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Table S1: GCM-specific number of simulation years per global warming level bin of 1 ◦C width centered at
different global warming levels ∆T.

GFDL-ESM2M IPSL-CM5A-LR MIROC5

∆T = 1.0 ◦C 157 56 279
∆T = 1.5 ◦C 139 143 324
∆T = 2.0 ◦C 44 322 115
∆T = 3.0 ◦C 0 43 8

1 Calculation of impacts in terms of global mean temperature change

To quantify the change in the areas affected by extreme events, the number of people exposed to
extreme events, or the changes in the frequency of extreme events in terms of global mean temperature
change, averages of affected areas, people exposed or the frequency of extremes are calculated from all
annual scenario data (historical period, RCP2.6, and RCP6.0) falling into a ±0.5 ◦C range of global
mean temperatures around global mean warming levels increasing from 0 ◦C to 4 ◦C in steps of 0.5 ◦C.
To quantify the pure effect of climate change the associated averages or frequencies of the same years
under pre-industrial climate conditions are subtracted from the scenario data. Table 1 provides the
number of simulation years included in the global warming level bins around 1 ◦C, 1.5 ◦C, 2 ◦C and
3 ◦C.

1.1 Separation of pure effect of climate change from direct human influences

The considered “scenario simulations” accounting for historical and future climate change partly also
account for the historical evolution of direct human influences on the considered impact indicators
(histsoc simulations, 1861–2005, according to the ISIMIP2b protocol [22]. Direct human influences
comprise the effect of land use changes, fire prevention or increased ignitions, water withdrawal for
irrigation or domestic and industrial consumption, dam construction, and fertilizer application. Before
1860 and after 2005 these direct human influences are held constant at 1860 (1860soc) and 2005 levels
(2005soc), respectively. In addition, the calculation of exposed people accounts for historical changes
(1860–2005) in population patterns [38]. The “reference simulations” (and the associated calculation
of people exposed) are based on the same socio-economic development but the impact simulations are
forced by pre-industrial climate conditions. Subtracting the “reference simulations” from the parallel
“scenario simulations” allows for a separation of the pure climate effect from the additional effect of
socio-economic development in the historical part of the “scenario simulations”. The sector specific
components of the SI (floods in Sect. 2, tropical cyclones in Sect. 3, crop failures in Sect. 4, wildfires
in Sect. 5, droughts in Sect. 6 and heatwaves in Sect. 7) document the derivation of the pure climate
effect for each individual impact model.

1.2 Scenario dependence of the global mean temperature relationship

The considered approach of estimating the pure effect of climate change at different levels of global
warming is based on the assumption that the relationship between global mean temperature change
and the considered impact indicator does not depend of the underlying emission scenario. In the
category-specific components of the SI, the relationships are shown for RCP2.6 and RCP6.0. Generally
the figures demonstrate that the scenario dependence is a minor component of the overall spread
introduced by the different climate and climate-impact models.

1.3 Occurrence probability at grid scale at different levels of global warming

Probabilities of occurrence of the different categories of annual extreme events at the grid scale as
defined in the main text are computed at three different global warming levels for every impact model-
GCM combination. For the global warming level of ∆T = 0.0 ◦C , the probabilities of occurrence are
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Figure S1: The 22 regions of the world. Their labels are Canada (blue), USA (red), Brazil (blue), Russia (green),
China (red), IND+LKA (green), AUS+NZ (red), KAZ+MNG (blue), N-Africa (yellow), W-Africa (red), C-
Africa (green), E-Africa (blue), S-Africa (red), Middle-East (green), S-Asia- (blue), C-Asia (yellow), E-Asia
(yellow), E-Europe (red), EU28+ (blue), C-America (yellow), S-Latin (yellow) and N-Latin (green).

derived from the impact model simulations driven by pre-industrial climate and 2005 socio-economic
input data. For the global warming levels of ∆T = 1.5 ◦C and ∆T = 2.0 ◦C , the probabilities of
occurrence are derived from the impact model simulations driven by historical, RCP2.6 and RCP6.0
climate input data, using the simulation output from years whose corresponding GCM-specific global
mean temperature difference to the pre-industrial mean differs by less than 0.5 ◦C from ∆T. The
number of simulation years that fall into these global warming level bins is given in Table 1. For every
global warming level, impact model-GCM combination and grid cell, the probability of occurrence is
then calculated as the number of simulation extreme years in the respective sample divided by the
total number of simulation years in the sample.

