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_Motivation: Landslides
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Can we make warning‘?\ab\ ut landslide failure? Can we do éome?rr;ng



Eyjafjorour mudflow, 17. Nov. 2022
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Different types of landslides

Different speeds of landslides

Catastrophic failure

Creep

Transition of modes

Motion often precipitation-triggered
Sometimes catastrophic failure is
preceded by creep acceleration
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Hermanns, 2018



Landslide deformation monitoring techniques

Lienhart, 2017

GNSS (GPS)

InSAR (satellite radar); other radars
Laser ranging (ALS, TLS, RTS, ...)
Optical (photos!)

Feature tracking (optical/radar)
Digital elevation model differencing
Tiltmeters

Extensometers

Strain gauges

Fiber optics

Accellerometers & velocimeters



Landslides in Iceland are numerous
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Landslides in Iceland are veeeeery numerous if we count slow-moving masses!

Valley
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INSAR “residual” 2015-2021 --> Almost all slopes are creeping! Cao et al., 2023
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Almenningar landslide area in north Iceland: fast and transient creeping motion
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Almenningar landslide area: 3 sub-areas with different creep
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Clear signs of recent movements




ermost part of the Tjarnardalir landslide area and its
carp. Several lakes occurs in the area which the
is named after.




90 cm/year

Transverse faulting
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The lower part of the Tjarnardalir landslide area.
Large displacements can be seen in this area.
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2004-2023 approximately 18 m movement




Feature tracking

Optical images from 1954 to 2022 show

Strong spatial segmentation
- Many sub-segments

Temporal variations in creep speeds

1994-2000
Tjarnardalir segme
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Annual GPS measurements in Almenningar

66.16°
* Annual GPS measurements had shown:

* Very segmented motion
* Most movement in north part 66.15°

* Up to 2 m/yrinterannual rates

66.14°

Benchmark 24 interannual velocities
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9 GNSS stations installed in 2022
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GNSS instrumentation
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~~ GNSS antenna

Battery and instrument boxes
3.inch steel pipe

9 continuous GNSS stations

One acts as a reference
station

"medium-budget”
installations

Septentrio Mosaic Devkit
Ardusimple antenna

Dual frequency “geodetic
grade”

Solar (and wind) power

Data streaming and realtime
processing (RTKLIB)

Post-processing of 24hr files



GNSS movements usually horizontal
66.16°

ALM5 (66.15, —19.06) time series (ITRF 2014)
ve = -615.69 +- 89.63; vn = 155.63 +— 19.88; vu = -91.48 +- 14.52 mm/yr
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Horizontal movement 2022-2024 ,,,

About 7 deformation transients
over 1.5 years

Max movement rate about 3,5
cm/day (Tjarnardalir in November
2022)

Some stations come to a halt over
the coldest months, but others
show some movements over the
whole year (e.g. the Hraun
landslide)

Movements so far mainly
connected to rainfall events

Radial motion [cm]

Almenningar time series in radial component
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Comparison with precipitation « Motion tends to start after intense

rainfall
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Rain-triggered acceleration

West movement (cm) '
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Cumulative precipitation (mm)

Oct-Nov 2022, station ALM5

The landslide mass was already
moving when heavy precipitation,
70 mm over 3 days occurred

Sudden increase creep speed as the
precipitation increased



Precipitation forecasting: key for warnings

DMI/IGA: Uppstfnud drkoma (mm)
IT: Mid. 09. 11. 2022 06Z
VT: F8s. 11.11.2022 23Z (+65 h)

Problem: precipitation depends partly
on local effects; challenging.
Weather model resolution
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Transient and seasonal movements: observations and models
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Headscamp * Numerous landslides show
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Closing gates and towards smart mitigation

Challenges:
GNSS results are noisy!
Precipitation forecasts are uncertain
Landslide response is to some degree random

b et d S

Faersla N (mm)

Faersla upp (mm)

100 4
-~ . "“ X { <% » s
oh . g - . o
04 - PRI v & Mg et %
“ . d - ‘t’ .
- R A . s . . 2024-01-22
s * Lag dvissa
. o 2024-01-22
o Ha bvissa
sd
-100-
s‘
* .
v
-200+
22:00 00:00 02:00 04:00 06:00 08:00
ALM1 med ALM3 sem vidmid
1
.
100 -
. L »
. =
L ] o
) - g o - g -
r @ | R P -
hE RS o wes | o~ teo . * 2024-01-22
0 p 7 b ’s s K i * Lag dvissa
> . L P - o 2024-01-22
g . J o % » Ha dvissa
° ot N . 1 o sd
e B -
-100 : :
.
-200 4
22:00 00:00 02:00 04:00 06:00 08:00

ALM1 med ALM3 sem vidmid



0 - e T ,'150

: ALM5 W rtklib
Conclusions e
25 -
— 20 |
§ 1{ 100
* Many creeping landslide masses in Iceland £ 15|
. . E
* Creep rates up to ~1 m/yr in Almenningar 2 ol
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* Major movement episodes in connection with #
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movement relationship
* Data streams being worked into warning systems
* GNSS is a useful tool for landslide monitoring

Cumulative precipitation (mm)



