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Setting the agendainresearch

Comment

A mudslide in August 2017 killed hundreds of people in Freetown, Sierra Leone.

How climate change and unplanned
urbansprawl bring more landslides

Ugur Ozturk, Elisa Bozzolan, Elizabeth A. Holcombe, Roopam Shukla, Francesca Pianosi & Thorsten Wagener

More settlements will
suffer as heavy rainsand
unregulated construction
destabilize slopesin the
tropics, models show.

hefirsthalfof2022 wasone of the dead-
liest on record for landslides. In Janu-
ary and February, cities across South
America were hit by devastating soil,
rock and mud flows — burying at least
14 people in their homes at Dosquebradas in
Colombia, andKkilling 24 people in Quito, Ecua-
dor, and atleast 220 in Petrépolis, Brazil. In
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April, MayandJune, hundreds morewerekilled
in Pilar in the Philippines, Durban in South
Africa, Recifein Braziland across Bangladesh.

That’s fast approaching the roughly 4,500
people who are killed on average worldwide
each year by landslides'. Economic damages
from these events amount to US$20 billion
annually?, which is roughly one-quarter of
those resulting from floods.

Over the past 50 years, disasters caused by
landslides have become ten times more fre-
quent’. And landslide risk is set to escalate,
owing to two increasing trends — climate
change and urbanization. Now, researchers
need to assess where and to what extent such
risks will rise.

More than 80% of fatal landslides occur
in the tropics'. They are triggered mainly
by heavy rain, often during cyclones and

pringer Nature Limited. All rights reserved.

monsoons. Climate projections show that,
onaverage, theintensities of tropical deluges
coulddoublebytheend of the century*. Butit’s
hard to say what will happenin any given place.

The rapid pace of urbanization, especially
in low- and lower-middle-income nations in
tropical regions, will put more people in the
path of landslides. For example, the popula-
tion of Freetown in Sierra Leone has nearly
doubled, tomore than 1.2 million, since 2000.
Many people arriving in the city end up liv-
ing in poor or informal settlements on hills
and floodplains at the city margins. Infor-
mal housing practices such as unregulated
deforesting, slope cutting and household
water drainage, can increase the chance of
landslides. And such communities are hit dis-
proportionately hard. For example, in Latin
Americaand the Caribbean, 81% of the people




WHY IN THE
TROPICS?

Context of data scarcity — lack of research

b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change .

in heavy precipitation

‘ Increase (1%)
O Decrease (0)

O Low agreement in the type of change (8)

O Limited data and/or literature (18)

Confidence in human contribution
to the observed change

see High
ee Medium
o Low due to limited agreement
© Low due to limited evidence

~— Type of observed change since the 1950s

IPCC Sixth Assessment Report, 2021
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A landslide hotspot
in Africa and at the
global level
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https://www.sciencedirect.com/science/article/abs/pii/B9780128182345001188?via%3Dihub

A pluridisciplinary and holistic approach AFRICA.,

- Satellite remote sensing (SAR,
optical)

« Field work, drone image
acquisition, climate data, etc.

« Historical aerial photographs
(RMCA archives)

 Citizen science

« Strong partnership with African 1.CO getthe = 4 CRSN checks
institutions ‘;@:mat%m@ SV U a”dﬂate
3. Event info sen

2.COrecord |

‘ obile network
in Kobo

« Research strategies in data-
scarce context




Regional inventory and susceptibility
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https://link.springer.com/article/10.1007/s10346-020-01452-0

Regional inventory and susceptibility

28.5°E 29.0°E 29.5°E

30,000 landslides
| from satellite imagery
: : + field validation

DR Congo

Uganda
0 -

Tanzania

e st

Landslide

< Shallow

® Deep-seated
Elevation (m a.s.l.)
1 <1000

Tanganyika b/ Volcanic provinces
[ VWP & SKVP

773mas.l. g 0 15 30km

L 3 Dewitte et al., 2021. Landslides

28°E 29°E 30°

LSS
P Top 10%  30-60%
[ 10-30% [ 60-100%

2°5
Regional landslide
susceptibility

Depicker et al., 2020.
Geomorphology

11


https://link.springer.com/article/10.1007/s10346-020-01452-0
https://www.sciencedirect.com/science/article/abs/pii/S0169555X19303770
https://www.sciencedirect.com/science/article/abs/pii/S0169555X19303770




oIl T APl et s Wi

Recent landslides that occurred in the last
decades are not seismically triggered

