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Problem statement and objectives

Objective

i) To analyse the predictive power of single variable and bilinear

threshold models derived from groundwater levels and

precipitation “hydro-meteorological based-threshold models”

 Existing precipitation 

based thresholds

 Neglecting the antecedent

hydrological processes

 High rate of missed and false

alarms

 No robust LEWIS
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Methodology

Data sources: 

• Landslide inventory: 2006-2018 from NASA 
(https://data.nasa.gov/Earth-Science/Global-
Landslide-Catalog/h9d8-neg4)

• Time series of rainfall and potential evaporation: 
2006-2018 from Rwanda meteorological Agency

• Time series of groundwater levels: 2016-2018 
accessed at Rwanda water portal 
(https://waterportal.rwfa.rw/)

https://data.nasa.gov/Earth-Science/Global-Landslide-Catalog/h9d8-neg4
https://waterportal.rwfa.rw/
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Methodology

1. Regional groundwater modelling

 Transfer function noise time series model (TFN): 
Hindcasting i.e temporal extrapolation of 
groundwater level time series to the past  from 2016 
-2006 to match with landslide inventory period 
using:

- Rainfall 

- Potential evaporation

Standardized groundwater

Model inputs
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Causal/ hydrological 
variables:

- Groundwater levels 
on landslide day ht

- Groundwater levels 
prior to landslide 

triggering event  ht-1

 ht

 ht-1

Triggering variables:
- Event rainfall 

volume E
- Event rainfall 

Intensity I
- Event duration D

 E 
 I
 D

Hydro-meteorological Vs Prec. Thresholds

Precipitation 
thresholds

Hydrological 
thresholds

2. Landslide predictor variables

-E-D
-I-D

Landslide 
Hazards

-Yes
-Not

Independent variables Dependent 
variables

ht-E

ht-I

ht-1-E

ht-1-I

Single variable 

threshold model (1D)

Bilinear threshold 

models (2D)
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3. Statistical analysis

• ROC curve and AUC metrics: Identify the variable 
with highest control on landslide occurrence

• TSS and Rad: To define the thresholds (absolute 
values) for each landslide predictor variable i.e Single 
variable threshold model
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Results

From all 
catchments
ht

hydrological 

variable with 

highest 

control on 

landslide 

occurrence

AUC >0.76

E 

Precipitation 

variable  

with highest 

AUC >0.74

a. Kivu

b. Upper Nyabarongo

c. Mukungwa

Predictive power of predictors
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Landslide prediction capabilities in Kivu catchment

Single variable 
threshold model

ht >0.21m

 True alarms= 93%
 False alarms=38%

Bilinear threshold 
Model

ht-I [ht>0.21m, I>10.8mm/d]

 True alarms= 64%
 False alarms=10%

Hydro-meteorological 
threshold model
ht-I [ht>0.21m, 
I>10.8mm/d]

 True alarms= 64%
 False alarms=10%

Precipitation 
threshold model

E-D[D>3.5d, E>66.75mm]

 True alarms= 57%
 False alarms=14%

64%



99

Landslide prediction capabilities in upper Nyabarongo

Single variable 
threshold model

ht >0.46m

 True alarms= 82%
 False alarms=26%

Bilinear threshold 
Model

ht-I [ht>0.457m, 
I>12.48 mmd-1]

 True alarms= 73%
 False alarms=10%

Precipitation 
threshold model 
E-D [E>44.7mm, 

D>12.5d] 

 True alarms= 45%
 False alarms=5%

Hydro-meteorological 
threshold model

ht-I [ht>0.457m, I>12.48 
mmd-1]

 True alarms= 73%
 False alarms=10%

73%
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Landslide prediction capabilities in Mukungwa catchment

Single variable 
threshold models

E>46.8mm/E
I>7.6mm/d

 True alarms= 100%
 False alarms=25%

Bilinear threshold 
Model

E-D [E >63.5mm, 
D>7.5d ]

 True alarms= 85%
 False alarms=14%

Precipitation 
threshold model 
E-D [E >63.5mm, 

D>7.5d ]
True alarms= 85%

 False alarms=14%

Hydro-meteorological 
threshold model

ht-I [ht>0.48m, I>7.6/d

 True alarms= 85%
 False alarms=15%

85%
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Conclusion

 Single variable threshold models derived from 
groundwater levels ht: Highest landslide prediction skill

 Single variable threshold models derived from 
precipitation variables may lead to biased 

predictions, therefore, knowing and considering 
the hydrological antecedent conditions is very 
important 

 Hydro-meteorological threshold models predicted 
much better than precipitation based thresholds

 The integration of catchment specific groundwater 
levels in empirical statistical models improved the 
quality of landslide forecast
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Thank you all 

! ! !


