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Why FURIFLOOD? ,qu
Current challenges... Vo

FURIFLOOD

Petrol station

explosion after Floods are the most frequent,
Cf_’”hSﬁCU“VG da¥5” costliest or deadliest hazards in
with heavy rainfa :
(Accra, Ghana, 5th West Africa
Jun 2015)
@ Top hazard for number of deaths
-‘ B Top hezard for gconomic losses
m Flood |Source: CRED)

Floods Kumasi/Accra | ARGl iEans om
(Ghana) in June 2018 Senegal ®F  Mai@®  Niger
Cabo Verde“‘: :

® Gambia”
Kunai 28th lu2(8 ﬂnoding ' = Accra, 18th June 2018 ﬂooding G u I' nea-B-ISSEI u / Ni.ggia
® Guinea /
@ Sierra Leone ...
Floods Lower Mono o Benin
: @ Liberia Togo
(Togo) in October _ ol
2019 @ Cote d’lvoire ./
@M Burkina Faso Gga.na Gabon /

Cullmann et al. (2021)
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Why FURIFLOOD?

... and future challenges

More intense daily (extreme)
rainfall in the future

Maximum 1-day precipitation (RX1day) - Change (%)
Long Term (2081-2100) (SSP5-8.5) (rel. to 1986-2005)
CMIP& - Annual (33 models)

Higher discharge
in the future

&

([P

FURIFLOOD

Source: IPCC ARG6 (2021)

Retreating shorelines
in the future

-0.2 -0.1-0.05 -0.02-0.01 0 0.01 0.02 0.05 0.1 0.2
m3s~ km?

-200 -150 -100 -50 -10 10 50 100 150 200
m

Change in daily rainfall maximum is projected to
be positive over whole of West Africa

Strongest projected increase for the
West African forest zone

Retreat of coastline likely exacerbates
urban flood risk
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Why FURIFLOOD? A,
Research guestions

I
FURIFLOOD

1. What is ,extreme” rainfall in present days over
West Africa?
2. \What can extreme rainfall be in future times?

Meteorology
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Datasets and methods @

FURIFLOOD
Extreme value analysis (EVA): Modeling the tail end of the rainfall distribution
»Block maxima® approach® SRR,
Sampling of annual rainfall maxima =it <« Here: Fitting with Gumbel distribution (¢ = 0)

Fitting of ,Generalized extreme value —
distribution (GEV)* via maximum likelihood
estimation (MLE) — Modeled

X — U -1/¢& 95% confidence interval
GEV(x) = exp| — IE( )]

0.10 e Data .
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¢, o, u = shape, scale, location parameters

Return value (RV) and Return period (T

- T = 1/p = Average ,waiting time“ until
considered RV is exceeded

Return value [mm]
(os]
o

(=]
o

- ed.,p=001 -T =100years

40

RV = GEV™1(1 - p) v

1 2 5 10 20

Return period [years]
IT




Datasets and methods @

FURIFLOOD

15°N

o Mean daily rainfall amount (2001-2020 mean)

www.eoportal.org

Availability of rainfall stations from Integrated Multi-satellite Retrievals for GPM
the Karlsruhe African Surface Station- (IMERG V6B, Huffman et al. (2015)),
Database (KASS-D, Vogel et al. (2018)) with Ax = 0.1° / At = 30 mins,
at least 80% data coverage in 2001-2020 data availability since June 2000
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Results: Present-day _ “43
return values over West Africa (P

FURIFLOOD

Return values (RVs) of daily rainfall at 50-year return neriod

Ensemble median & IQR

220 ' e 0-200 km

L Coast .
- 250 W |l
600-800 km
15°N 15°N = 2255 = 800-1000 km
G e 180 ' e 1000-9999 km 1
\ T 200 E e : ;
| -175 5 e
E v H : |
10°N 10°N | F150 > g™ |
q E 5 120
-125 3 E:
8 100
- 100 >
5°N < 5°N =75 : \
L 50 60
20°W o -~ = ° ° ° 15°E 1 2 5 10 20 30 40 50 Sahel
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Abidjan (CIV): Accra (GHA): Lagos (NGA): RV magnitudes are a function of the distance
IMERG: 171 mm IMERG: 154 mm IMERG: 188 mm to the coastline (see right plot)

Coastal regions are exposed by highest RVs
in the West African domain
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Results: Present-day _ “43
return values over West Africa (P

FURIFLOOD

Return values (RVs) of daily rainfall at 50-year return period

Ensemble median & IQR
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Abidjan (CIV): Accra (GHA): Lagos (NGA): RV magnitudes are a function of the distance
IMERG: 171 mm IMERG: 154 mm IMERG: 188 mm to the coastline (see right plot)

Station: 247 mm Station: 218 mm Station: 249 mm

Coastal regions are exposed by highest RVs
in the West African domain
RVs underestimated by IMERG
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Projection of future Az
return values over West Africa

