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Research Environment

 Rich and diverse funding
 Requires a good team to mine

 Not a competition —welcome collaboration and complementary
research

 Researchers control the process

« Listen to stakeholders and end-users

 Play along game

* Pass the research on (use others to ‘turn the handie’)
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Project outcomes for New Zealand
m Staxshoiders LOSS REDUCTION
GNS EQC Slope inventory maps of central Wellington:
b WCC the inventories deveIpred in digital geospatial
TE PO AO NZTA format are made available to stakeholders and
Wellington Wat others and are incorporated in their geospatial
salllisleaba CoLUIg S platoforms.
MCDEM 3 ¢
Vifolines Hazard and risk maps: at varying scales for:
ifo i) the project study area; and ii) infrastructure
+ Others critical slopes (within the study area), are
= being incorporated into stakeholder geospatial
platforms and the information is being used
to make their networks more resilient to
L I N t - I landslides.
. oca i a Io na . Loss assessment: the risk assessment results
An d I n th e futu re are being used by stakeholders and others to
assess the scale of losses under the different
scenarios assessed.
B Au C kl an d . Relationships and interdependencies:
= relationships have been established between
»n
m 0 H d Risk A t the stakeholders and interdependencies
E azar IS ssessmen between the different assets at risk have been
g . 4 s identified and potential landslide i ts
n = Assessment Fatalities, Economics, Serviceability 'mg:;;d_an Snaliadaiada G
8 o :‘SF:E'AGER . Policies: are being developed to incorporate
esearch aim i pid " . e
w E o wa il Alert and Risk _the results into stak?holders resilient
glona 1 4 izard infrastructure plans”.
8 Assessment

& EQC, Tonkin & Taylor
e 3 8 Claims database
{1 _'= o Inventories Landslide Initiation Landslide Mobility Infrastructure ks s acoots
o = O slope infrastructure Earthquake/Rain/Other (Displacement & runout) intensity Vulnerability -
; GCJ Database
‘'S Riskscape Stakeholder assets
(<))
Quake CORE
NIWA NSHM MBIE Targeted Research GeoNet Hazard Platform Core
Research aim: Testing methods and Research aim: Provide better knowledge Research aim: To provide monitoring data Research aim: To understand the
approaches to investigate landslide of the behaviour of anthropogenic slopes on slope processes fundamental causes and consequences
[72] processes in Wellington Future Contestable and (landslide process research) 1. Earthquakes of landslides in space and time
g 1. Geomorhology mapping MSF Funding* 1. Establish inventories 2. Slope response Core funding will be used to “add
@ 2. Laboratory testing y y 2. Establish a “Relative hazard exposure” 3. Geotechnical data value” to the work modules researching
= 3. Field testing Ralnfa_ll- and earthquake- induced matrix to identify infrastructure-critical landslide processess
B 4. Landsiide vulnerability landslide hazar»d mo.del for NZ anthropogenic slopes and select a few
b 1. Link landslide initiation, measured of these for detailed investigation
rain and ground shaking intensity for 3. For the selected infrastructure - critical

different regions (terrain) of NZ slopes, carry out:
2. Determine triggering rain and i. Site specific investigations and
earthquake thresholds for landslides 1SSE

3. Develop landslide volume runout ii. Site-spe
models for different landslide types

ading
ies) * Planned research ce



Portfolio approach to research

« SSIF
 GeoNet
 Endeavour
« Smart ideas
« EQC
e Sectors (applied research)
— Central and local government agencies

— Network operators
— Industry
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Comparison of landslides: Murchison, Inangahua and Kaikoura
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Kaikoura earthquake triggered less large landslides (>10,000 m?) than the 1929 Murchison EQ.
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Prototype Earthquake-induced Landslide (EIL) forecast tool for NZ

Earthquake-Induced Landslide Forecast Tool "Story Map”

