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Slide: Simon Cox/GNS

What do these processes have in common?

Photo: Nicolas Cullen

11 Nov 2017, Brewster Glacier 
winter accumulation

Photo: Christoph Kraus

Franz Josef Glacier/Kā Roimata o Hine Hukatere in 2007 and 2021

Photo: Dr Katherine Pedley

14 Nov, 2016 Mw 7.8 Kaikōura earthquake

Photo: Thorvaldur Thordarson, GNS

Ruapehu eruption and lahar, 1995

Photo: stuff.co.nz

Photo: Wayne Costello/Doc

26 Mar 2019, Waiho River flood

Christchurch urban (re)development (2010-2018) cccbeforeafter.digitalnewzealand.info





The photogrammetric process

Match!

Surface model Ray intersection error



Repeated photogrammetry and DEM of Difference



Covid-19 produces surface elevation changes! Huh???

LiDAR April 2016

Tri-stereo Pleiades 31 March 2020



Covid-19 produces surface elevation changes! Huh???

Photo: Otago Daily Times



Elevation information and topographic mapping
▪ A foundation of modern societies supporting:

• Economic development and growth
o Inform land suitability for use and development

o Enables the design of infrastructures for communication, commercial 
exchanges

o Provide a base for intelligence, strategic, tactical decisions

• Sustainability and social resilience
o Characterization of changes and mass movements

o Assessment of geo-hazards and risks

• Natural character and culture
o Land (Whenua) underpins the corpus of Māori mythology with a 

central place in people’s genealogy (Whakapapa).

o NZ topographic character is an attractive asset for tourism

▪ Increasing need for high quality information:
• Navigation, recreation planning
• Environmental modelling

o Climatology, meteorology, hydrology, land & soils

o Impact of sea-level rise, tsunamis

• Spatially-aided decision making process
• Computer Graphics Imagery (CGI)

LiDAR 2009, DCC

http://www.beforetheflood.com credit: Pascal Sirgueycredit: wiki
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Mapping legacy in the Southern Alps



Stereo imagery and airborne photogrammetry

NZAM Rockwell Commander and ZEISS 15/23 camera
Wild BC1 Analytical stereoplotter (Stephens et al., 1991) 



dDSM1986re-NZTopo uncertainty



1986 (NZTopo vs New)



dDSM1986re-NZTopo ▪ 1986 outlines: +6.1 ±1.0 m, +15.7 ±2.5 hm3



Mapping legacy in the Southern Alps
▪ Current knowledge of the Southern Alps 

topography boils down to…
… Analytical photogrammetric processing of late 
1980s B&W aerial imagery
• More recent imagery exist but not processed for 

topography

▪ LINZ committed to National DEM
• Aerial Laser Scanner (ALS/LiDAR) co-Funded by 

Provincial Growth Fund
• Uncertain repeat

➢Rapid response 3D mapping capacity will:
• Characterize regular + disruptive changes
that constantly reshape the Alps
• Assess environmental resources
• Assess geohazards
• Help understand processes
• Refine modelling frameworks

➢Contribute to improve resilience 
LINZ orthophoto mosaic (last visited Aug 2021)

Historic aerial 
photo surveys

LINZ National LiDAR coordination 
(available + planned)



The Matariki Project:
Quantifying environmental resources
through high resolution, automated,
satellite mapping of landscape change

www.otago.ac.nz/surveying/potree/matariki/

2019 Endeavour Fund Smart Ideas

Garden of Eden Ice Plateau, New Zealand
© Pascal Sirguey, 2018

http://www.otago.ac.nz/surveying/potree/matariki/


Space borne photogrammetry
Pleiades 1A/B



Effective 3D-CD needs dense and accurately co-registered DSMs 

▪ Hillary Ridge landslide 14 July 2014 (Cox et al., 2015) 

+20m

-20m



Photo Simon Cox / GNS 
Science
University of Otago

PGO/PLEIADES © CNES, 2017, distribution Airbus DS, all rights reserved. Commercial uses forbidden

Hillary Ridge landslide 14 July 2014



The Matariki Project



The Matariki Project, Areas of Interest
New Zealand Davos (snow) Kilimanjaro (glaciers)



Rainstorm fiordland February 2020 (rapid response) 
https://www.otago.ac.nz/surveying/potree/pub/mrc/projects/matariki/members

© University of Otago/NZAM (2007)/PGO/© CNES (2017, 2020), distribution Airbus DS

https://www.otago.ac.nz/surveying/potree/pub/mrc/projects/matariki/members


Avalanche modelling (Aubrey Miller, PhD topic)

Credit: Milford Road Alliance

© University of Otago/NZAM (2007)/PGO/© CNES (2017, 2020), 
distribution Airbus DS



Te Koroka/Slip Stream tōpuni in Dart Valley 
https://www.otago.ac.nz/surveying/potree/pub/mrc/projects/matariki/members/_medias/17-
002_aspiring_20070217_20170217_20200210.html

© University of Otago/NZAM (2007)/PGO/© CNES (2017, 2020), distribution Airbus DS

https://www.otago.ac.nz/surveying/potree/pub/mrc/projects/matariki/members/_medias/17-002_aspiring_20070217_20170217_20200210.html


