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1. Background: Uncertainties regarding the input products of the global 4. Results (extract):
flood modelling chain: : ,‘
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2. Case Study: Eight historical flood events spread over four continents and 5. Conclusion: (a) For most events, the simulated inundation extent is

various climate zones relatively insensitive to the choice of climate forcing and global
3. Method: Evaluate input sensitivity by comparing simulated flood extent hydrological model (b) For some events, however, individual
to satellite imagery using model agreement maps and spatial combinations lead to much lower agreement with observations than
performance metrics the others, mostly resulting from an overestimation of inundated areas.
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1. Global Flood-Modelling Chain

33 x Model Combination

1 x Global Hydraulic
Model

3 x Climate Forcings 11 x Global Hydrological

Results

Models

/7 /7 7/ 7/
/7 /7 7/

1

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project

CaMa-Flood

Gridded Water Level (cm) /
Flooded Area (%)

33 model and forcing combinations leading to 33 different outputs of the
global flood model CaMa-Flood . Are the input
products interchangeable or are some combinations to be favored?
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2. Case Study - Overview

* Eight major floods on four continents, covering a
variety of climates and hydraulic characteristics

e Evaluation using model agreement maps and
spatial performance metrics

* Testing the effect of a flood-volume adjustment

procedure (,,adjust”)
and the inclusion of spatially explicit

flood protection levels (,protect”)
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3. Case Study - Validation with MODIS satellite imagery

Example:
Flooding in the Mun River Basin

Phimai in Thailand (2010)

turquoise = flooded area

yellow = area of interest

Satellite Data: 7 : : -
Dartmouth Flood Observatory (DFO) (https://floodobservatory.colorado.edu/) (Brakenridge 2006)
UNOSAT Flood Portal (UFP) (http://floods.unosat.org/geoportal/catalog/main/home.page
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4. Results — Model Agreement Maps

Phimai (Thailand, 2010) — Model agreement of 1 x hydrological model with ,,PGFv2“ forcing:

PGFv2
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4. Results — Model Agreement Maps

Phimai (Thailand, 2010) — Model agreement of 11 x hydrological models with ,,PGFv2“ forcing :

Mester et al., 2021 under review

Model
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4. Results — Model Agreement Maps

Phimai (Thailand, 2010)— Model agreement of 11 x hydrological models with three forcings:

GSWP3 WFDEI

Mester et al., 2021 under review
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4. Results

Sayaxché (GTM)

Trinidad (BOL)

Chemba (MOZ)

Lokoja (NGA)*

Model Agreement

No Flooding 1 2 3 4 5 6 7 8 9 10 11

Idah (NGA)*

Mester et al., 2021 under review

Model agreement map indicating the flood extent overlap between the 11 GHMs and the satellite data for each study
region (row) and climate forcing (column). The cell color represents the number of GHMs that computed the
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—_ = corresponding cell to be flooded. The underlying flood extent of the satellite imagery (light grey) is assigned a dark
= color tone if it matches with at least one GHM. For the 2012 flood in Lokoja (NGA) and Idah (NGA) (marked with an
K asterisk *), only eight GHMs, driven with PGFv2, were available. 9
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4. Results

Alipur (PAK)

Ghotki (PAK)

Phimai (THA)

Huainan (CHN)

Dalby (AUS)

E- - Mester et al., 2021 under review
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4. Results

Csli

Critical successs index (CSI) scores
for all combinations of GHMs and
PGFv2 (top), GSWP3 (middle), and
WEFDEI (bottom) forcing. The
“Median Region” across the even
number of regions is calculated as
the mean of the two middle values.
Lokoja (NGA) and Idah (NGA)
(marked with *) were excluded
from the computation of the
“Median Region”. “-“ means no
input data was available and a
black box indicates the best-
performing GHM(s) for a given
region.

PGFv2 LM DBH  Ho8 Juv'fls' IPJmL  MATSIRO  MP-HM  ORCHIDEE GLZ‘::;VB VIC  WaterGAP2 %:d:s" (".WH';'AS 2":“’;'5 SG":;:
Sayaxché (GTM) | 052 055 052  0.53 053 056 052 052 054 053 056 053 052 o0s6 | %%
Trinidad (BOL) | 047 051 | 052 | 050 051 034 052 051 048 043 051 051 034 052 | o01s
Chemba(MOZ) | 043 | 071 | 068 067 067 0.00 0.40 071 053 0.00 056 056 000 | 071 | 071
Alipur (PAK) | 023 037 039 035 0.40 011 034 036 0.44 039 038 037 011 044 | 033
Ghotki(PAK) | 020 034 042 034 035 011 034 032 043 038 0.41 034 011 043 | 032
Phimai (THA) | 044 046 041 [ 050 047 049 045 045 044 043 050 0.45 041 050 | 0.09
Huainan (CHN) | 038 034 039 038 039 046 0.43 0.42 032 0.39 0.40 039 032 046 | 014
Dalby(AUS) | 024 017 022 0.6 0.19 024 024 020 021 0.26 026 022 016 026 | 010
Lokoja (NGA)* | - 073 074 074 074 076 0.68 072 . 0.75 074 068 076 | 008
1dah (NGA)* 5 5 066 069 0.69 060 070 0.60 0.60 . 0.69 068 060 070 | 010
MedianRegion | 040 042 042 044 0.44 029 042 0.44 044 0.39 0.45 0.42 024 048 | 016

