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Natural hazards in Kenya

= INFORM (Index for Risk Management): Vv | Rark | Trnd

- useful tool for risk assessment developed 25 B

by the UN Inter-Agency Standing Committee \

Task Team for Preparedness and Resilience 2 =
and the =¢ LackorCoping Capacity 62 |45 |
Lack of Coping Capacity | 6.2 |43 Qg
0

- assesses risk at country
and sub-country level

INFORM Global Risk Index 2020

based on indicators to p— -
measure hazards and g
exposure, vulnerability & comatia
coping capacities > Oroushs
Cyclones
Earthquakes
Floods
Tsunamis
Epidemics
Tanzania
5.6
ofbcial endarsement or acceptance by the Uned Nﬂ?ﬂﬂ::d‘E?::eiznnU‘n:n Human
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Natural hazards in Kenya

» Heavy rains, flash floods, mudslides and
landslides ‘

- Undated: 39 land/mud
slides and 566
(flash)floods from the
national disaster inventory
(shown on map)

- Non-geolocated: 756
floods and 51 landslides
(2002 and 2016) from the
Deslnventar catalogue

- Time limited: 44 land/mud
slides (2007 and 2013) p—
from the NASA Landslide [~ What Pokot Souiity

geodatabase + slides
o (flash)floods

- Incomplete natural hazards | Flood affected people (2019)

inventories in Kenya B )
- Western region at risk [_] 1000- 5000
I 10 000 - 15 000
At I 15 000 - 30 000 s
e & . <
\‘if‘__} S unitar Hydro- geohazards in Kenya with flood affected people layer from
United Nations Insiure for Taining and Research http://riskprofilesundrr.org

DAILYS#NATION  news | BUSINESS  COUNTIES  SPORTS  BLOGS & OPINION

Death toll in West Pokot
landslides rises to 52

MONDAY NOVEMBER 25 2019

Ll

AFRICA

Heavy rains cause flash
floods in western Kenya

Police officers reportedly trapped in floods as West Pokot
county is hit again by a potentially deadly landslide.
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Kenyan climate and forcing meteorological factors

Short (Nov-Dec) and long (April-May) wet seasons

In April 2018: extremely wet season with > 8
mm/day over Kenya

In April 2019: unusual low rain while in December
2019 downpour with mean rainfall > 4 mm/day
over Kenya

Interannual Time Series

Average Merged satellite-gauge precipitation estimate - Final Run (recommended for general use) monthly 0.1 deg. [GPM GPM_3IMERGM v06] mm/day for 2001-Apr - 2019~

Matt Taylor explains the causes of the severe weather in Kenya

» Positive Indian Ocean Dipole or
“ | "El Nifo® effect :
e ; | , colder than normal in the Pacific

Ocean and warmer than normal
along the Horn of Africa with storm
clouds becoming heavier and

lasting longer (BBC communication)

Data year

o April -+ December


https://www.bbc.com/news/world-africa-50528982

UNOSAT Operational Satellite Imagery Analysis & Mapping Support to

Humanitarian Emergencies & Post Disaster Recovery

Humanitarian Rapid Mapping Service

» Provides satellite image analysis during humanitarian
emergencies, both natural disasters and conflict-situations

» 24/7 operational service

» Team of experienced analysts ensure timely delivery of satellite
imagery derived maps, reports and data

ooooooooo

» 2019: 41 activations following major disaster events

\>
1X LANDSLIDE

8X ¢‘ TROPICAL CYCLONE

22X FLOOD

WILDFIRE

4X ﬁ EARTHQUAKE
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Delivering applied research solutions through technology and data.
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.
.

damage , Pamtecost kland, Vanuartu - 24 Ape 2020- 1154
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UNOSAT's latest maps for current events are listed Ind
here. Older maps and data can be found in the tura
Map Library. TOMNGA, GLIDE NUMEER: TC20200409TON 04 -
€.

—&  UNOSAT Live Map: Troplcal Cyclans Harold, Tonga - 16 Ape 2020- 18:00
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https://www.unitar.org/maps
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https://www.unitar.org/maps

UNOSAT Operational Satellite Imagery Analysis & Mapping Support to

Humanitarian Emergencies & Post Disaster Recovery

Rapid Mapping Satellite Imagery Workflow

INFORMATION NEEDS
WHAT..? WHEN. ? WHERE.? UNOSAT GEOSPATIAL CATALOGUE
HOW...? WHY..?

SENDUSREQUEST X\

FIRST, SEND US AN EMAIL
emergencymapping@unosat.org

SECOND, CALLUS
24]7 Phone Line +41 75 411 4998
Disaster Type, Geographic Area, and Contact Information 0 '}
- - - 6 - - -
CONTACT YOUR DISASTER COORDINATION OFFICER

EVALUATION ™

We evaluate your request and get
back to you with a plan and
assessment within a few hours.