Step 1 Step 2 Step 3 Step 4 Step 5
EQ Alert ( )
: Q sood Go to GeoNet
» Website for | | EIL forecast tool initated
Info (steps 3 and 4 are automated, once initiated) EIL forecast
. 4 advisory information Subject Matter Expert (SME)
generated: text, tables and Analysis
—t maps
Do I need to ) |
worry? Strong motion instrument data
compare EQ data downloaded from GeoNet Withi
(magnitude, / List of TLAs that B ¢ 12';0'&5 e
depth, strong might be affected 2 '
response PGA) and by landslides. Landslide models da{;{-weeas.
e 1 minute after PGA run Detailed SME
thre:h i Instrument data. data interpolated 1 minute after PGA Check maps of analysis.
sampled at 5, 10 and '"s&“t':?"if"g'a- Percent of a TLA data interpolated landslides (update
15 minute min'tll‘tes area where PGA 2-4 landslide models if required).
increments minutes. Robust respc;nse exceeds 0.2g(%). | |to be used (1 only for
Strong response. (Coming soon) x MaXJmum PGA (from prototype). : Repqrts of
(Available now). g ; interpolation) within Provider Recon reports landslides &
each TLA affectedj commentary - landslide types impacts for public /
L ~ & - damage / impacts. emergency
Drill lﬂ:IO - texts responders.
Detail v - photos
Initiate forecast /2 — W ) / \ - etc. Revise landslide - location
tool 1. Interpolate 2 p' taeziy 3. Other ground Produce maps | model maps (based - volume / size
PGA data. S S motion models showing estimated | on third party data). | |- impact/damage
1 minute ng;%‘;?l . e.g., Shake map. landslide - submit.
after data (Not available (Not available probability. Example:
. . sampled yet yet: 1 minute after PGA - grour_id motions
Th e S O I u t | 0 n: develop a Iandsl |de 36 mohths 1 year or more data interpolated - landslide models.
: Sy away). -
forecast tool that can provide A J _’_/

advisory information soon after an

earthquake to help focus

reconnaissance and response

efforts

v

Maps and advisory information checked
by watch-stander and/or landslide duty
officer before posting on web.

Map of observations:

- predicted landslides
- actual landslides

and damage impact.

Model validation
(time varying).




Landslide model variables: Example using the 2016 Kaikoura EQ

Interpolated PGA (g) Elevation

Slope

- 1.3

' (mAMSL) (degrees)
O - 9o ’ w2870 m 74
© Strong response stations 3 o9 i, -9

a) Instrument PGA (streamed data sampled 5 mins after EQ), bounding polygon — PGA 20%g, 8km grid
b) Elevation (IMAMSL), 32 m grid
c) Slope angle (deg), 32 m grid
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Landslide model variables: Using the 2016 Kaikoura EQ

—— Active faults
Distance to fault
(km)

1_,,,/; sy mm 315

/2 .‘_;’:' > —t

} e m— 0

d) Local slope relief (height), used as an amplification factor, 32 m grid
e) Proximity to active fault, 32 m grid
f) Geology types, 32 m grid

GNS Science



Advisory: Text and Maps 5-7 mins after tool triggered

Landslide Forecast as at 2018-3-15 12:28

# ) 7T TA that might be Area where PGA Percent of TA'sarea  Maximum PGA
affected by exceeds 0.2 g (km2) where PGA exceeds within TA (g)
landslides 0.2g
Hurunui District 4205.08 48.6 0.68
Kaikoura District 2046.78 100 1.27
Lower Hutt City 1.2 0.3 0.22
Marlborough District 6362.82 60.8 1.27
Wellington City 22.72 7.8 0.26
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Landslide probability
!
-,

< Strong response stations
C] Area encompassing PGA above or equal 0.2 g
D Territorial authorities
— Highways (

Mapped landslide debris trails
E Mapped landslide source areas
~ Landslide probability

High : 85%

Mapped landslide debris trails

Landslide probability model used is an updated i
version of the model presented in Massey et al., ? e

2018 iBSSAi U i :



Thanks to everyone who has contributed

This work was funded by GeoNet — New Zealand’s geological
monitoring agency, the Natural Hazards Research Platform and the
MBIE Endeavour programme

The team:

GNS Science: Chris Massey, Sally Dellow, Simon Cox, Garth Archibald, Natalie Balfour,
John Begg, Zane Bruce, Jon Carey, Geoff Clitheroe, Fernando Della Pasqua, Phil Glassey,
Matt Hill, Katie Jones, Biljana Lukovic, Barbara Lyndsell, Mark Rattenbury, Stuart Read,
Brenda Rosser, Corinne Singeisen, Dougal Townsend, Pilar Villamor, Yoshi Koneko;
Caroline Holden; Anna Kaiser; David Rhoades

Massey University: Sam McColl  Auckland Uni: Jon Tunnicliffe

Canterbury University: Jonathan Davidson, Marlene Villeneuve, Brendon Bradley
Victoria Uni: Jamie Howarth and Katie Jones

Sheffield University, UK: David Petley

USGS landslide team: Jonathan Godt, Randall Jibson, Kate Allstadt, Francis Rengers

GEER landslide team: Joseph Wartman, Ellen Rathje, Nick Sitar, Athanasopoulos-
Zekkos, Adda, John Manousakis, Michael Little.
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