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Heatwave in southern Europe
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Geohazards in the UK

. Shrink-swell subsidence/uplift

" g64m in post-heatwave home insurance
' claims from Jul-Aug 2018 [BGS]
ol “Insurers paid £219 million after the 2022 UK
.. heatwave [ABI]
23,000 subsidence claims in 2022-78% of =

* them after the su;’-‘-"-f'mer heatwave
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Presenter Notes
Presentation Notes
The costliest  geohazard we deal with in the UK is clay-soil related subsidence and uplift
heat waves becoming more frequent- for the UK this means hotter drier summers and wetter winters
effects of shrink-swell soils more of a problem. 
in 2018, the heat wave led to £64 million in subsidence-related insurance
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Presenter Notes
Presentation Notes
Here in the uK, we’re also vulnerable to other hazards, geological and meteorological, varying from increasingly frequent and extreme heatwaves, violent winter storms leading to very fast coastal erosion & infrastructure damage. We also have several mining hazards around the country, and wetter winters mean more winter landslides. 
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* Interferometric Synthetic Aperture Radar to measure ground motions

Intro to INSAR

— Satellite takes 2 radar images of the same point at different i >e. ey

points in time

— The difference between these two images produces an
interferogram, indicating how the ground has moved.

R

A - wavelength:
C-band = 5.66 [cm]
¥-band = 3.10 [em]
L-band = 24.00 [cm]
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Image credit: COMET (UKRI NERC)
https://comet.nerc.ac.uk/qolden-age-tectonic-

remote-sensing/

INTERFEROMETRY

1" Acquisition TN image credit: TRE-ALTAMIRA

2™ Acquisition

Accurately measures deformations on planetary bodies (mm-scale)
— Planetary science mission: NASA VERITAS future mission (2031, Venus) N\

— Earth science mission: NASA-ISRO NISAR (2024)
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Presenter Notes
Presentation Notes
To observe ground motions, we can use InSAR
Makes 2 passes and measured phase diff
Mm-scale measurements

https://comet.nerc.ac.uk/golden-age-tectonic-remote-sensing/
https://comet.nerc.ac.uk/golden-age-tectonic-remote-sensing/
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We typically use data from the ESA
Copernicus Sentinel-1AB satellite pair

Sentinel-1 satellites revisit each
measurement point every 6 days
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Presenter Notes
Presentation Notes
Downloaded InSAR data can look like this:
Click
Which isn’t too useful to us, especially when we have so much data!
I mostly use data from the European Space Agency’s Copernicus sentinel satellites click  which as you can see in this video, revisit each measurement every 6 days, so each point has about 60 measurements taken per year.


HTTPS://[EGMS.LAND.COPERNICUS.EU/

EGMS Interface

The UK alone has 2.5
billion data points for a 5-
year period (standard
EGMS data download
size)

- A lot of data for Europe!
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Presenter Notes
Presentation Notes
The Sentintel 1 satellite InSAR data can be viewed in the European Ground Motion Service (or EGMS) interface, which I highly recommend taking a look at, it’s open access data and if you click on specific points it will give you all the ground motions as a time series over the last 5 years.
Each data download from the EGMS spans 5 whole years, which with the satellites taking measurements every 6 days, amounts to about 363 dates where ground motion measurements were taken. 
The UK has 6 million data points alone, so for 1 data download from EGMS, we have over 2 billion data points. This study covers the whole of Europe, which is of a similar landmass to the US, so there is a lot of data. This map makes the UK look like a large landmass in Europe, but it really isn’t- for comparison, the UK is just smaller than Michigan alone.


OPEN ACCESS DATA, AVAILABLE AT: HTTPS://[EGMS.LAND.COPERNICUS.EU/

EGMS Time Series: what can we see?

Dataset: Vertical
Point ID: 40TDEXuAW1
Position: 2395250.00 N 388815000 E 8570 m
Mean velocity: 3.10 mmiyear
RMSE: 1.40 mm
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OPEN ACCESS DATA, AVAILABLE AT: HTTPS://[EGMS.LAND.COPERNICUS.EU/

EGMS Time Series: what can we see?
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Credit: google maps

Displacement mm

Dataset: Vertical
Point ID: 40KhPxAmls
Position: 1697350.00 N 3285050.00 E 304.10 m
Mean velocity: -43.00 mm/year
RMSE: 0.60 mm

1. Vertical: 40KhPxAmis ©
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BGS Datasets & INSAR

» BGS is the authoritative body on geohazards in the UK
* Founded in 1835 nearly 200 years of geological data!