New Zealand reshaping topography
▪ Dart River, January 2013

http://www.travelinggeologist.com/2015/02/life-in-the-slip-stream-new-zealand-with-simon-cook/Cox et al. (2014)



Te Koroka/ Slip Stream tōpuni in Dart Valley 
https://www.otago.ac.nz/surveying/potree/pub/mrc/projects/matariki/members/_medias/17-
002_aspiring_20070217_20170217_20200210.html

Cox, S.C.; Sirguey, P. 2020 Landscape change in the Te Koroka tōpuni, Dart Valley, Otago, with implications for 
kaitiakitanga of taonga. GNS Science consultancy report 2020/89LR, for Te Rūnanga o Ngāi Tahu (Confidential). 11 

p.

https://www.otago.ac.nz/surveying/potree/pub/mrc/projects/matariki/members/_medias/17-002_aspiring_20070217_20170217_20200210.html
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Aerial Surveys QLDC 2018-2019 



Te Koroka/ Slip Stream tōpuni
2018 (ASltd)-2020 (PGO)



Te Koroka/ Slip Stream tōpuni 2018 (ASltd)-2020 (PGO)



Te Koroka/ Slip Stream tōpuni 2018 (ASltd)-2020 (PGO)

▪ Carle, E. 2021, Tracking Features on a DTM using Optical Flow Technique. SURV509 project report, 19pp.

Cox, S.C.; Sirguey, P. 2020 Landscape change in the Te Koroka tōpuni, Dart Valley, Otago, with implications for 
kaitiakitanga of taonga. GNS Science consultancy report 2020/89LR, for Te Rūnanga o Ngāi Tahu (Confidential). 11 

p.
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Fox Glacier/Te Moeka o Tūawe Valley



28/03/2019

Fox Glacier/Te Moeka o Tūawe Valley

Credit: DOC, CC BY 4.0

Westland District Council/Stuff

Westland District Council/Stuff

▪ 26 March 2019: 1 in 100-year flood (600mm rain) gouged out legacy Landfill



02-03/2017

Data credit: West Coast 0.3m Rural Aerial Photos (2016-2017) / LINZ Data ServiceData credit: Matariki Project, University of Otago/PLEIADES © CNES (2020,2021), distribution Airbus DS

01/04/202018/03/2021

Data credit: Matariki Project, University of Otago/PLEIADES © CNES (2020,2021), distribution Airbus DS

Fox Glacier/Te Moeka o Tūawe Valley

"We used a 90 tonne digger to build the rock wall - some of 
the rocks are 100 tonnes each, so that's stopped more 
rubbish coming away.” Rosco Moore, RNZ, 16  January 2021

“We will remove the 14,000 cubic metres of rubbish" Rosco 
Moore, RNZ, 16  January 2021



Data credit: Matariki Project, University of Otago/PLEIADES © CNES (2020,2021), distribution Airbus DS

01/04/202018/03/2021

Data credit: Matariki Project, University of Otago/PLEIADES © CNES (2020,2021), distribution Airbus DS

Fox Glacier/Te Moeka o Tūawe Valley

“We will remove the 14,000 cubic metres of rubbish" Rosco 
Moore, RNZ, 16  January 2021



Data credit: Matariki Project, University of Otago/PLEIADES © CNES (2020,2021), distribution Airbus DS

Fox Glacier/Te Moeka o Tūawe Valley

15,506 m3

“We will remove the 14,000 cubic metres of rubbish" Rosco 
Moore, RNZ, 16  January 2021



Virtual GCP with computer vision
▪ Zareei et al. (2021) Virtual ground control for survey-

grade terrain modelling from satellite imagery, submitted 
to ICCV2021.

1/04/2020

18/03/2021



Waiho River 2021 rapid mapping for LRSC/DoC/WCRC 



2012-2014 Franz Josef



18/03/201928/03/2019

Fox Glacier/Te Moeka o Tūawe Valley



Alpine Garden (Fox Glacier Valley)

Carle, E. 2021, Resolving landscape 
dynamics in the Fo Glacier/ Te Moeka o 
Tūawe catchment with remote sensing and 
3D change detection. Poster @ Geography 
Postgraduate Symposium



Central Southern Alps

▪ Satellite Image block from
• 2012, 2014 (WC)

• 2017 (Mt Cook, GoEA)

• 2018 (Sierra Naumann, Two Thumb)

• 2020, 2021 (WC)

▪ Aerial image block from
• 2 Nov 2008 (NZAM, RC30)

▪ Aerial data 1984-1988
• (NAZM for NZMS260, Zeiss RMK)



Aoraki/Mt Cook, 14 December 1991 Sirguey et al. (2014)

(credit: Ian Owens)

GNS Science, CN21418/12, Photograph by 
Lloyd Homer



Aoraki/Mt Cook 1992-1986

GNS Science, CN21418/12, Photograph by 
Lloyd Homer



2008-2017
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Murchison Hut 2017



Murchison Hut 2017-2008
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Murchison Hut 2017