GSWP3 CIM  DBH  Ho8 Ju‘;fls' LPJmL  MATSIRO  MP-HM  ORCHIDEE GL';?‘;VB VIC  WaterGAP2 “g:d“i:s" "::";‘ns x;ls sé::::
Sayaxché (GTM) | 053 056 054  0.56 055 058 | 054 054 056 055 056 055 053 058 | 005
Trinidad (BoL) | 053 | 054 | 054 | 053 0.54 0.49 053 054 053 0.46 053 053 046 054 | 008
Chemba(MOZ) | 069 | 071 | 070 060 071 053 070 062 071 0.00 053 0.69 000 | 071 | 071
Alipur (PAK) | 032 033 036 033 035 033 035 035 036 035 | 037 035 032 037 | oos
Ghotki (PAK) | 034 040 | 044 | o035 035 0.42 043 034 0.42 0.40 034 0.40 034 044 | 010
Phimai (THA) | 046 045 042 [ 050 0.47 041 047 0.46 045 0.43 0.46 0.46 041 050 | 0.09
Huainan (CHN) | 028 028 029 033 030 038 031 031 028 031 032 031 028 038 | 010
Dalby(AUS) | 023 018 024 0.8 0.20 023 025 022 022 0.26 025 023 018 026 | 0.08
Median Region | 040 043 043 042 041 042 045 0.40 044 038 0.42 0.43 033 047 | 009