Recent landslides are triggered by rainfall and
are mostly shallow slope processes
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Landslide events

Annual landslide distribution

and rainfall seasonality - 35
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Recent landslides that occurred in the last
decades are not seismically triggered

Regional rainfall
* Recent landslides are triggered by rainfall and > threshold for landsliding
are mostly shallow slope processes



https://nhess.copernicus.org/articles/19/775/2019/

Shallow landslides, deforestation and landscape rejuvenation

- Google Earth
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Depicker et al., 2021. Earth Surface Dynamics
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https://esurf.copernicus.org/preprints/esurf-2020-87/

Shallow landslides, deforestation and landscape rejuvenation AFRICL
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https://esurf.copernicus.org/preprints/esurf-2020-87/
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https://esurf.copernicus.org/preprints/esurf-2020-87/

Landslide risk and the legacy of societal and environmental changes AFRICA

1. Reconstruct forest cover changes 1958-2016
2. Link forest cover changes to landslide
susceptibility

Link susceptibility to hazard

4. Risk = hazard x exposure x vulnerability

w



Landslide risk and the legacy of societal and environmental changes

w

Reconstruct forest cover changes 1958-2016
Link forest cover changes to landslide
susceptibility

Link susceptibility to hazard

Risk = hazard x exposure x vulnerability

Environmental and societal changes
resonate in landslide disaster risk

Risk in the eastern DR Congo higher due to
widespread deforestation, mining, conflicts
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Landslide risk and the legacy of societal and environmental changes AFRICA

w

Reconstruct forest cover changes 1958-2016
Link forest cover changes to landslide
susceptibility

Link susceptibility to hazard

Risk = hazard x exposure x vulnerability

Afforestation
increases
slope stability

Environmental and societal changes
resonate in landslide disaster risk

Risk in the eastern DR Congo higher due to
widespread deforestation, mining, conflicts

Deforestation increases
landslide risk Roads facilitate

Y 2 deforestation

o ‘

3. Population faces
landslide risk

\ |Fuelwood extraction

‘
T
Safedy
Em

\ Food production

) 2.Population expands
into steep terrain

Mining industry

1. Population grows +
mobility increases due to
conflicts and refugees

Depicker et al., 2021. Nature Sustainability Maki Mateso et al., 2023. NHESS
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https://www.nature.com/articles/s41893-021-00757-9
https://nhess.copernicus.org/articles/23/643/2023/nhess-23-643-2023.html

Dynamics of slow-moving landslides AFRICA
Example of the lkoma landslide (DR Congo)
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Dille et al. 2019, Geomorphology le et al. 2021, Remote Sensing of Environment


https://www.sciencedirect.com/science/article/abs/pii/S0034425721001206
https://www.sciencedirect.com/science/article/abs/pii/S0169555X19303071

Dynamics of slow-moving landslides AFRICA
Example of the Funu landslide (Bukavu - DR Congo)

2018

T h TN P H',I( r =

22



Dynamics of slow-moving landslides AFRICA
Example of the Funu landslide (Bukavu - DR Congo)

1959 2018
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https://www.nature.com/articles/s41561-022-01073-3

Dynamics of slow-moving landslides
Example of the Funu landslide (Bukavu - DR Congo)

1959 2018

Urbanisation interferes with the natural
behaviour of the landslide through modifications

of slope hydrology Dille et al., 2022. Nature Geoscience



https://www.nature.com/articles/s41561-022-01073-3

Bukavu (DR Congo)

28.85°E

Lake Kivu
1460 m a.s.l.

30% of the city is built on
landslides

*
[] Deep-seated landslide
B suilding footprint




Hazard

Gep 1.1: landslide multi-\

temporal inventory
& process classification

3 hazard scenarios:
*shallow
landslides
ereactivation of
d/s slides

landslides

Step 1.2: landslide
intensity & frequency

Step 1.3: hazard zonation

sdeformation demographic survey in
within d/s representative MZ plots

Population
density

Step 2.1: visual
characterisation of the
urbanised area and
identification of
homogenous morphological
zones (MZ) based on remote
sensing & field survey

Step 2.2: population

Step 2.3: population density
zonation ( = exposure)

E 1 population

Social
vulnerability

Bukavu (DR Congo) — towards risk assessment

Risk

Gep 3.1: identification of\

key socio-economic
variables (stakeholder
survey, qualitative
approach)