1.4 Detection levels

For every impact model-GCM combination, we compute the level of global warming at which a global
1-in-50-years event under pre-industrial climate and fixed 2005 socio-economic conditions becomes
a global 1-in-5-years event under changing climate and fixed2005 socio-economic conditions. This
global warming level is then referred to as the detection level of the respective extreme event cat-
egory. We compute two versions of detection levels, one based on the global land area fraction af-
fected (LAFA) and the other based on the global population fraction exposed (PFE). Technically,
the calculation is done as follows. First, we compute P98, the 98th percentile of the annual global
LAFA/PFE under pre-industrial climate and fixed 2005 socio-economic conditions. Then, using linear
quantile regression, we determine P80(∆T ), the 80th percentile of the annual global LAFA/PFE un-
der historical/RCP2.6/RCP6.0 climate and fixed 2005 socio-economic conditions at different levels of
global warming ∆T. Finally, we compute the detection level as the global warming level ∆T at which
P80(∆T ) = P98.

1.5 World regions

In addition to the global analyses we also investigate impacts on the regional level. For this we have
divided the world into 22 regions. These are shown in Figure S1.
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Table S2: Absolute changes in areas [106 ha] affected by different categories or aggregated types of extreme
events. Changes are expressed in comparison to pre-industrial reference conditions.

∆T = 0 ◦C ∆T = 1 ◦C ∆T = 1.5 ◦C ∆T = 2 ◦C

floods 3.18 0.65 9.84 3.09 16.58 0.98 26.77 3.10
tropical cyclones 2.88 0.12 17.75 0.15 19.27 0.15 14.93 0.16
crop failure 4.29 1.22 6.56 3.39 11.55 5.80 16.56 4.99
wildfires 3.36 0.87 4.10 1.81 5.57 2.15 7.96 3.14
droughts 71.56 9.64 123.38 29.59 212.54 65.41 314.69 67.65
heatwaves 34.29 13.48 331.66 71.59 590.58 61.81 991.97 99.46
max/confined events 16.49 2.50 48.82 13.25 71.54 11.65 102.98 15.45
max/extensive events 96.93 9.73 439.78 49.73 773.57 99.15 1254.40 50.07

Table S3: Absolute changes in people [106 people] exposed to different categories or aggregated types of ex-
treme events. Changes are expressed in comparison to pre-industrial reference conditions populations patterns
corresponding to the year 2005.

∆T = 0 ◦C ∆T = 1 ◦C ∆T = 1.5 ◦C ∆T = 2 ◦C

floods 3.2 0.6 6.7 3.9 10.5 3.2 16.0 4.5
tropical cyclones 5.3 0.2 22.0 0.3 24.7 0.3 20.0 0.3
crop failure 11.7 3.1 12.4 9.6 27.3 17.9 43.2 15.6
wildfires 2.3 0.7 3.0 1.4 4.0 1.6 5.6 2.1
droughts 26.4 5.3 20.9 5.4 31.7 8.7 51.9 10.4
heatwaves 30.9 17.5 226.9 27.5 428.4 75.4 742.7 30.6
max/confined events 13.3 7.5 43.5 10.0 67.0 28.6 94.6 14.7
max/extensive events 48.5 12.6 243.6 20.9 454.6 79.5 780.6 26.3

1.6 Estimating expected changes in areas affected by and people exposed to ex-
treme conditions across all climate model – impact model combinations

We use the annual data behind Figure 1 and 2 of the main text to estimate the expected change
in areas affected and people exposed and the associated standard errors for different levels of global
mean temperature change (see Table S2). As the data are grouped according to 1) the climate model
that has been used to force the impact simulations (level 1) and 2) the impact model (for individual
categories of events) or impact model combination (for types of events comprising different categories)
(level 2) we apply a random effects model to adjust the estimation of the standard error according
for the internal clustering of the data. The average changes reported in Table S2 correspond to the
fixed effects and their standard error estimated by a linear mixed model (lmer, R Package lme4, [7])
allowing for climate model specific random deviations from these common fixed effects and impact
model specific deviations from the climate model specific effects. As the projection of changes in areas
affected by and the population exposed to heatwaves or tropical cyclones is directly derived from the
climate model output, the estimates only consider the first level of grouping.

