th Island. Active faults am[mmO[fcusof(h (; o]o;u lS rv y 1981)
those discussed in ﬁap«:r are labelled on Fig. 2.
A typical FMP is ]m




Royal Society Report on Earth @ Land Information
New Zealand

Deformation Studies 1973

T 1A DEPARTMENT OF LANDS AND SURVEY
OUR FILE:  17/137/2 YOUR FILE:
| From HEAD OFFICE Date: 2 April 1974
} To All Chief Surv;yqrs.

Ref.: Ours/Yours of

THE ROYAL SOCIETY OF NEW ZEALAND
EARTH DEFORMATION SURVEYS

NATIONAL COMMITTEE FOR GEOLOGICAL SCIENCES

You will be aware of the suggestion of the N.Z. Institute of
Surveyors to practising surveyors to forward any evidence of Earth
Deformation obtained in the course of their work, to the Chief
Surveyors. This arose out of the Royal Society of New Zealand's
| report on Earth Deformation Surveys, a copy of which is enclosed for
your information

ou should imstruct your own survey staff to report on any cars
eformation proved by recent resurveys, particularly in control work.
Where survey control is required in an area known to be geologically
active, it would also be advisable,while still working within the
general requirements of the control survey, to include additiomal rays,
¢ extra messurements to provide a basis for future resurvey or

REPORT ON

EARTH DEFORMATION STUDIES

| You should forwa Y e . Teceived to this office
[ where it will be collated.
| |
I.F. Stirling,
Surveyor-General

FEBRUARY 1973




EDS Regional Triangulation Belts
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EDS Regional Levelling Routes
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EDS Local Survey Monitoring y
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AWATERE & FOWLERS FAULTS CLARENCE FAULT

Guide (78,82)

Fowlers
"

St James
(73,74,76,82)

ALPINE FAULT

Z—-

Matakitaki :
(77,80) b
j Branch (71,79)

o 2 4 prad/yr
——,— 1

Whataroa
(72,73,77,80) S

Englneering sheer strain rate

Engineering shear strain rate, azimuth
of principal axis of relative compression
with 1SE anvelope

?\‘\Q by the method of Bibby

Haast F.M.P. name
(73,72,77,80) Years of surveys (19--)

Fig. 2: Shear strain determined from repeated surveys of fault monitoring patterns in the
South Island on the Alpine, Awatere, Clarence and Fowlers Faults. Symbols show, for
each FMP analysed, the orientation of the principal axis of compression and the shear
strain rate with 1SE envelopes. Results are derived by the method of either Bibby
(1973, 1982)-solid symbols, or Frank (1966)-dashed symbols.
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10 year review of EDS 1973 - 83 ﬂland Information

The Report made 10 recommendations
Of note:

Recommendation 3 - Particular emphasis in geodetic work
should be on the local extension of the repetition of the 1st
order triangulation outside the narrow belts, to follow up
patterns of detected strain, and to re-observe the narrow
belts, which provide a datum for further studies. Observations
of local geodetic patterns should be continued, with particular
attention to temporal variations of deformation.

Recommendation 5 - A collaborative programme, based on
comprehensive data bases, should be established for the
interpretation of geodetically- determined deformation in
relation to geological structure, seismicity and geodynamic
phenomena.

Recommendation 8 - The developments in satellite-based
techniques for geodetic work should be closely monitored and
investigated for further application.
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The 1980s and 90s GPS revolution dland Information
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By analysing repeated historical survey “»
measurements, a map of how New Zealand deformed &7
was completed — based on limited repeats A

Survey results from local Fault Monitoring Patterns
indicated time variability of deformation

Limitations with NZGD49 were recognised — regional
distortions of up to 5m

The development of GPS in the late 1980s allowed
repeated surveys to be made more accurately and

efficiently
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Implementation of NZGD2000 ﬂland Information

Semi-dynamic datum

Incorporation of a deformation model
derived from repeated GPS surveys made
between 1990 and 1998
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Since 2000 - the evolution of CORs
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PositioNZ Network

35 on the mainland of NZ
1 on the Chatham Islands
3 in Antarctica
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PositioNZ - IGS Station
PositioNZ

SAGENZ

GeoNet
Decommissioned
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PositioNZ
A GeoNet
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Christchurch - Canterbury earthquakeﬂland Information
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Fiordland postseismic recovery
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National deformation monitoring network 4w, Land Information
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National Deformation Monitoring
Network (NDMN), - campaign stations
measured every 8 years.
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Enhancing the Deformation Model ﬂland Information

New Zealand
Deformation
Model v2.1

Horizontal model only
Continuously updated and refining

Velocity Scale

AN ﬁ 0 100 200 km

Map Scale
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Deformation due to earthquake

0 10

20 km ; ) ‘ »

% » Ve V's IVerticaI movement (S00mm) -
T
PR |
=" ” » IHorizontal movement (SOOmm)I ‘
] ’ —_—
. -

degrees N

2% Land Information
New Zealand
Toitd te whenua
P Y PR P i | | IR | [RTEE SR
“ s
-44.5 . - 4 ad. A
m A A ‘q‘
Milford - * o -
A A a 4
- - Ao A -
“- @ - a
-45.0 - % “« 2 P H
- . - “LEXA< < <
a 4 4 .- i
i > 4 Alexandra
-45.5 — =
-46.0 - B
-46.5 — o ~
BLUF
o g
b observations g‘,g
-47.0 4 =

167

168
degrees E



New Zealand

Toiti te whenua

Addi ng patches ﬂ Land Information
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43°S

New technologies to monitor deformation

Vertical deformation model 75 B

44°S

L: Satellite look direction
A: Satellite heading direction (ascending)
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the power of 4

where

drives NZ’s success /
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