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System architecture of the web-
based system



Shallow slope stability model 
(SHALSTAB) 

SHALSTAB is a deterministic model that calculates the critical 
shallow groundwater recharge conditions (mm/day) that can 
destabilize a slope. 

The model couples cohesionless infinite plane slope stability model 
and steady-state shallow subsurface flow (i.e., hydrological model).

Infinite slope model is the ratio of resisting (shear strength) to driving 
forces (shear stress))

The hydrological model calculates the spatial patterns of soil 
saturation (i.e., wetness) using upslope contributing areas, soil 
transmissivity and local slope with a presumption that the flow infiltrates 
to a lower conductivity layer and follows topographically determined 
flow paths.



Hydrological Model Wetness

CTI = ln(As / tan β)

where:
As  is the specific catchment area (is large 
typically in converging segments of 
landscapes) 

β is the local slope angle (is small at base of 
concave slopes where slope gradient is 
reduced)

Wetness Index represents the spatial distribution of water flow 
across a given area in order to predict zones of saturation

 (Speight, 1974; Bevan & Kirkby, 1979; Moore et al. 1991; 1993)



SHALSTAB
The critical steady-state rainfall (Q) that is predicted to 
cause instability at each grid cell is solved by the following 
equation:

Qc = Tsinθ / (a / b)[ρs / ρw (1 − tanθ / tanφ)]

where topographic terms from the DEM include drainage 
area that contributes subsurface flow a, the outflow boundary 
length (i.e. cell width) b, and the local slope of the ground 
surface or angle which is assumed to be parallel to the failure 
plan θ. The rest of the parameters include the saturated bulk 
density of the soil ρs, the water bulk density is ρw, the angle 
of internal friction φ, and the soil transmissivity T, which is
given by the product of the soil thickness and water level 
above the failure plane.



Clearwater National Forest



https://geogis.bgsu.edu/apps/shalstabcv/















Conclusions
The presented web-based framework extends the capabilities of
existing spatial models for landslide susceptibility for non-R and non-
GIS users and can also be used in an educational context for 
classroom teaching activity.

By lowering technical hurdles of this web-based approach, powerful 
functions are made accessible to a wider user community.

The work sheds light on an interactive modeling and
visualization that can facilitate decision-making by local planners 
who are often required to alter the level of risk which depends on 
different circumstances. 

The case study demonstration showed an produced an overall 
accuracy of 0.894, kappa of 0.789 and 0.715 (AUC).  



Future Work
Integration with other modules such as the Stability
Index Mapping (SINMAP) which is a stochastic and distributed 
model (i.e., requires the maximum and minimum input parameter 
values)

Providing tools for interactive downloads and preprocessing of 
DEM datasets, adding flexibility to spatial services 

Landslide Inventory and access to standardized landslide datasets. 
 

Enabling real-time group-based spatial decision support systems 
(SDSS) as a collaborative framework for landslide susceptibility.



Thank You! 
Questions ??? 
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