'

v

FURIFLOOD

Approach: Adjusted Delta method (Fontolan et al., 2019)

« Imprint climate change signals from global circulation
models (GCM) on GEV parameters of IMERG and
stations

XGCM_future/XGCM_present = A4X

XIMERG present X AX = XiMERG future = X

with X = GEV parameter

v

( x—u -1/%"
GEV™ (x) = exp —[E*( — )]

&*,0",u"= shape, scale, location parameters in a future
state
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Projection of future _ “43
return values over West Africa (P

FURIFLOOD

Approach: Adjusted Delta method (Fontolan et al., 2019) Dataset: NEX-GDDP-CMIP6 (Thrasher et al., 2022)

« Imprint climate change signals from global circulation
models (GCM) on GEV parameters of IMERG and
stations

* NASA Earth Exchange Global Daily Downscaled
Projections

« 24 statistically downscaled CMIP6
climate models used for Delta method,
daily rainfall, temperature, radiation, etc.
data at 0.25°x0.25°

XGCM_future/XGCM_present = A4X

— — *
XIMERG present X AX = XiMERG future = X

with X = GEV parameter

v

( X—u -1/%"
GEV™ (x) = exp —[6*( — )]

&*,0",u"= shape, scale, location parameters in a future i
state Shown here: Results for longterm period

‘| + Bias-corrected and spatially
disaggregated daily data of precipitation

« ,Historical” run (1950-2014) -
1985-2014 used here

(2071-2100) and SSP5-8.5

KIT



Results: Projected _ A
return values over West Africa

r
FURIFLOOD

Median change [%] of 50-y Return values (RVs) (2071-2100 / SSP5-8.5)

- 100
15°N

[ 80 Increase of
extreme rainfall
S magnitude in entire
'" 0 West African
domain

10°N

5°N

=0 Coastal regions
and central Sahel
with strongest
relative increase

20°W

Abidjan (CIV): Accra (GHA): Lagos (NGA):
IMERG: 259 mm (+51%) IMERG: 252 mm (+63%) IMERG: 346 mm (+84%)

Station: 358 mm (+45%) Station: 362 mm (+66%) Station: 454 mm (+82%)
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A

return values over West Africa FU}'{ﬁ

Results: Projected

Clausius-Clapeyron (CC) considerations: Change of 50-y RV per K (in %) (2071-2100 / SSP5-8.5)

15°N

Temperature data from
NEX-GDDP-CMIP6

LN Majority of West Africa
beyond CC-scaling
(>7%)
5°N
0°W RV increase in some
coastal areas beyond
— x3 of CC-scaling
Abidjan (CIV): Accra (GHA): Lagos (NGA):
IMERG: + 15% IMERG: + 18% IMERG: + 22%
Station: + 13% Station: + 17% Station: + 23%
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Results: Projected _ “43
return values over West Africa (P

FURIFLOOD

Uncertainty of projected 50-y RV estimation: Interquartile range (IQR)

- 100
15°N
B High uncertainty (large
- IQR) among CMIP6 models
c in regions with largest
i a5 © relative change in RV (=
coastal areas)
- 20
5°N Example Lagos:
-0 Median RV: 346 mm
20°W 15°wW 109" 5°W 0° 5°E 0°E 15°E IQR = [292 mm, 407 mm]
Abidjan (CIV): Accra (GHA): Lagos (NGA): Uncertainty of CC-scaling

accordingly

IMERG: [215 mm, 292 mm)] IMERG: [228 mm, 279 mm)] IMERG: [292 mm, 407 mm)]
Station: [270 mm, 352 mm] Station: [285 mm, 327 mm)] Station: [341 mm, 491 mm]
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Are climate change signals regarding

extreme rainfall already observable or
perceptible?
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.. potentially yes @

FURIFLOOD

Multiple >300 mm/d events in Abidjan (CIV) in recent history

l

19 June 2018 case investigated in

Toure et al., (2025) (submitted to
Monthly Weather Review)

i) 2018-06-19T07:08

302 mm 320 mm

on 19 June 2018

3'd highest ever Highest ever

on 13 June 2024

Last event over 300 mm in Abidjan: 21 June 1983 (311 mm)

KIT



Summary & conclusion @

FURIFLOOD

= Extreme value analysis (EVA) on in-situ and satellite-
based IMERG rainfall data for West Africa:

= Highest return values (RVs) found along West African
coast - dense and vulnerable population

15°N
10°N

= IMERG underestimates RVs - necessity of reliable 5oN
station data

= Estimation of future RVs using NEX-GDDP-CMIP6

= Strongest positive change (with large uncertainty) of future
50-year RVs along Guinea coast

20°W 15°W 10°W 5°W 0° 5°E 10°E 15°E

= Super Clausius Clapeyron scaling (>>7% per K) at the 15°N
West African coast region

= Cases of unprecedented extreme rainfall in recent 10°N
history in the West African coast region

20°wW 15°W 10°W 5°W 0° 5°E 10°E 15°E
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