L | L“’P
0

PRODUCTION&
FOLLOW UP O %

o
1

co

MINIMUN CRETLERS UNOSAT engines start workingl We start

Submit requests via e-mail

DISASTER TYPE... processing your request. Acld:}mn.ﬂ
to emergencymapping@unosat.org followed by g TIMEFRAME.. information requests from UNOSAT may
. PHASE... arise, Track the status of your request in
phone call to the 24/7 hotline +41 75 411 4998 to | intenbEp UsE... GDACS - SMCS.

confirm submission to UNOSAT on-call officer




UNOSAT: tasks and processing flowchart after

International Charter activation in Dec 2019, Kenya

1. [25-11-2019] Request on
behalf of the Kenyan
government

2. [25-11-2019]

» Activation of the

¢ Charter to acquire

" VHR satellite images

4. [26-11-2019] %@
Task satellites

over the ROI

3. [25-11-2019]
UNOSAT Rapid

st [El N ! )

5. [28-11-2019]
Pleiades image
acquisition

@\

United Nai

6 [28-11-2019] Processing

Supervised NDVI classification to
detect changes
- Post-editing to discard low NDVI
values and low slope angle
Intersect with roads and bridges
- Photo-interpretation in Northern
populated areas (200 km?2)

mapping
service
activated
UNOSAT
7. [29-11-2019] Output N

Impact and

| damage
assessment
Maps and
reports




Mapping Activities

Floods
* Landslides
» Earthquakes
* Cyclones

* Refugee and Internally Displaced
Persons Mapping

* Cultural Heritage Sites
* Conflict Damage Assessment

* Etc.

*&L@unitar

United Nations Institute for Training and Research

Damaged elements
6 (B Brdge desvoyed
5 FY Road destroyed
3 F) Potentiaty affected road

Landslides Assessment in Pokot
South and Sigor Sub Counties,
West Pokot County, Kenya

This map llustrates satelite-detected landshdes |~

in Pokot South and Sigor Sub counties located
n West Pokot county (Kenya) as detected from
a Preiades-1 image acquired on 28 November
2019, Several roads in the valley have been
affected and at least 5 bridges were destroyed.
This is a prefiminary analysis and has not yet
been vaidated i the fieid. Piease send ground
feedback 1o UNITAR-UNOSAT.

This is a preiminery analysis and has not yet |

been validated in the field. Please send ground
feedback o UNITAR - UNOSAT.

Legend

Bridge destoped
P Rosddestroyed
) Potentialy atected osd
—— Rosd
Sub-County boundary
T3 Arsiyss exent
W Landsice extent[28 November 2019)
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Pokot South and Sigor Sub Counties, West Pokot County

\. Landslide




EO Services for
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measurement of
horizontal surface

geohazards

& Upload Data
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Current search result
EResult for OpenSearch query over ty... 2|8 988 » Totalresults 49380 = .321 data packages found. | Q
[ ]
@ S-1 Medium-Resolution INSAR Browse Service - Interferometric Phase Terrain Corrected o 2|3 17 | Next
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datapackageforcloudtoolbox - Emmanuel Mathot
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Geohazards Exploitation Platform | GEP

Unitar - Uganda
workshop

geohazards
tep

spatial

earth observation V. others  th

Centrafrique Sudan

Cameroun -

~ Cameroon +Bangui

S&o fome
Ll e Principe

Guinée
€fuatoriale -
Guinea
Ecuatorial -
_Guiné
Equatorial
Gabon

Uganda

République Kampala

du Congo BéPUbliC{ue
' Démocratique

du Congo Rwanda
Burundi

Kinshasa*

Lon: 28.652 Lat: -5.354

Current search result Features Basket =~ Data Packages

BResult for OpenSearch queryoverty... 1 2 3 4909 » Total results 245410 .

©

T3] S2A S2MSI1C INSNOBS Level-1C 36 Wed, 19 Feb 2020 09:40:31 GMT Hoiresulte found

I;h S2A S2MSI1C INSNOBS Level-1C 36 Wed, 19 Feb 2020 09:40:31 GMT

X1 S2A S2MSI1C INSNOBS Level-1C 36 Wed, 19 Feb 2020 09:40:31 GMT

omy & & ® ‘ Upload Data ‘ EO Data ~ EO-based products ~ Community ~ Private ~

Processing Services

Services Jobs

SNAP
InSAR

MPICe

Total results 0
e’
ALADIM-S2

ALADIM-S2: Automatic LA..

https://geohazards-tep.eu/

SNAP Sentinel-1 IW SLCI...

MPIC-OPT: Multiple pairwi..

COIN

COIN — Coherence and In_..

DIAPASON
Sentinel-1
¢
> ¢
o Cnes
DIAPASON InSAR Sentine. .

