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Outline

 Tide gauge records
 Tide gauge site stability
* Vertical velocity rates
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TG Trend (mm)

RSL Trends — 2009 Analysis
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RSL Rates

Analysis 1990 200: < 1944, based on annual
(mm/yr) (mm/y Means rather than hourly

. data
TG Site

Auckland 1.3
Taranaki
Wellington 1.7 1.8 2.0
Lyttelton 2.3 2.1 1.9
Dunedin 1.4 \

Higher rate assumed to be
Mean

Y due to lack of data < 1924
In 2004, wharf pile assumed

to subsiding at -0.3mm/yr New negative correction of

0.012m since 1956

1 sigma: £0.1 - 0.3 mm/yr




Factors Affecting Trends

GPS Environment
— Harbour location

— Reclaimed land Auckland, Wellington, Lyttelton, Dunedin
— PrOXimity to CBD Auckland, Wellington
— Proximity to hills Lyttelton, Dunedin

Vertical deformation
— Sedimentation

— Compaction >
— Water, gas, oil extraction
— Tectonic effects at plate boundaries >

— Glacial Isostatic Adjustment (GIA) -



TG / cGPS Site Stability Monitoring

* Local stability:

— TG pole/recorder connected to local benchmark network

 Regional stability:
— dual cGPS@TG sites

TG to Connection cGPS to cGPS@TG
cGPS@TG (km)
(km)
Auckland Collocated Precise levelling 27.3
Wellington 0.55 Precise levelling + 4.2
GPS
Lyttelton Collocated Precise levelling 12.0

Dunedin 0.4 Precise levelling 11.0



Benchmark Trend (mm)

Dunedin TG Benchmarks
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Wellington tide gauge: Height connection
between tide gauge BM and continuous GPS

~50m ~500m
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GPS levelling: WGTA to WGTT CGPS

Location of WGTT cGPS (at Te Papa) ‘

Temporary GPS (WGTA¥
used to tie between tide=s

gauge BM and WGTT




Height difference, metres

Precise and GPS levelling results:
Wellington tide gauge
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| Height Difference between Tide Gauge BM and WGTT Continuous GPS
Combination of 50 m precise levelling and 500 m "GPS levelling"

RMS = 2.6 mm (1.2 mm from -0.93 mm/yr straight line fit)

1/Jan/02 1/Jan/04 1/Jan/06 1/Jan/08
dat



Vertical Position (mm)

Dual cGPS baselines
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cGSP Data Processing

(o]V) NCL

Relative Solution Global Solution
Frame * IGS2005 (JPL Reproc 1) ITRF2005 (NCL Reproc 1)
Observables Double Differenced Phase PPP
Sessions 24hr, epoch Interval 300s 24hrs, epoch Interval 300s
Elevation Cut-off * 7° 10°
Antenna PCV * Absolute, 105.ATX Absolute, 105.ATX
et L& GOT00.2 FES2004
Model
lonospheric lonosphere Free LC lonosphere Free LC
Refraction 15t Order effect 15t + 2nd Order
Tropospheric * Hourly ZD, daily gradient Hourly ZD, daily gradient
Refraction GMF VMF1
Ambiguities QIF Strategy, fixed Unfixed

Daily Solutions Minimally constrained NNT 7 Parameter Helmert




Vertical Position (mm)

cGPS @ TG baselines

100 1 1 1 1 1 1 1 1 1 ‘

80— - o A B st ey

F( R e Tt s e e e -

L\M ’Mi

(i | W i \.Jm. Al i ‘wJM I u! i i 1Ay
S L L W’ I WW I W ‘N ‘IH’IHL‘W i lII’NNI} i nw |n| at

i M ‘ i

407 ””””””””””””””””””””””””” ' -

0 |‘ WWFWM - .ml ‘ |||u|||||||| il w nu "W I!II UL M ‘

7 e et T S B B 1] e et e

10;, I Ll i M“Mm \‘ | ’ Mlll il Ll i ‘\h IHIIII“\".M’II | L nll{mhﬁ‘ L it || | l‘mlh‘lm LI
7 i “ M \||”\ r| ‘\H T U”‘ iy ||”1 i ’\u mwu yllwuuw\ i

O 1 L
-10 \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

" M I‘ W I‘ VW}H i IILLIIH M Ll ""‘l““t 'Il‘“lm W\ il WJ




Vertical Velocity Estimates
Stochastic Model

General linear model Y = AX+¢

— diagonal covariance matrix of -2
observations

White Noise Process: -
— assumes uncorrelated observations

e.g. — time series

m n
Vi = Yo +(t—tyV+ D H,0,+> a coswt+b sinwt+e,
=1

[

velocity  Offset terms Periodic terms




Time Series Estimation

e Technigues
« Maximum Likelihood Estimation

 VC Estimation e.g. MINQUE
« Allan Variance
» Auto Regression

e Three solutions

. Approx. Time
 LSE : white noise < 1s

 VCE : white noise + flicker noise 1-10m

« MLE : white noise + power law CATS 2-4hrs

Cheetah 1-10m



Vertical Rate (mm/yr)

Vertical Rates
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Vertical Rate (mm/yr)

Vertical rates and precisions (95% Cl)
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Preliminary Rates

ou NCL

RSL Rate GPS rate SL Rate GPS rate SL Rate

(mm/yr) (mm/yr) | (mm/yr) (mm/yr) | (mm/yr)
TG Site
Auckland +1.5 -0.1 +1.4 -0.4 +1.1
Wellington +2.0 -1.4 +0.6 -1.5 +0.5
Lyttelton +1.9 -0.2 +1.7 -1.1 +0.8
Dunedin +1.3 -0.2 +1.1 0.0 +1.3

Mean +1.2 +0.9
Stdev +0.4 +0.3



Summary

o Site stability is critical — TG and cGPS@TG sites
— Most located on/close to reclaimed land
— Monitoring is essential
— Monltored using a variety of methods

Precise levelling to close BMs
* GPS “levelling” to regional cGPS and TG BM
* Dual cGPS baselines

« cGPS velocity estimates

— Consistency

 <0.3 mm/yr within the relative (OU) and global (NCL) velocities
— Estimated precision —~%£0.3-0.5 mm/yr (1 sigma)
— Mixture of agreement

« 0.3 — 1 mm/yr between relative (OU) and global (NCL) velocities



