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Supplementary Figure 1| Hotspots for the joint occurrence of the remaining hazard pairs
including combinations of high precipitation (highP), high storm surge (surge), heatwaves
(HW), low streamflow (lowQ), high temperatures (T), low precipitation (lowP), meteorological
drought/low SPI (drought), high McArthur forest fire danger index values (FFDI), high wave
heights (waves), high streamflow (highQ), and high probabilities of large hail (hail). Joint
occurrences are given as return period of the actual probabilities derived from the data
thereby allowing the direct comparison of different panels and to Fig. 1 and Supplementary
Fig. 1. Only statistically significant values are shown (p < 0.05); statistically insignificant values
are masked (white). Grey areas indicate regions without data coverage (Supplementary Fig.
9) or regions where percentile values of at least one hazard falls below the minimum required
percentile value (Supplementary Table 2) or polar latitudes which are not taken into account
in this study. Note that even though the data for T and highQ CEs in panel 1d are pointwise
significant, the pair fails the field significance test (Supplementary Fig. 10). The pairing of high

precipitation and meteorological drought (highP and drought) is omitted as it shows no

return period(yrs)

statistically significant data points.
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Supplementary Figure 2| Hotspots for the likelihood multiplication factor (LMF) of compound
events related to dry conditions including meteorological drought (drought) and hydrological
drought (lowQ) in combination with heatwaves (HW), extreme temperature (T), forest fire
danger index (FFDI) and low streamflow (lowQ). Only statistically significant values are shown
(p < 0.05); statistically insignificant values are masked (white). Grey areas indicate regions
without data coverage (Supplementary Fig. 9), or regions where percentile values of at least
one hazard falls below the minimum required percentile value (Supplementary Table 2) or

polar latitudes which are not taken into account in this study.
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Supplementary Figure 3| Hotspots for the likelihood multiplication factor (LMF) of compound
events related to wet conditions, combining high precipitation (highP), strong winds (wind),
high probability of large hail (hail), high streamflow (highQ) and high storm surge (surge). Only
statistically significant values are shown (p <0.05); statistically insignificant values are masked
(white). Grey areas indicate regions without data coverage (Supplementary Fig. 9), or regions
where percentile values of at least one hazard falls below the minimum required percentile

value (Supplementary Table 2) or polar latitudes which are not taken into account in this

study.
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Supplementary Figure 4| Hotspots for the likelihood multiplication factor (LMF) of the
remaining hazard pairs including combinations of high precipitation (highP), high storm surge
(surge), heatwaves (HW), low streamflow (lowQ), high temperatures (T), low precipitation
(lowP), meteorological drought/low SPI (drought), high McArthur forest fire danger index
values (FFDI), high wave heights (waves), high streamflow (highQ), and high probabilities of
large hail (hail). Only statistically significant values are shown (p < 0.05); statistically
insignificant values are masked (white). Grey areas indicate regions without data coverage
(Supplementary Fig. 9), or regions where percentile values of at least one hazard falls below
the minimum required percentile value (Supplementary Table 2) or polar latitudes which are
not taken into account in this study. Note that even though the data for T and highQ CEs in
panel 1d are pointwise significant, the pair fails the field significance test (Supplementary Fig.
10). The pairing of high precipitation and meteorological drought (highP and drought) is

omitted as it shows no statistically significant data points.
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Supplementary Figure 5| Areas assessed in more detail in this study. Naming: NAM — North
America; SAM — South America; EUR — Europe; AFR —Africa; ASI — Asia; OCE — Oceania.
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Supplementary Figure 6| Relative importance of hazard pair per region. Percentages are
weighted by number of grid cells in the region taking into consideration the different data
coverage of different hazard pairs (Supplementary Fig. 9). Comparable with Fig. 3 but for (a)
temperature-related and (b) hydrologic/hydrodynamic compound events. Hazards included
are high temperature (T), heatwaves (HW), high streamflow (highQ), strong winds (wind),
high storm surge (surge), and high wave heights (waves). Note the different range of the y-
axes between (a), (b), and Fig. 3.
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Supplementary Figure 7| Seasonality of the most dominant CE types per region. Values are
relative to the total number of events in the month with the most occurrences comparable
to Fig. 4 but for (a) temperature-related and (b) hydrologic/hydrodynamic compound events.
The hazard combinations include high temperature (T), heatwaves (HW), low streamflow
(lowQ), high streamflow (highQ), high storm surge (surge), high wave heights (waves), and
strong winds (wind).
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Supplementary Figure 8| Comparison between CE hotspots in Australia derived from global

datasets (left; see Supplementary Table 2 for details) and regional high-resolution datasets

(right). Shown are the most important hazard combinations for this region. Regional high-

resolution data for precipitation, drought (SPI) and heatwaves (EHF) were taken from the

Australian Water Availability Project (AWAP). High-resolution 10m winds were derived from

ECMWF’s ERA5’s zonal and meridional 10m wind components. High-resolution FFDI data

were taken from the Copernicus Emergency Management Service for the European Forest

