[N

Integration of multiple observed and
model-derived hydrological variables in
landslide initiation threshold models in

28°30'0"E 29°0'0"E

30°00"E

1°30'0"S1

| === Major_rivers

2°0'0"s

2°30'0"SA

| : Complex aquifer (volcanic rock)

Legend

— Rivers
Groundwater_stations

A Meteorological_stations

Kivu
Mukungwa
Upper Nyabarongo

| Anuvial aquifers

- Fractured aquifer (granite and gneiss)

B Lakes

- Low permeable fractured aquifer (schist and micasch

[:] Organo-sedimentary alluvial aquifer (low permeabil
Peat

_“j Permeable fractured aquifer (quarzite on schist b

| Semi-p ble fractured i (

q

Bukaw

0 5§51 20 30 40

£1°30'0"S|

F2°30'0"S

29008 30008 el e

e e o meters



(EG Uz, 2021
Problem statement and objectives

—

= Neglecting the antecedent
hydrological processes
v' High rate of missed and false
alarms
v" No robust LEWIS

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”



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/

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

Model inputs

Standardized groundwater

Yo =X —X[0
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2. Landslide predictor variables

/ Causal/ hydrologlcaN / Triggering varlablem (" Landslide )

variables: - Event rainfall Hazards
- Groundwater levels volume E Yes
on landslide day h, - Event rainfall ‘Not
- Groundwater levels Intensity | < y
prior to landslide - Eventduration D
triggering event h, = E
] ht I

Hydrological

PreC|p|tat|on ]
thresholds

thresholds

e N
{ ] |




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




Results
Predictive power of predictors
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Landslide prediction capabilities in Kivu catchment

B FN Failed alaams + FP Falsa alarms

T Mo hazardous landshide ‘- TP Hazardous landslide

Intensity | (mm/day)®
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ﬁ
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Duration (days)

41

Single variable
threshold model

h,>0.21m

> True alarms=93%
> False alarms=38%

Bilinear threshold

Model
hy-l [h>0.21m, 1>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%

Hydro-meteorological
threshold model
hel [h>0.21m,
1>10.8mm/d]
» True alarms=64%
> False alarms=10%
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Landslide prediction capabilities in upper Nyabarongo
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Single variable
threshold model

h,>0.46m

> True alarms=82%
> False alarms=26%

Bilinear threshold
Model

h,-I [h>0.457m,

1>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
h-l [h>0.457m, 1>12.48
mmd-]
» True alarms=73%
> False alarms=10%
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C Landslide prediction capabilities in Mukungwa catchment

B FM Failed alarms + FP False alarms Th Mo hezardous landshde ‘ TF: Hazardous landslide
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Single variable Bilinear threshold Precipitation Hydro-meteorological
threshold models Model threshold model threshold model
E>46.8mm/E E-D [E >63.5mm, E-D [E>63.5mm, h-1 [h>0.48m, 1>7.6/d
I>7.6mm/d D>7.5d ] D>7.5d ]
> Truealarms=100% || > True alarms=85% True alarms=85% » True alarms=85%
> Falsealarms=25% || > False alarms=14% > False alarms=14% > False alarms=15%




Conclusion

v" Single variable threshold models derived from
groundwater levels h,: Highest landslide prediction skill

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

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

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

v The integration of catchment specific groundwater
levels in empirical statistical models improved the
guality of landslide forecast

11



EGURSsmoy 2021

R T T
= p——




