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LANDSLIDES

ÅMost frequent and hazardous disasters

ÅOccur naturallyébut humans development increase 

likelihood

ï Manslides

ÅNot that frequent in SA, but likely to increase due to more 

extreme events and expansion of development.



LANDSLIDES EARLY WARNING SYSTEM

(LEWS)

Å LEWS ïreduce damage to lives and livelihoods

ÅSouth Africa (Africa) do not have a LEWS

ïRely on regional weather forecast

ïVery ineffective!

Å LEWS are typically based on empirical thresholds e.g., rain 

volumes

ïDonôt account for underlying hydrological mechanisms

ïOften result in false or missed alarms



LANDSLIDES THEORY
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LANDSLIDES THEORY

(STABLE)



LANDSLIDES THEORY



LANDSLIDES THEORY
(UNSTABLE = LANDSLIDE)



LANDSLIDES EARLY WARNING SYSTEM

(LEWS)

Å Italy, New Zealand, Porto Rico, Malysia have networks of 

soil moisture readings

ïFeed into LEWS

ÅWe donôt have that in Sub-Saharan Africa

ïRely on remote sensing?

ÅDownscaling

ÅOnly surface horizons

ïMechanistic hydrological modelling is option



TOWARDS LEWSSA

ÅAim

ïCouple a SWAT+ with slope stability model to predict the 

occurrence of landslides

ïFarms part of larger project:

ÅRemote sensing for landslide inventories

ÅLandslide susceptibility maps

ÅDownscaling of soil moisture







MODELLING (SWAT+)

Å Soil Water Assessment Tool (Arnold et al., 1998)

Å Widely used simulate:

ïWater quality and quantity 

ïSurface and groundwater 

ïPredict the environmental impact of land use, land 
management practices, and climate change

Å Divide catchment into HRUs

ïSimilar soil, slope, landuse

ïCalculate water balance for each HRU

Å SWAT+ (Bieger et al., 2017)
ï Able to route water and pollutants through the landscape to reflect internal 

catchment processes more accurately. 

ï Different components of outflow hydrographs (e.g. overland flow, lateral 
flow, or recharge) can now be routed between HRUs

ï suitable vehicle for representing flowpaths and connectivities of water as 
derived from the conceptual process understanding. 









MODEL RUNS AND CALIBRATION

Å 2103 HRUs

ÅClimate inputs from ARC weather station in Pinetown

ïSupplemented with Forecast System Reanalysis 
(CFSR, 1979 ï 2014, with updates) done by the 
National Centre for Environmental Prediction (NCEP) 
(Saha et al., 2010). 

ÅRun from 1 January 2000 till end of April 2023

ÅFocus are around 11 ï 13 April 2023

ÅRough calibration against Schulze 2007 

ï% Baseflow

ï% Quickflow



COUPLING AND CODING

ÅChange outputs to present 100 mm soil layers instead of 

topsoil and entire profile

ÅSoil water contents input into slope stability calculations:

ïConvert mm of available water to fraction of porosity

ï>75% was considered saturated
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COUPLING AND CODING

ÅChange outputs to present 100 mm soil layers instead of 
topsoil and entire profile

ÅSoil water contents input into slope stability calculations:

ÅShear strength estimated from texture (PTF)

ÅSlope for each HRU

ÅCoupling in the R (4.41) using RStudio (2024.09.1). 

ïggplot2 (Wickham, 2016) 

ïtidyverse (Wickham et al., 2016)

ïsf (Pebesma & Bivand, 2023). 

ÅChatGPT (OpenAI, 2024) for all coding
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EVALUATION

¶ True Positive  (TP): The model predicted a landslide in an HRU 

where a landslide did occur.

¶ True Negative  (TN): The model predicted no landslide in an HRU 

where no landslide occurred.

¶ False Positive  (FP): The model predicted a landslide in an HRU 

where no landslide occurred.

¶ False Negative  (FN): The model predicted no landslide in an HRU 

where a landslide did occur.



EVALUATION
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