The uncertainty of the tropical cyclone component is not considered in the estimation of the
standard error associated with the changes in the confined events.
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2 Calculation of area affected by and people exposed to flood events

Flooded areas are derived from seven Global Hydrological Models (GHM) (see Table S4. All models
are forced by bias-corrected daily climate data provided within ISIMIP2b [22]. They assume fixed
socioeconomic conditions (e.g. changes in land-use patterns) before 1860 (1860soc for 1661–1860 ac-
cording to the ISIMIP2b protocol), and if possible account for varying socio-economic drivers during
the historical period (indicated with “histsoc” for 1861–2005 according to the ISIMIP2b protocol,
Table S4). After 2005 socio-economic conditions are held constant at present-day levels (2005soc for
2005–2099 or 2005–2299, respectively, according to the ISIMIP2b protocol).
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2.1 Areas affected
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Figure S2: Pure effect of climate change on global land area fraction affected by floods. Absolute
change in global land area fraction affected (AFA) by floods at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S24 . . . S41).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

Since the GHMs provide grid-scale river discharge and runoff instead of flooded areas, it is necessary
to apply the global river model CaMa-Flood [79, 80], which is forced only by the runoff simulations
of each GHM. Simulated daily runoff are translated into annual maximum daily discharge by CaMa-
Flood to estimate the fraction of each grid cell that has been affected by a flood event at least once in a
considered year. CaMa-Flood has been shown to improve the reproduction of the multi-model ensemble
mean of observed peak discharge in a majority of areas compared to the original routing schemes used
within the GHMs, although individual GHM discharge might still fit better to observations [83]. The
flood inundation scheme enables simulation of global gridded flooded area and depth, and the model
is widely used to estimate global flood risk under climate change [40, 32, 50].

A grid cell is considered to be affected by flooding if the maximum annual discharge exceeds
the 100-year return level derived from the pre-industrial simulations. While dams and levees are
often effective measures to prevent flooding, flood defense in most developing regions are currently
insufficient to prevent large floods with return periods longer than 100 years [61]. Assuming universal
protection against floods with return periods shorter than 100 years is thus expected to underestimate
flooded areas in developing countries, but overestimate the areas in some industrialized countries.
Since regions with protection levels higher than 100-year return levels are small (see Figure S3), our
default projections of areas affected by flooding are expected to be conservative.

Specifically, for each GCM-GHM combination and at every grid cell, a Generalized Extreme Value
(GEV) distribution [37] is fitted to the distribution of annual maximum discharge (up to 639 years)
using L-moment estimators [36]. The considered pre-industrial reference samples are much larger than
the 30 historical years often considered in previous studies and allow for a more robust estimate of
return periods. Since the climate forcing could still contain biases, the frequency distribution of annual
maximum daily discharge, instead of flood depth and area directly simulated by CaMa-Flood, is used.
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Figure S3: Estimated present day protection levels against river floods expressed in return levels
of discharge based on the FLOPROS database [61]. Red areas: Flood protection is lower than the flood
protection assumed in our default simulations. Yellow areas: Flood protection corresponds to the protection
assumed in the default simulations. Green areas: Flood protection exceeds the level of protection considered in
our default calculations.

Following the approach by [32], annual maximum daily discharge with a return period of more than
100 years is mapped to corresponding flood depth from a retrospective CaMa-Flood run with MAT-
SIRO [69] runoff, driven by observed climate forcing. To estimate the fraction of the 0.5◦× 0.5◦ grid
cell that is affected by the flood, the flood depth mapped to the retrospective MATSIRO run is then
downscaled by CaMa-Flood based on high resolution topography data (∼ 100 m spatial resolution) to
yield the annual maximum flood inundation area fraction on a 5′ × 5′ grid.

Separation of pure effect of climate change from direct human influences Changing human
water management and use in the historical period mostly affects river discharge (e.g. through water
abstraction from rivers, lakes, and reservoir management) but only has a minor effect on gridded
runoff. As CaMa-Flood uses the gridded daily runoff instead of routed discharge from the GHMs,
the majority of human water management, such as dams and reservoirs (not simulated by CaMa-
Flood), has a negligible effect on the derived areas affected by flooding. In those cases where water
demand is satisfied from groundwater resources, a reasonable reduction of groundwater runoff (one
component of runoff) can be expected. However, for flooded area this effect seems to be negligible
(see preindustrial and future segments of the reference simulations shown in Panel A (gray dots) from
multiple GHM-GCM combinations).