Fire Information System (EFFIS)?. Streamflow data were derived from a high-resolution

gridded version of the global dataset® 4.
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Supplementary Figure 9| Return periods for the different univariate hazards (a) low SPI
(drought), (b) heatwaves (HW), (c) high probability of large hail (hail), (d) low streamflow
(lowQ), (e) high streamflow (highQ), (f) low precipitation (lowP), and (g) all other hazards.
Grey areas indicate regions without data coverage (Supplementary Fig. 9) or polar latitudes
which are not taken into account in this study. White areas indicate regions where percentile
values of the hazard fall below the minimum required percentile value (Supplementary Table
2).
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Supplementary Figure 10| Data coverage per hazard pair for CEs related to dry conditions
consisting of combinations of heatwaves (HW), low SPI (drought), low precipitation (lowP),
strong winds (wind), high temperatures (T), high McArthur forest fire index values (FFDI), low
streamflow (lowQ), high precipitation (highP), high probability of large hail (hail), strong winds
(wind), high streamflow (highQ), high storm surge (surge), extreme wave height (waves), and
high probability of large hail (hail).
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Supplementary Figure 11| Histograms of the distribution of statistically significant grid cells
from 1000 bootstrap realizations of the joint exceedance for hazard pairs related to dry
conditions. The x-axis is scaled by the total number of grid cells covered by a hazard pair
(Supplementary Fig. 9). The red dot marks the number of statistically significant cells of the
original joint exceedance count compared to the 1000 bootstrapped realizations. Results are
considered field significant if this value is right of the dashed red line that indicates the 97.5%
threshold in the resampled realisations set for field significance. The hazard pairs shown
consist of combination of high precipitation (highP), high storm surge (surge), heatwaves
(HW), low streamflow (lowQ), high temperatures (T), low precipitation (lowP), low SPI
(drought), high McArthur forest fire danger index values (FFDI), high wave heights (waves),
and high probability of large hail (hail). Note the different x-axes between the subplots.



Hazard pair/CE type

Abbreviation

Possible impact/consequences

Heatwave & drought HW-drought | Crop failure; increased mortality; water
shortages

Heatwave & low precipitation HW-lowP Crop failure; increased mortality; water
shortages

High temperature & heatwave T-HW Increased mortality

Fire weather & heatwaves* FFDI-HW Increased  wildfire risk; increased

mortality; poor air quality; property

damage

Fire weather & drought*

FFDI-drought

Increased  wildfire risk; increased

mortality; water shortages preventing

firefighting; poor air quality; property

damage

Fire weather & low streamflow* FFDI-lowQ increased mortality; water shortages;
property damage; water shortages
preventing fire fighting

High precipitation & large hail* highP-hail Property damage; crop failure; (flash)
flooding

Wind & large hail* wind-hail Property damage

High precipitation & high streamflow highP-highQ | Flooding; loss of life; property damage;
crop failure

Wind & high streamflow* wind-highQ Flooding; loss of life; property damage

Surge & waves*

surge-waves

Coastal erosion; flooding; inland

saltwater inundation leading to losses in

agriculture

High precipitation & surge* highP-surge Coastal flooding

Wind & surge* wind-surge Storm damage and coastal flooding;
coastal erosion

Surge & high streamflow* surge-highQ | Flooding; coastal erosion

Wind & high precipitation* wind-highP Wind-driven rain and associated
damages

High temperature & low precipitation | T-lowP Crop failure; increased mortality; water
shortages

High temperature & drought T-drought Crop failure; increased mortality; water
shortages

High temperature & low streamflow T-lowQ Crop failure; water shortages

High temperatures & high streamflow | T-highQ Spread of water-borne diseases

Heatwave & low streamflow HW-lowQ Crop failure; increased mortality; water

shortages



High temperature & large hail* T-hail Property damage; increased mortality;
crop failure
Surge & low streamflow* surge-lowQ Inland saltwater inundation
Heatwave & large hail* HW-hail Property damage; increased mortality;
crop failure
Waves & low streamflow* waves-lowQ | Inland saltwater inundation
High precipitation & drought highP- Flash flooding; crop failure
drought
Heatwave & high streamflow HW-highQ Property damage; loss of life; Spread of
water-borne diseases
Wind & drought* wind- Property damage; crop failure; Poor air
drought quality

Supplementary Table 1| Hazard pairs considered in this study and examples for their
potential impacts. Hazard pairs containing at least one hazard derived from reanalysis are

marked with (*).

Hazard Name | Threshold Cut off values | Data Source

maximum temperature T <-1°C HadGHCND”®

high streamflow highQ <0m3/s GSIM *4

high precipitation highP <1mm REGEN ©

wind speed* wind <0.5m/s ERA-Interim ’
> 99" percentile

storm surge* surge <0.001m GTSM 8

wave height* waves <0 CAWCR %10

McArthur  Forest Fire | FFDI <0 Derived from ERA-

Index* Interim data'!

low precipitation lowP < 1% percentile >0mm REGEN

low streamflow lowQ < 10" percentile | <0.01 m3/s GSIM

Standardised Precipitation | drought | <-1.3 NA REGEN

Index (SPI)

Excess Heat Factor (EHF) HW >0 NA HadGHCND

Probability for large hail* hail >0.5 NA 12

Supplementary Table 2| Hazards taken into account in this study and their thresholds for the
identification of compound events, the lowest allowed value of the chosen percentile and
source of dataset. Hazards derived either directly (wind speed) or indirectly (e.g. surge height)

from reanalysis products are marked with (*).
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