Murchison Hut 2018



Murchison Hut 2018-2017
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Murchison Hut 2017



Murchison Hut 2018



2017-2018 Heatwave: the “blood spatter”
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Hooker Valley spreading



Hooker Valley spreading



Hooker Valley 2008



Hooker Valley 2017



Murchison Valley spreading



Murchison Valley spreading



Murchison Valley 2008



Murchison Valley 2017



2008-2018 Mueller hut

Codi et al. (2020), Landslides, https://doi.org/10.1007/s10346-019-01316-2

https://doi.org/10.1007/s10346-019-01316-2


LANDSLIDES (n=574) BY TYPE

1. slopewash/debris flow  n=161

(water-course driven, or saturated colluvium collapse)

2. toppling/rockfall or blockfall n=117

(smaller, may be multiple rockfalls)

3. spontaneous collapse (wedge, chockstone) n=109

retrogressive, larger, single deposit – rock avalanche

4. headward/gulley erosion  n=94

(debris flows & rockfall) 

5. creeping landslide (bedrock)/rockfall n=38

6. collapse moraine wall, moraine n=55

393 km2 AOI

10.5% active landslide
4.6% ‘hazardous’ (Type 1-4) landslides 
in < 1 decade  (3010 days)
Daily Pr area affected by hazard ~ 10-5

Landslide Inventory:  by type

▪ By Simon Cox



LANDSLIDES (n=574) BY TYPE

1. trunk glacier downwasting (n=150)

2. Snowfield/ice thinning or melting (n=221) 

(removal of snow as a support or snowmelt 

destabilizing the rock mass)

3. involving water/river movement 

– slopewash, debris flows (n=78)

4. unknown/unclear/spontaneous (n=45) 

(?permafrost degradation, freeze/thaw)

5. previous landslide/ongoing landslide 

interaction/reactivation (n=80)

NZ’s largest 
active 
landslide?

2.1 billion m3 

SE Murchison

Landslide Inventory: mechanistic factors

▪ By Simon Cox



1986-2018 Godley Glacier



Pléiades Tri-stereo restitution, 7 April 2018

Eberhard et al., (2021)



Performance comparison

RMSE = 0.48 m
NMAD = 0.38 m



Davos 7 April 2018 (with WSL-SLF)



Central Southern Alps

5 April 2012, tristereo

7 April 2012, stereo

23 Dec 2012, stereo



Main Divide April-December 2012 



Constellations

Worldview-Legion

Bhushan et al. (2021) doi:10.1016/j.isprsjprs.2020.12.012

SkySat



Thank you! Questions?



Kilimanjaro 2012-2019 (±10m) 2019/02 – 2019/08 (±2m)



Whakaari / White Island 2008-2011 (lidar)



dDSM(1986-0.43)-NZTopo ▪ 1986 outlines: +6.1 ±1.0 m, +15.7 ±2.5 hm3



NZAM, 01/02/1986

1986



NZAM, 13/03/2006

2006



AS/ORC, 31/01/2018

2018



What does it measure up to?



Brewster Geodetic Mass Balance 2006-1986

+1.5
Gain

Loss
-1.5

Dif
fer

en
ce

 (m
)

-40
40

0Rate
m yr-1



Brewster Geodetic Mass Balance 2018-2006
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Photogrammetry strikes back



Photogrammetry strikes back



Photogrammetry strikes back



Photogrammetry strikes back



Photogrammetry strikes back



Photogrammetry strikes back
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Photogrammetry strikes back
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Photogrammetry strikes back



Photogrammetry strikes back

01/02/1986



Photogrammetry strikes back

13/03/2006



Photogrammetry strikes back

Source: Esri, DigitalGlobe, Earthstar Geographics, CNES/Airbus 
DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community24/12/2015 GE1



Photogrammetry strikes back
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Photogrammetry strikes back



Photogrammetry strikes back



Photogrammetry strikes back
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Photogrammetry strikes back

5, Tree Height Growth and Stand Top Height

Hocking and Kenderine (1945) found at Rangataua Forest that

between the 30th and 40th years, stand trees had an average

annual height increase of 24.4 cm per year. The rate of height

increase declined steadily as age increased, and between the

110th and 120th years was 6.1 cn per year. This further

declined to 3.0 cm per year between the 170th and 180th years.

Manson (1974)



Queenstown Photogrammetry 2018 vs Lidar 2016



Queenstown Photogrammetry 2018 vs Lidar 2016



Queenstown Photogrammetry 2018 vs Lidar 2016



Queenstown Photogrammetry 2018 vs Lidar 2016



Queenstown Photogrammetry 2018 vs Lidar 2016



Queenstown Photogrammetry 2018 vs Lidar 2016



Queenstown Photogrammetry 2018 vs Lidar 2016





Aerial data 1984-1988 (NAZM for NZMS260)



Mapping snow depth across the main divide

https://www.meridianenergy.co.nz/who-we-
are/our-power-stations/snow-storage

5 April 2012, tristereo

7 April 2012, stereo 25 Oct 2012, stereo

23 Dec 2012, stereo

https://www.meridianenergy.co.nz/who-we-are/our-power-stations/snow-storage


Next 
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