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• Condition monitoring –

a concept borrowed from 

civil engineering

After Briggs et al., 2019. 

International Conference on Smart Infrastructure and Construction (ICSIC)
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• Condition monitoring –

a concept borrowed from 

civil engineering

• Maximise the time from 

detection of deterioration 

onset to point of failure

Landslide Age
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Slope condition and early warning
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• Condition monitoring –

a concept borrowed from 

civil engineering

• Maximise the time from 

detection of deterioration 

onset to point of failure

• Pathway of stability curve 

may be complex
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Landslide investigation tools – getting a clear picture
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• Remote sensing

– UAV / InSAR

– Observations / measurements
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– Observations / measurements
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– Observations / field and lab tests
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• Remote sensing

– UAV / InSAR

– Observations / measurements

• Intrusive investigations / observations

– Boreholes / trial pits / sensors

– Observations / field and lab tests

• Near-surface geophysics

– Non-invasive surface measurements

– Proxies of ground condition



Landslide investigation tools – getting a clear picture
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• Remote sensing

– UAV / InSAR

– Observations / measurements

• Intrusive investigations / observations

– Boreholes / trial pits / sensors

– Observations / field and lab tests

• Geophysics

– Non-invasive surface measurements

– Proxies of ground condition

• An integrated approach!



‘Geophysics’ for LoLEWS

11

• “…monitoring changes in the landslide mass by 

observing physical parameters of soil or rock 

masses (e.g., density, acoustic/elastic 

parameters, resistivity)”

(Pecoraro et al., 2019)

Pecoraro et al., 2019. Landslides.
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• “…monitoring changes in the landslide mass by 

observing physical parameters of soil or rock 

masses (e.g., density, acoustic/elastic 

parameters, resistivity)”

(Pecoraro et al., 2019)

• “Measurements … to produce cross-sections or 

volumetric models of the subsurface” 

(Whiteley et al., 2021) Pecoraro et al., 2019. Landslides.

• No imaging capability in the ‘geophysical’ methods identified by Pecoraro et al. (2019) –

mostly applied to fast-moving slides (e.g., debris flows)

• Geophysical imaging – longer lead times to failure by considering whole-slope



Developments in geophysical monitoring
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• Increasing capability of time-lapse 

geophysical imaging systems

• Systems reaching maturity, but 

not (currently) integrated in to 

operational LoLEWS

• Distributed Acoustic Sensing 

(DAS) systems a very recent 

development being applied to 

landslide monitoring 

(e.g., Clarkson et al., 2021)

Whiteley et al., 2019. Rev. Geophys.



Local landslide early warning systems (LoLEWS) 
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• Adapting the framework by Intrieri et al. (2013):

– “Education” -> “Decision support”

– “Population involvement” -> “Stakeholder 

involvement”

– “Instrument installation / data collection / 

transmission” -> single activity

– “Data interpretation” -> part of monitoring

– “Data elaboration” -> part of forecasting

After Intrieri et al., 2013. Nat, Hazards Earth Syst. Sci.

•Stakeholder 

involvement



The “case” for 

geophysical imaging

in LoLEWS
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• Not a replacement for established 

approaches -> identify areas where 

geophysical information (and 

related activities) can supplement 

and / or enhance existing data

Whiteley et al., 2021a. Nat, Hazards Earth Syst. Sci. 

After Intrieri et al., 2013. Nat, Hazards Earth Syst. Sci.



LoLEWS design
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Whiteley et al., 2021b. Eng. Geol.

• Reconnaissance surveys -> rapid geological knowledge



LoLEWS design

17Whiteley et al., 2022. Géorisque VIII

• Reconnaissance surveys -> rapid geological knowledge

• Petrophysical models -> slope-scale soil property estimation



LoLEWS monitoring

18Holmes et al., 2020. 

Near Surf. Geophys.

• 4D geophysical models

4D resistivity



• 4D geophysical models

• 4D petrophysical models

LoLEWS monitoring 

and forecasting

19Holmes et al., 2020. 

Near Surf. Geophys. Holmes et al., 2022. Eng. Geol.

4D resistivity

4D moisture



• Information and 

alarm delivery

LoLEWS decision 

support
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Uncertainties in geophysical imaging
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• Geophysical images produced from a process of 

data inversion – fitting a model to real-world data

• Different methods have different (and overlapping) 

sensitivities to different soil properties

• Many geophysical surveys still rely on expert 

opinion to process and interpret data

• Petrophysical transforms rely on extrapolation of 

small-scale properties to slope-scale



BGS PRIME ERT monitoring
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After Holmes et al., 2020. Near Surf. Geophys.



• Geophysical imaging provides unique insights in to slope-scale processes at the 

whole-slope scale, which supplements remotely sensed and intrusive observations

Conclusions

23

• Holistic assessment of the whole-slope reveals slope condition, 

identifying periods of vulnerability

• Geophysical imaging systems are ready 

for inclusion in LoLEWS, and can 

supplement existing strategies



Thank you for reading

Questions?

jwhi@bgs.ac.uk

This talk is based on: 

https://doi.org/10.5194/n

hess-21-3863-2021
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