Step 3.2: socio-economic
survey in MZ plots (areas
defined in step 2.1;

Xﬁquanﬁtaﬁve approach)

Step 3.3: development of
an Operational
Vulnerability Index

Risk zonation for

3 types of
landslide

constraints

Each zonation is the
product of one hazard
map with the density map
and the vulnerability map

ﬁ 3 risk maps

1 contextualised
\q M} density map O vulnerability ma)p \ )

285 BEE
Lake Kivu DR Congo @ Lake Kivu

1460m asl ~ 1460 m 8

Population density (hab/km?)
1500- 10,000
10000 - 20000
20000 - 30,00
30.000- 40,000
4.000- 50,00
50,000 6003
B 60.000 - 70.000
70000 - 80000 0 Tikm
2000 - 8750 285

Michellier et al,, in
preparation

255%
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Bukavu (DR Congo) — towards risk assessment

Hazard

temporal inventory
& process classification

3 hazard scenarios:
*shallow
landslides
ereactivation of
d/s slides
*deformation
within d/s
landslides

Step 1.2: landslide
intensity & frequency

Step 1.3: hazard zonation

ﬁ 3 hazard maps

N

/
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Population
density

Step 2.1: visual
characterisation of the
urbanised area and
identification of
homogenous morphological
zones (MZ) based on remote
sensing & field survey

Step 2.2: population
demographic survey in
representative MZ plots

Step 2.3: population density
zonation ( = exposure)

t 1 population
density map

gi( quantitative approach)

Social
vulnerability

Risk

(tep 3.1: identification of\

key socio-economic
variables (stakeholder
survey, qualitative
approach)

Step 3.2: socio-economic
survey in MZ plots (areas
defined in step 2.1;

Step 3.3: development of
an Operational
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I 1 contextualised
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Risk zonation for
3 types of
landslide
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Each zonation is the
product of one hazard
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ﬁ 3 risk maps
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Bukavu (DR Congo) — awareness raising AFRICA.

Information centre (CIRRINa) on
natural hazard risks at Université
Officielle de Bukavu

Serious games |

stakeholders &
schools

Michellier et al,, in
preparation
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Bujumbura (Burundi)
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Bujumbura (Burundi)

Kubwimana et al., 2021. Geosciences
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https://www.mdpi.com/2076-3263/11/6/259

® |ocation of impacts
= R/R limit
I3 Flash floods
Landslide type
[ Debris flow
B Debris/soil slide, debris avalanche, flowslide
[ Earthflow and slide - earthflow
[BRSe . \. [ Rock slide and rock avalanche

el N A 7 g 771 Mountain and rock slope deformation

‘ A h ) HM Gully with landslide process

Bujumbura (Burundi)

3°20’S

3°30’S

— R/R limit
) — Faults
Elevation (m.a.s.l) Lithological units
<1000 : e

6 % iggg'iggg [ Metaquartzites

3 [0 Pegmatite

2 4 km = 1600-1900 2 4 KM — quartites
| I [] 1900-2300 | = Riﬁsed'g'fnts

Kubwimana et al., 2021. Geosciences



https://www.mdpi.com/2076-3263/11/6/259

Bujumbura (Burundi)

Example of a
compound -
cascading event

Intense rainfall

* Hundreds of landslides
* Debris flows
* Flash floods
* Quarrying (Q) activities

* Dam breaching

Kubwimana et al., 2021. Geosciences



https://www.mdpi.com/2076-3263/11/6/259

Landslides... risk or opportunity?




Landslides... risk or opportunity?




Original ground surface:
outside landslide (favorable
for forest, eucalyptus

and pasture)

outside

Toe: zone .
favorable for
infrastructure
construction

Maki Mateso et al., to be submitted

Eucalyptus
and forest

Wetter soil favorable
for banana and vegetable crops

¥oot (zone of accumulation):
favorable for subsistence crops



https://meetingorganizer.copernicus.org/EGU22/EGU22-2009.html

Landslide inventory

Monitoring — survey

Citizen science — observer networks

Origin — mechanisms

Threshold conditions (rainfall, topography, etc.)

Role of human-induced environmental change (land use,
climate, etc.)

Direct and indirect impacts — vulnerability — risks

Prediction maps (where and when)

Tools for land management and urban planning
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