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Supplementary Data

Data sources and details are provided in Table S1 and Table S2. Table S1
provides data sources and information about the indicators for the baseline
scenario with indicators that change in the future written in bold. Table S2
provides information about the indicators’ sources and assumptions for the
future scenarios.

Table S1. Data sources and specification for the indicators for the baseline
period. Cells in bold are assumed to change for the future scenarios

Data type and
year

Indicator Data details Data source

Hazard Component

Runoff: Mean runoff | Runoff:

30 year average - 5km | https://cds.climate.co
x 5km - VIC-WUR - pernicus.eu/cdsapp#!
RCA4 (SMHI, Sweden) | /dataset/sis-

- HadGEM2-ES (UK hydrology-variables-
Met Office, UK) - derived-

Version rlilp1l projections?tab=form
Rainfall: Mean rainfall | Rainfall:

30 year average - 0.11 | https://cds.climate.co
degrees - VIC-WUR - pernicus.eu/cdsapp#!
RCA4 (SMHI, Sweden) | /dataset/sis-

- HadGEM2-ES (UK hydrology-

Met Office, UK) - meteorology-derived-
Version rlilpl projections?tab=form
Burnt areas from
wildfires with size and

Runoff: NetCDF-4
(1971-2000)

1. Runoff coefficient
Rainfall: NetCDF-
4 (1971-2000)

https://effis.jrc.ec.eur

Esri Shapefile time of occurrence. A
2. Burnt Area (2012_2820) Selection for Spain and ona.eu/aDDh.catlons/d
. ata-and-services
for years 2012 until
2020
Exposure Component
https://sedac.ciesin.co
lumbia.edu/data/set/
Population density in | gpw-v4-population-
1. Population density ((323 (()); (I)§F Raster approximately 1km x | density-adjusted-to-
1km Version 4.11 2015-unwpp-country-
totals-rev11/data-
download
GDP in millions per https://datosmacro.ex
region in the Ebro pansion.com/pib/espa
2. GDP in millions Excel-file (2019) River basin (See na-comunidades-
‘EbroGDPTotal’ Excel- | autonomas?anio=201
file) 9

https://www.arcgis.co
Polylines of roads of | m/home/item.html?id

Esri Shapefile from
3. Distance from roads | Living Atlas

Spain =ff34eeee825c4b76a3
(2022) 2bfb0cb6al5b41
Geopackage with | Polylines of river https://land.copernic

4. Distance from river

Shapefiles (2019) | network of the Ebro us.eu/imagery-in-




River basin

situ/eu-hydro/eu-
hydro-river-network-
database?tab=downlo
ad

Vulnerability Component
https://land.copernic
. GeoTIFF Raster 25m_x 25m DEM us.eu/imagery-in-
1. Elevation Version 1.1. - E30N10 |~
(2019) & E30N20 situ/eu-dem/eu-dem-
vl.l
https://land.copernic
GeoTIFF Raster 25m-x 25m DEM us.eu/imagery-in-
2. Slope (2019) Version 1.1. - E30N10 situ/eu-dem /eu-dem-
& E30N20 Vil
https://zenodo.org/re
3. Land use/land GeoTIFF Raster 1km x 1km Global 7 cord/4584775#.ZBL1
cover (2015) land types map 4nbMK3D
https://www.openlan
dmap.org/#/?base=St
. amen%20(OpenStreet
(2)_5202(‘1;‘ ;tigr{‘];’]')f‘on Map)&center=42.3218
4. Soil texture GeoTIFF Raster classification soil =
(2021) texture classes at 2.4616&zoom=7.0750
10cm soil depth 25308026625&opacit
y=40&layer=sol textu
re.class usda.tt m&de
pth=10
https://esdac.jrc.ec.eu
1km x 1km Saturated ropa.eu/conFent/3d-
5. Saturated hydraulic | GeoTIFF Raster hydraulic conductivity —B;(Sizltzgagg?:&i‘co-pe- 1-
conductivity (2017) at 15cm soil depth km-and-250-m-
(KS-sl3.tif) e

resolution#tabs-0-
description=0

6. GDP per capita

Excel-file (2019)

Household income,
measured in GDP per
capita per region in
the Ebro River Basin
(‘EbroGDPperCapita’
Excel-file)

https://datosmacro.ex
pansion.com/pib/espa
na-comunidades-
autonomas?anio=201
9

7. Distance from fire
station points

Major fire stations
locations (2023) in
Excel file

Geographic
coordinates from
Google Maps for 25
major fire stations
(See
‘a02EbroMajorStation
Points’ Excel-file)

https://www.google.c

om/maps/




Table S2. Data sources and specification for the indicators for the future SSP-

RCP scenarios

. Data type and Data source
LG year Data details
Hazard Component
Runoff: Mean runoff
30 year average 2041-
2070, 2071-2100 - Runoff:
5km x 5km - VIC-WUR | https://cds.climate.cope

Runoff: NetCDF-4
for RCP2.6 &
RCP8.5 (2050,
2100)