SNAC

SNAC - SNAP S1 GRD A...



https://geohazards-tep.eu/

ALADIM-S2/VHR: a service for Landslide Detection on GEP

~ B -~ B > .
ALADIM: Automatic Landslide Detection and ."‘:;:,;. .'::ig;. develoigggc;y (AT oo ot ohserarore
H : H . A Y T 1% ens s
Inventory Mapping from multispectral images " Am;fsz MmmTme de | Funiversité demﬁ@
This service is developped by CMRS-EOST (Strasbourg, France). It allows to detect and map new landslides triggered by large forcing
tn rocesein fHigh Rcolton mutapecrel dts (ADI 5 Serie 2 SAPE fe)an very 1 Resowton ool et A machine learning based service
Sanice. A raing dtaetofmanualyrappod i b itloation s et of e raing re, v e e of o rgens for Sentinel-2 and VHR images

of interest (ROI) should be provided as inputs (shape file-format) by the user. The outputs consist in a database of landslide polygons
than can be assimilated to an Earth-Observation derived landslide inventory. ALADIM builds on the change detection methodology
partially described in [l and [2]

/ ALADIM_POST_O https://recast.terradue.com/t2apl/search/depreza/results?
2 - RTHO_MS uid=B5AC3194BDCCIADS5591 FOB50CBEB8231109B5C6
&” sentinel-2 a&j SPOT
NAngeer ALADIM_IMAGE_ 0

NODATA

Input specifications ALADIM_SEG_SC

ALE
Beside the service parameters an archive folder containing the training set, the training areas (and aoi) in shapefile format is needed.

See the tutorial {tutorial) to create these inputs. ALADIM_SEG_CO O

LOR_WEIGHT
Output specifications

ALADIM_SEG_SH

« A shapefile (*.shp files) containing the landslides detected at an F2 optimal threshold. APE_WEIGHT

« An image (geotiff file format) containing all landslides detected at an F2 optimal threshold.

« Two documents (*.pdf files) presenting the cross-validation quality control (precision-recall
curves and acurracies of the parameters).

ALADIM_SEG_MI
N_SIZE

ALADIM_POSITIV
E_THRESHOLD

ALADIM_SHAPES https://recast.terradue.com/t2apl/search/depreza/results?

gﬁf; u n ita r 9 |_|nk to ALADI M data preparat|0n uid=4AFA3DA214TF67 FC3F13034E916F661DAB3B4EED 13

United Nations Institute for Training and Research



https://terradue.github.io/doc-tep-geohazards/tutorials/aladim_input_dataset_preparation.html?highlight=aladim

ALADIM-S2/VHR: processing flowchart

Image selection Input images

Mandatory : ‘-Q *mandatory input

A pair of Sentinel-2 images e X

/ \ (pre and post-event, from the
’“\ GEP-catalog)

. _
" ’?’“ B |

Mask creation DEM:
Cloud mask ':$ SRTM 30m

9 >
‘ “s\‘ «  One multi-spectral — e
- ‘g Sf;andsl R, G, B, NIR) image post-event NDVI threshold mask
ptional :
ALADIM-S2 +  One multi-spectral image pre-event

+  One panchromatic image post-event 4
*  One panchromatic image pre-event
(VHR-images provided by the user)

ost-event MS* A 4

Segmentation
(mean shift algorithm)

v

Pre-event panchro  post-event panchro

Input data

\ﬂ’ sentinel-2 f _.j/

Input

Mectonties [Candidate segments]
Mandatory -
+  Training samples
70N N G |
“ i"‘s’ *  Areaofinterest
* e Y,

extraction texture color

-
ALADIM-VHR topography shape

SPOT ?

Product

\ 4

Supervised Machine Learning (Random Forest) Inventory map

S,

A 4

j , O

& %5{ unitar /A

United Nations Institute for Training and Research
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Study case and image coverage: S2 vs. Pléiades

Typical landscape in West Pokot (Kenya)
- Difficult for EO automatic landslide detection

Bare soils, agricultural fields and landslides have similar
spectral behaviour

- Presence of previous landslides

Sentinel-2 image

Pléiades image

Use case / ROI




Landslide detection: area 1 — S2 vs. Pléiades vs. reference

S2:19/09/2019

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019

771250 771500 771750
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Landslide detection: area 1 — S2 vs. Pléiades vs. reference

S2:28/11/2019

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019

771250 771500 771750

17



Landslide detection: area 1 — S2 vs. Pléiades vs. reference

Pléiades: 28/11/2019 &

(available by

International Charter

and CIEST)

Sentinel-2:

i { Rl o by Rk ; : Pre-event: 19/09/2019
s Rl e P R ey Post:event 28/11/2019
"‘v*v e | f
g L o Pléiades: 28/11/2019
771250 771500 771

* : 4‘”",‘:. .