2.2 People exposed

For each cell we multiplied the annual inundated area by the cell population in the corresponding year.
Before 1860 and after 2005, population data were held fixed at 1860 and 2005 levels, respectively. The
estimates of exposed people on the 5′× 5′ grid were aggregated to the common ISIMIP2b 0.5◦× 0.5◦

grid.
Compared to the area fraction affected, the fraction of population exposed to flooding increases

faster with increasing global warming levels. This suggests that floods with a return period of over
100 years increase more in areas with denser population (while change in population distribution in
the historical period may play a role, it should not affect the change at higher warming levels where
population is fixed at 2005 levels).

Separation of pure effect of climate change from direct human influences As shown in
the previous section, direct human influences only have a minor influence on the extent of flooded
areas derived by CaMaFlood. The additional effect of the historical changes in population patterns
(1860–2005) on people exposed to flooding is minor, too (see pre-industrial and future segments of the
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Figure S4: Pure effect of climate change on global population fraction exposed to floods. Absolute
change in global population fraction exposed (PFE) to floods at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S42 . . . S59).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

reference simulations shown in Panel A (median values for the gray dots), the differences shown in
some individual GCM-GHM combinations are likely due difference in population patterns, although
it is also possibly affected by different climate realizations).

In general the different GHMs closely agree regarding the projected relative changes in areas
affected by flooding compared to the inter-impact model spread associated with the estimated relative
change in areas affected by the other types of extremes. This suggests flood projections are mainly
driven by high precipitation as provided by the climate projections and less dependent on e.g. the
implementation of evapotranspiration in the GHMs. Thus, the inter-GHM spread in discharge under
wet conditions is smaller than the overall spread of projections under dry conditions (see Figure S22).

2.3 Occurrence probability at grid scale

More than 66 % of the model combinations agree that annual maximum flood events with larger than
100 year return period will be more frequent with higher level of global warming in manyregions. The
increase in its occurrence probability is largest in the tropical regions (most notably central Africa and
southeast Asia) and east of boreal Eurasia, but also visible in boreal North America, and southeastern
United States and China, Germany and Ireland. In a few regions the occurrence probability decreases,
most notably in Central Europe. Most of the changes are already visible under 1.5 ◦C global warming
and are further enhanced under 2 ◦C warming. This spatial pattern largely agrees with previous findings
[32]. Note that the occurrence frequency is different from affected area, so while the eastern Boreal
Eurasia shows the largest increase in flood occurrence, the actual flooded area may not contribute as
much to global area affected by floods.

Differences in the spatial patterns mostly come from different GCMs: for IPSL-CM5A-LR and
MIROC5, most of the changes occur under 1.5 ◦C warming, and the additional half degree warming
has a limited enhancing effect especially for IPSL-CM5A-LR. For GFDL-ESM2M however, the impact
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Figure S5: Probability of occurrence of at least one flood event per year at different levels of
global mean temperature. Panels A, C, E: Probabilities at 0 ◦C, 1.5 ◦C, 2 ◦C, respectively. Panels B, D, F:
Differences between probability at 2 ◦C and 1.5 ◦C, 1.5 ◦C and 0 ◦C, 2 ◦C and 0 ◦C, respectively. White in panels
B, D, F indicates that less then 66 % of the impact model-GCM combinations agree on the sign of the difference.
The impact model-GCM combination-specific occurrence probabilities are shown in Figures S175 . . . S192.

of an additional half degree warming changes the occurrence probability even more than the 1.5 ◦C
warming compared to preindustrial conditions. Under the same GCM forcing, different GHMs show
a similar pattern of the occurrence and its change, even though the area affected may differ.
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3 Calculation of area affected by and people exposed to tropical
cyclones

3.1 Areas affected
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Figure S6: Pure effect of climate change on global land area fraction affected by tropical cyclones.
Absolute change in global land area fraction affected (AFA) by tropical cyclones at different levels of global
mean temperature (GMT) change relative to the long-term pre-industrial mean GMT as simulated by dif-
ferent model realizations (bars) driven by different GCMs (colors). Bars indicate the model realization-GCM
combination-specific median response to global warming (these are identical to the red solid lines in Panel D
of Figures S78 . . . S80). Solid lines are the medians over all model realizations per GCM. The shaded areas are
the corresponding 20th-to-80th percentile ranges.