- RCA4 (SMHI,
Sweden) - HadGEM2-
ES (UK Met Office, UK)

rnicus.eu/cdsapp#!/dat
aset/sis-hydrology-
variables-derived-

. - Version rlilpl projections?tab=form
Runoff coefficient . . .
. Rainfall: Mean rainfall | Rainfall:
Rainfall: NetCDF- :
4 for RCP2.6 & 30 year average 2041- | https://cds.climate.cope
RCPS.5 (20'50 2070,207-2100 - 0.11 | rnicus.eu/cdsapp#!/dat
2100j ’ degrees - VIC-WUR - aset/sis-hydrology-
RCA4 (SMHI, Sweden) | meteorology-derived-
- HadGEM2-ES (UK projections?tab=form
Met Office, UK) -
Versionrlilpl
Seasonal FWI (June, htt. s://cds.climate.cope
rnicus.eu/cdsapp#!/dat
NetCDF-4 for July, August & aset/sis-tourism-fire-
FWI RCP2.6 & RCP8.5 | September) for 2050

(2050, 2100)

and 2100 - multi-
model mean case - v2.0

danger-
indicators?tab=form

Exposure Component

Population density

GeoTIFF Raster
SSP1-RCP2.6 &
SSP5-RCP8.5
(2050, 2100) &
Excel file

Population density in
approximately 1km x
1km Version 4.11
adapted to future
assumptions

Future assumptions:
OECD country
Population variable
from ITASA SSP Public
database Version 2.0
(See
‘EbroPopulationDensit
yFuture’ for more
details

https://sedac.ciesin.colu
mbia.edu/data/set/gpw
-v4-population-density-
adjusted-to-2015-
unwpp-country-totals-
revl1/data-download

Assumptions for future
growth:
https://tntcat.iiasa.ac.at
/SspDb/dsd?Action=ht
mlpage&page=40

GDP in millions

Excel-file (2019)
+ Excel-file for
SSP1-RCP2.6 &
SSP5-RCP8.5
(2050, 2100)

GDP in millions per
region in the Ebro
River basin adapted to
future assumptions

Future assumptions:
OECD country
GDP|PPP variable from
IIASA SSP Public
database Version 2.0
(See
‘EbroGDPTotalFuture’
for more details

https://datosmacro.exp
ansion.com/pib/espana-
comunidades-
autonomas?anio=2019

Assumptions for future
growth:
https://tntcat.iiasa.ac.at
/SspDb/dsd?Action=ht
mlpage&page=40

Vulnerability Component




Land use/land cover

GeoTIFF Raster
for SSP1-RCP2.6
& SSP5-RCP8.5
(2050,2100)

1km x 1km Global 7
land types map for the
future

https://zenodo.org/reco
rd/4584775#.ZCGFUnZ

By3D

Distance from fire
station points

Major fire
stations locations
SSP1 & SSP5
(2050, 2100)

Geographic
coordinates from
Google Maps in Excel
file adapted to future
assumptions

Future assumptions:
Based on article from
Ebi (2014).

SSP1:

2050 :+8 stations
2100: +2 stations

SSP5:

2050: +3 stations
2100: +4 stations

(See
‘EbroMajorFireStation
s(scenario,year)’ for
more details )

https://www.google.co

m/maps/

Assumptions for future
growth:
https://doi.org/10.3390
/ijerph110100030




Supplementary Method
Analytical Hierarchy Process

After the indicators have been reclassified according to the risk classes (Section
2.4.2-2.4.4), the weights for each indicators need to be defined based on the
importance of indicators on floods. Expert interviews in the field of natural
disasters were held to give their judgements on the importance of different
indicators contributing to flood risk and explain their choices. All experts have a
background in wildfire risk, flood risk or in multi-risk in terms of natural
hazards. A template in the form of an Excel-file from Goepel (2013) is used to
execute the AHP. According to Roy et al. (2021) the AHP can be structured into 4

main steps:
1. Filling in the pairwise comparison matrix for both indicators as well as
components

2. Normalization of the weights

3. Calculating the Consistency Index (CI) to check whether answers of experts
are consistent

4. Calculate the Consistency Ratio (CR) by checking the CI with the Random
Index (RI)

Step 1
During the interviews, the experts are asked to pairwise compare the indicators

and components in the form of a matrix, as shown in Equation S1 and rank them
on a scale of 1-9 in which a score of 1 means that the indicators/components are
equally important and 9 that one has extreme importance over the other. The
reciprocal values are taken for the inverse comparison. This scoring is based on
the Saaty (1988) scale, as presented in Table S3.

Table S3. Scale of importance for pairwise comparisons (Saaty, 1988)

Value Scale of importance

1 Two indicators/components have equal importance to each other

3 Moderate importance of one indicator/component over the other

5 Strong importance of one indicator/component over the other

7 Very strong importance of one indicator/component over the other

9 Extreme importance of one indicator/component over the other

2,4,6,8 Intermediate values between adjacent value

Reciprocals (1/2, | The inverse comparison between the concerning indicators/components
1/3,...1/9)

In total there are four matrices the experts need to fill in: one for the hazard
indicators, one for the exposure indicators, one for the vulnerability indicators,
and one for the components itself. The pairwise comparison matrix A for an N x
N matrix is shown in Equation S1 and is adapted from Roy et al. (2021) and
Gupta and Dixit (2022). The criterion for A is that A = aij in which a is the
indicator or component in the ith row and in the jth column.