@) ?gi%unltar

United Nations Institute for Training and Research



Landslide detection: area 1 — S2 vs. Pléiades vs. reference

Unitar:
reference mapping

Sentinel-2:
Pre-event: 19/09/2019
Post: event 28/11/2019

5 Pléiades: 28/11/2019
771250 771500 771

{;ﬁ} ?gi%unitar

United Nations Institute for Training and Research



Landslide detection: area 1 — S2 vs. Pléiades vs. reference

S2: detection

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019

771250 771500 771750

20



Landslide detection: area 1 — S2 vs. Pléiades vs. reference

Pléiades: detection

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019

771250 771500 771750

) ?g%unitar

United Nations Institute for Training and Research



Landslide detection:; area 1 — S2 vs. Pléiades vs. reference

T TV by~

Pléiades: post-event

147250

SR =2 . » Unitar reference mapping focuses

g

on the largest landslides and most
impacted areas
* ALADIM detects all the Unitar

.
i reference mapping, and also
g smaller landslides on the upper
- P slopes
771250 V 771500

& ¥ o s M e T

Pléiades: detection

e . - ~— — N s PRAD —
771250 771500 771750 771250 5 771750 771250 5 771750



Landslide detection: area 2 — S2 vs. Pléiades vs. reference

S2:19/09/2019

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019
I Y WL Al e Pléiades: 28/11/2019
250 500 750 ol : ’ " .
N T 00O ..

-
771000 772000




Landslide detection: area 2 — S2 vs. Pléiades vs. reference

0 PSR B .
S2:28/11/2019 | ;o’... ke e
,' ) L i
gl - e R 1
,.«*,;f‘l,j : 2
N

IT‘.
!
l"4

~ DRITE e .
& - - .
‘ . ;, iy # :
. .
b {;. ¢ .-: u).‘"‘l"?- ] .
"
- ‘3 & '“.

:'."'; :'g!

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019

a0
771000 772000 773000




Landslide detection: area 2 — S2 vs. Pléiades vs. reference

Pléiades: 28/11/2019

(available by

International Charter

and CIEST)
Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019
Pléiades: 28/11/2019

{;‘i} g{i unitar 771000 : 0 ' — = 25

United Nations Institute for Training and Research



Landslide detection: area 2 — S2 vs. Pléiades vs. reference

Unitar:
reference mapping

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019

qs

n&:,u“ unitar 771000 772000 773000 26
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Landslide detection: area 2 — S2 vs. Pléiades vs. reference

S2: detection

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019
I Y v ot Pléiades: 28/11/2019
250 500 750 - | . : ' - .
N T 00O ..

-
771000 772000 773000




Landslide detection: area 2 — S2 vs. Pléiades vs. reference

Pléiades: detection

@) | ¥ unitar

United Nations Institute for Training and Research

771000

772000

773000

Sentinel-2:
Pre-event: 19/09/2019
Post:event 28/11/2019

Pléiades: 28/11/2019
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Landslide detection:; area 2 — S2 vs. Pléiades vs. reference

ALADIM detection

* Sentinel 2: landslide area: 18 km?
landslide number: 3622

* Pléiades : landslide area: 3.8 km?
landslide number: 2319

UNOSAT detection

* Pléiades : landslide area: 2.8 km?

! : : - g
Sentinel 2: detection & :




Discussion and Conclusion

» Recurrence of landslides affected by climate change in Kenya
= Swapping long and short term rainfall seasons
= Areas less-prone to natural hazards newly affected (due to land use changes?)

= |t is important to document the hazard events after each meteorological events for landslide hazard
management and disaster risk reduction to minimize fatalities

= Earth Observation data and user-oriented mapping tools are necessary in various phases of disaster risk
management (preparedness, emergency, recovery) such as for hazard mapping, impact and damage
assessment

» International Disaster Charter for Major Disaster and Rapid Mapping initiative (UNOSAT) :
iImpact and damages assessment maps within 1 day (3 to 5 days after the disaster happens
according to satellite data availability) for emergency response purpose in populated areas

» Landslide Detection Services: ALADIM is currently being upgraded by the service provider
CNRS/EOST (management of the training sets, other satellite sensor, mono-date vs. bi-date vs.
time serie detection) for further flexibility. Landslide mapping ready after preparation of training
datasets, processing and mapping of individual event over a larger area in about 1.5 days

Link to study brief

30



https://discuss.terradue.com/t/artificial-intelligence-for-disaster-mapping-with-the-aladim-services-how-gep-has-been-used-for-automated-landslide-detection-after-the-heavy-rains-of-november-2019-in-kenya/847?fbclid=IwAR2j8XtatiyEC82DY9xK4vGtAImv5VlaJYk3GP8cTzLJ5RA61oj_IHKN8U4