— GeoSure: hazard susceptibility maps for 6 UK geohazards
satellites, for INSAR

+

+ We utilise EGMS data, from Sentinel-1

.
Landslides Shrink-Swell Running Compressible Collapsible Soluble Rocks m
Sands Ground Deposits 10 @
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Presenter Notes
Presentation Notes
We have these six hazard susceptibility maps for geohazards in great Britain, and the big idea is to figure out how to tie in what we see in InSAR data with where we know to be at-risk.
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Current Research at BGS
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Automatic extraction of information from INSAR §
time series: 8
— Methods to cluster data into areas of go- ;
statistically similar motions >
(unsupervised machine learning) %
— Methods to identify changes within a & _. ] .
time series — detectors. 0

INSAR
displacement velocity

INSAR TS

Subsidence trends

1. Dimensionality
Reduction (UMAP)

2. Clustering
(HDBSCAN)

4/ mlinear

3. Trend change
detection (PWLF)

W Acceleration

cnvyr

M Deceleration

-162 -11.8 -7.3 -29 29 39 48
Vertical velocity

Rygus et al., 2023

Hussain et al., 2020
INSAR change detector allows
significant changes in time series to
be identified for millions of
measurement points in near-real

time
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ML methods applied to INSAR reveals
subsidence trends in Indonesia @
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Presenter Notes
Presentation Notes
Developing tools to extract information from insar


The Big Idea:

INSAR data » Ground motions
+ P More shrink-swell
Automatic
Climate models rWetter winters & drier summers r o More winter | > Autor!mted :> interpr ons of
landslides processing tool geological hazards
from InSAR
> Extreme coastal
+ erosion

DEMSs, clay-rich
deposits, landslide
maps, etc

Y

Geological maps
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Presenter Notes
Presentation Notes
Climate models predict x y z 
Remove v and h from ground motions


Automatic piecewise linear regression (PLR) of

time series trends:

Time series

!

STL decomposition el Trend analysis — .
linear regression

P Seasonality analysis === Seasonality strength

» Residuals analysis

Velocity(ies) = [-6.0]mm/year

Automatic piecewise L

¥ Linear - stable

>  Linear - uplift

Trend
behaviour
- Linear - subsiding
> Non-linear
v 4
Number of Temporal
segments analysis
Ground
velocity
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Presenter Notes
Presentation Notes
Insert the time series into a seasonal trend decomposition 


Automatic piecewise linear regression (PLR) of

time series trends:
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INITIAL TEST AREA- MIDLANDS, UK

Results: Test 1

* By plotting the different groups of trend behaviours, we observe spatial trends
— The algorithm takes in no spatial data, yet returns spatial information

1o velocity threshold {1.259 mm/year)
: w¥w o Linear-stable

Stoke-on-Trent . s yiings iy
Semay LA Linear-subsidence
Linear-uplift
= Non-linear
—-  3360000M
[723
: =
We have s_et a velocity of = Nottingham
deformation threshold S
based on the standard 3330000N
deviation of the velocities
for the whole of the UK to
account for satellite noise W AR s o T Leicester
3510000E 3540000E 35T0000E 3600000E @
16
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IODP WORKSHOP, WASHINGTON D.C., APRIL 2024


Presenter Notes
Presentation Notes
For this area, we’ve studied the points moving faster than a velocity threshold based on the UK average- We need to select a velocity threshold to account for noise in the InSAR measurements, “false positive” movements, and satellite bias.
 and you can see that a lot of areas in this location are moving non-linearly, which indicates that the ground isn’t just moving negatively and positively in vertical space. Could be weather related, more rain in winter and hotter summers, could be due to city expansion and construction. 
Gives us information beyond just the average velocity – non linear and linear movements so we can automatically detect sudden changes as well rather than having to go to specific locations to look at the data, like that earthquake time series I showed earlier.



Results

SE England
(selected quadrant in EGMS
in pink)

clay-rich soils 2
high risk area for shrink-swell
hazard
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ground motions in Great
Britain as a whole)

1.50 = 1.889 mm/year



Presenter Notes
Presentation Notes
SE England which has a clay-rich geology and from our hazard maps we know to be one of the most vulnerable places for shrink swell hazard in the UK.

 


Location id = 40dBauvctG, lyear_period
Ground deformation label = linear - uplift
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Presenter Notes
Presentation Notes
Singling out seasonality, this is clearly a big indicator of extreme changes in deformation time series. A good way to check which areas are more vulnerable seasonally, and a key indicator of where to focus climate change related efforts or mitigations.
We’re automatically detecting where processes are becoming more extreme.


Next steps? R
Superficial
Add in deposit maps Any
geological ]
hazard Mining areas Decision tree ? q UeStlonS?
susceptibility
data
Slope angles Feel free to email:
_ hhourston@bgs.ac.uk
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