1 al2 .. alj

a2l 1 .. a2j

A= s1)

ail a23 .. aij
A is the pairwise comparison matrix receiving the Saaty’s values for indicators in
each component (Hazard, Exposure, Vulnerability, or Components itself) and

where aij is the indicator or component value in the ith row and compared to
indicator or component in the the jth column.

Step 2
When the experts have given their judgements, the scores have to be aggregated,

averaged, and normalized by using the weighted geometric mean, which are
adapted from Goepel (2018) and Roy et al. (2021). Since there are multiple
experts, the normalized weights need to be aggregated and averaged to get the
final weights given by the experts (Xij) as shown in Equation S2.

Th=1 Waionaije
Xij =e k 1N() aij(k) SZ)
Yr=1Wk)

Where X is the final weights based on the consolidation of weights from all
experts for the indicators or components in the ith row and the jth column, w is
the weight given by each expert (k), a is value of the indicator or component for
the expert k in the ith row and the jth column and N is the number of indicators
or components.

Step 3
In order to calculate the Consistency Index, the principle eigenvalue needs to be

generated (Amax, Eq. S3), which are the maximum priorities, or the summed
normalized weights for each row divided by the number of indicators or
components, which is adapted from Aydin and Birincioglu (2022). Once the
principle eigenvalue is calculated, the CI (Eq. S4) can be calculated according to
Roy et al. (2021).

1 .
Amax = ~ D=1, S3)

S4)

n-1

where Amax is the principle eigenvalue, Nw the normalized weight for the
indicator or component in the ith row, w the weight for the indicator or
component in the ith row, n is the number of indicators or components, CI is the
consistency index.

Step 4
To make sure the experts’ judgements are consistent and to correct for biases of

the experts, a consistency check is necessary. To check consistency, a
comparison between CI and RI has to be performed, which then generates CR
(CR=CI/RI). The RI gives different values depending on the number of criteria



that is selected for the indicators or component (Kazakis et al.,, 2015). The RI
values presented in Table S4 are: 0 due to 2 parameters present in the Flood
Hazard Index (FHI), 0.58 due to 3 components present in the flood risk equation,
0.9 due to 4 parameters present in the Flood Exposure Index (FEI), and 1.32 due
to 7 parameters present in the Flood Vulnerability Index (FVI). The CR should be
lower than 0.10 to be able to make sure the respondents weighting is consistent

and validated (Roy et al., 2021).

Table S4. Random Index (RI) table to calculate the CR for the number of criteria
(adapted from Saaty, 1988). Bold numbers are the RI values for different
components and flood indices.

Number 1 2 3 4 5 6 7 8 9

of

criteria

RI value 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45
FHI C FEI FVI




Supplementary Figures
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Figure S1. Spatial distribution of the classification for the hazard indicators for

the baseline scenario with a) the burnt area and b) the runoff coefficient.
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Figure S2. Spatial distribution of the classification for the exposure indicators
for the baseline scenario with a) the population density, b) the total weighted
average GDP, c) the distance from roads, and d) the distance from river.
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Figure S3. Spatial distribution of the classification for the wvulnerability
indicators for the baseline scenario with a) the elevation, b) the slope steepness,
c) the soil texture, d) the land cover/ land use, e) the saturated hydraulic
conductivity with wildfire effects, f) the saturated hydraulic conductivity without
wildfire effects, g) the GDP per capita, and h) the distance from fire stations.
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Figure S4. Spatial distribution of the FHI without wildfire effects for a) SSP1-2.6
year 2100 and b) for SSP5-8.5 year 2100, and with wildfire effects for c¢) SSP1-2.6
year 2100 and d) SSP5-8.5 year 2100.
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Figure S5. Spatial distribution of the runoff coefficient classification for a) SSP1-
2.6 year 2100 and b) for SSP5-8.5 year 2100.
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Figure S6. Spatial distribution of the FEI for year 2100 based on a) SSP1-2.6 and
b) SSP5-8.5.
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Figure S7. Spatial distribution of the FVI without wildfire effects for a) SSP1-2.6
year 2100 and b) for SSP5-8.5 year 2100, and with wildfire effects for c¢) SSP1-2.6
year 2100 and d) SSP5-8.5 year 2100.
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Figure S8. Spatial distribution of saturated hydraulic conductivity with wildfire
effects for a) SSP1-2.6 year 2100 and b) for SSP5-8.5 year 2100.
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Figure S9. a) Flood risk map without wildfire effects in the Ebro River basin for
SSP1-2.6 year 2100, b) distribution of flood risk classes without wildfire effect
for SSP1-2.6 year 2100 corresponding to surface area in km?, c) same as a but
with wildfire effect, and d) same as b but with wildfire effect.
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