WEFDEI LM DBH  Ho8 ’Uv'f:' LPJmL  MATSIRO  MP-HM  ORCHIDEE GL';?‘;IB VIC  WaterGAP2 '2:":;‘5" ("_'"H';'As 2’:‘3’;5 2’::;:
sayaxché (GTM) | 052 | 053 | 050 051 051 053 050 051 053 051 052 051 050 053 | 003
Trinidad (BOL) | 053 053 | 054 | 054 0.54 053 054 0.54 054 051 053 054 051 054 | 003
Chemba (MOZ) | 065 | 071 | 070 061 071 055 0.66 071 071 0.00 0.49 0.66 000 | 071 | 071
Alipur (PAK) | 027 036 037 [ 038 036 030 036 034 037 031 038 036 027 038 | o011
Ghotki(PAK) | 037 034 | 048 | 040 035 047 047 037 0.44 0.42 0.41 0.41 034 048 | 014
Phimai (THA) | 047 046 041 [ 050 0.47 0.49 0.47 047 046 0.45 0.49 0.47 041 050 | 0.09
Huainan (CHN) | 029 028 030 032 031 037 033 032 027 031 031 031 027 037 | 010
Dalby(AUS) | 025 018 024  0.20 0.20 027 025 025 022 026 027 025 018 027 | 009
MedianRegion | 042 041 044 045 0.42 048 047 0.42 045 036 0.45 0.44 031 049 | 010
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I PGFv2 CLM DBH  Hos "::ff LPJmL MATSIRO MPI-HM  ORCHIDEE GLPOC:\;IB VIC  WaterGAP2 '2:":: é\:'ii;l's 2:;:5 s(;::;::
4 ® R e S u t S Sayaxché (GTM) | 028 018 029 023 025 | 017 0.29 028 02 025 017 025 017 029 | o012
Trinidad (BOL) | 015 -0.04 003 -0.08 IE -0.38 0.01 0.02 012 02 -0.04 004 038 003 | o041 .
Chemba (M02) | -0.38 004 006 -006  -100 -0.41 007 026  -1.00 023 023 100 007 | 107 Bias
Alipur (PAK) | 0.44 059 021 067 040  -0.76 -0.25 001 027 013 0.56 021 076 067 | 143
Ghotki (PAK) | -0.38 048 -0.09 050  0.26 -0.80 0.32 0.24 0.09 M 0.26 002 08 050 130 B | as scores fo ra | | com b | nat | ons of
Phimai (THA) | 046 038 058 | 017 | 033 030 0.42 045 042 050 021 042 017 058 | o041
(top)
Huainan(CHN) | 046 070 044 050 043 | 013 0.30 034 072 044 0.36 044 013 072 | o059 G HM sand PGFv2 (to P), GSWP3
Dalby (AUS) | 0.41 - 1.32 - 170 | o017 084 171 150 063 0.61 132 017 - 213 ( middle ) »an d WFDEI ( bottom )
Lokoja (NGA)* | - - 016 006 013  -002 0.10 022 - 0.07 009 004 022 | o026 forci ng. Positive (negatiVG) scores
Idah (NGA)* . - 024 | 006 | 018  -008 012 032 -0.09 - 0.08 010 009 032 | o041 reflect an ove rpre diction
MedianRegion | 007 043 025 036 030  -0.12 015 018 024 019 024 023 012 054 | o083 ( unde rpre diction ) in simulated
— S ——— - flood extent in comparison with
GSWP3 CIM  DBH  HO3 JULESW1 LPImL MATSIRO MPLHM ORCHIDEE "0 =~ vic  watergapz [ ‘o B0 M8 | BEeC satellite i magery. The “Median
Sayaxché (GTM) | 027 017 024 017 020 | 0.10 | 023 023 016 021 0.16 020 010 027 | 017 .
Region” across the even number of
Trinidad (BOL) | 0.05 005 011 | 002 | 008  -0.09 0.10 0.09 | 0.02 | 0.15 | 0.02 005 015 011 | 026 ’ .
Chemba(MOZ) | 002 009 012 -017 007  -027 0.22 006  -1.00 -0.26 000 100 022 | 122 regions is ca Iculated as the mean of
Alipur (PAK) | 029 | 077 o051 o081 o071 030 034 038 061 052 054 052 029 081 052 t h e two mi d d | e va | ues. Lo kOJ d
Ghotki (PAK) | -0.04 038 002 052 0.49 0.14 -0.12 0.26 0.25 0.49 0.25 014 052 0.66 ( N GA) an d |d a h ( N GA) ( ma rked
Phimai(THA) | 038 041 053 019 033  -0.19 037 039 041 047 -0.07 038 019 053 | 072 . * )
Huainan(CHN) | 1.14 106 102 074 094 | 060 0.95 090 109 085 084 094 o060 114 | o054 with We re exclud e”d fro m the
Dalby (AUS) | 0.38 - 0.88 ‘ 198 162 087 0.02 | 133 140 039 0.50 088 002 204 comp utation of the “Median
MedianRegion | 0.28 040 038 036 041 001 0.6 030 034 032 032 032 006 052 | 060 REg ion”. “-“ means no in P ut data
was available and a black box
WFDEI CLM DBH  HO8 JULES-W1 LPJmL MATSIRO MPI-HM  ORCHIDEE GL':::\;VB VIC  WaterGAP2 '2:"35" g'i“’;l's g:;:s '2::;': | n d | catest h e b est- p e rfo rm | n g
sayaxché (GTM) | 030 | 024 | 037 031 033 027 036 034 027 033 0.28 031 024 037 013 GHM (S) fO ra give nre gl on.
Trinidad (BOL) | 001 005 009 004 007 0.07 007 004  -0.06 -0.01 004 006 009 | 015
Chemba(MOZ) | 009 010 012 -017 007  -0.24 -0.07 0.09 005 | -100  -031 007 100 o012 | 112
Alipur (PAK) | 027 059 050 050 066 027 037 024 049 033 052 049 024 066 | 042
Ghotki (PAK) EI 047 010 019 042 015 -0.08 -0.24 015 007 0.26 010 024 047 | o7
Phimai (THA) | 035 039 054 011 036 016 035 036 039 042 0.01 03 001 054 | o053
( ) J Huainan(CHN) | 1.06 111 097 081 090 | 064 084 086 112 o087 087 087 o064 112 | o048
el Dalby(AUS) | 019 | 1.89 097 168 161 | 016 0.29 102 132 037 0.48 097 o016 | 189 | 173
= Median Region | 023 043 044 025 039 016 032 029 033 033 027 034 008 050 | o051
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4. Results — Spatial Performance Metrics

Bias Score Comparison

CSI Score Comparison
BN PGFv2 > BN PGFv2
GSWP3 GSWP3
D s o S e WFDEI
[ o
0.5 f------- L
= [ T T -
(@) o 0.0
—osl ----------- -
157y T RO ) v diss st _L__l _______ __L__J.____
default adjust protect adjust + protect default adjust protect adjust + protect
Comparison of CSI and Bias scores between the default setting (“default”), flood-volume adjustment procedure (“adjust”), inclusion of spatially explicit flood protection
levels of FLOPROS (“protect”) and a combination of the latter two (“adjust + protect”) for the climate forcings PGFv2, GSWP3 and WFDEI. The regions Lokoja (NGA)
and Idah (NGA) were excluded from the computation.
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5. Conclusion

* For most events, the simulated inundation extent is relatively insensitive to the choice of climate
forcing and global hydrological model. For some events, however, individual combinations lead
to much lower agreement with observations than the others, mostly resulting from an
overestimation of inundated areas

* Neither a flood volume adjustment procedure, nor accounting for flood protection, lead to clear
improvements

* Bias Scores: Overestimation (,,default”) and underestimation (,,adjust” and/or ,protect”) of flood
extent translate into high differences of simulated affected people

— A multi-model, multi-forcing ensemble approach (such as ours) is recommended when there is
no prior knowledge about a certain combination’s performance for the specific type of region
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Questions & Answers

Email: benedikt.mester@pik-potsdam.de
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