Land area affected by tropical cyclones (TCs) is defined as all grid cells subject to 1-minute sus-
tained hurricane-force winds (wind speed larger or equal to 64 knots) at least once a year. Potential
TC tracks are simulated using a dynamical tropical cyclone model [16] forced by GCM data. Affected
areas are derived from a windfield model [33] providing bare track coordinates with a realistic ex-
tension of winds around the TC center, and implemented in the open-source climate risk modeling
toolbox climada [11, 26, 24]. The dynamical downscaling approach [17] as well as the windfield model
have been shown to realistically reproduce observational TC data [33, 24], and have been applied to
project socio-economic TC impacts [44, 25].

Generation of 100 potential realizations of tropical cyclones for each year of the historical
period and the RCP scenarios For each of the considered years a global total of 300 potential TCs
per year and the expected number of cyclones for each year are provided. For the scenario runs, each
underlying GCM year corresponds to the same year considered within all other sectors. To provide
100 sets of potential hurricane realizations for each year, we randomly draw the expected number of
tracks from the sample of 300 tracks provided for each year. Each set of tracks is referred to as one
realization in the following.

Generation of 100 potential realizations of tropical cyclones for each year of the pre-
industrial reference scenario The pre-industrial control simulations only comprise 100 TCs tracks
per year. In addition, the underlying GCM years do not necessarily match the years considered within

S12



all other sectors as the downscaling is partly forced by other segments of the pre-industrial GCM runs.
To generate a sample of 100 potential realizations of cyclone tracks that correspond to the individual
year considered within the other sectors, we select at least three years of cyclone simulations that match
a considered year in the other sectors in terms of the low frequency variability of global mean tempera-
ture (21-year running-mean) and the 3-month running-mean of the Equatorial Southern Oscillation In-
dex (as defined by NOAA’s Climate Prediction Center http://www.cpc.ncep.noaa.gov/data/indices/).
The algorithm initially sets a very strong threshold of similarity and iteratively and alternatively for
GMT and ESOI lowers the threshold until at least three years have been selected. In this way we
create a sample of at least 300 TCs we can draw from. The expected number of TCs to draw is ran-
domly selected from the expected numbers of cyclones associated with the years contributing to the
sample. As both GMT and ESOI (or variants thereof) have been shown to significantly modulate the
occurrence of climate extremes, see e.g. Ref. [21, 76], we thereby account for relevant regional climate
extreme patterns within this sector and across sectors.

For each year and each realization of tracks a binary map of affected land area with hurricane-force
winds is generated with 0.1◦× 0.1◦ spatial resolution. This map is then aggregated to a grid with 0.5◦

spatial resolution and the area fraction affected of the larger grid cell is then saved and compared to
the other climate extremes.

Discussion of Results The absolute change in global land area fraction affected (AFA) by TCs
shows an increase across all models with increasing GMT, see S6. Two GCMs (GFDL-ESM2M and
IPSL-CM5A-LR) show a comparable result with less than 0.1 % rise in AFA for 2 ◦C of warming, while
for MIROC5 a tripling of AFA is obtained to almost 0.3 %. Naturally, TCs only affect a small portion
of global land mass. Translated to relative quantities, however, these changes correspond to a more
than 50 % rise in TC-affected areas for MIROC5.

The difference in AFA changes for different GCMs can be explained by how TC characteristics
change in different models and ocean basins. While GFDL-ESM2M and IPSL-CM5A-LR predict large
changes in annual TC frequency with rising GMT (see S8 and S9), MIROC5 additionally predicts
large changes in annual maximum TC intensities (see S7). Both, changes in frequency and intensity
result in rising AFA as more events can potentially cause more landfalls and more intense events cause
higher wind speeds that can exceed the here-applied threshold of 64 knots over land.

Across all GCMs and all basins we observe similar changes in TC frequency and intensity with
rising GMT across both RCP scenarios, indicating that GMT is sufficient to explain most changes in
TC-specific impacts under global warming.

3.2 People exposed

On the high resolution grid (0.1◦ × 0.1◦) all people living in a grid cell affected by hurricane-force
winds are considered to be exposed to the respective tropical cyclone. The number of people living in
these grid cells is taken from the SSP2-based population distribution on the 0.1◦ grid provided within
ISIMIP2b. The high resolution maps of people exposed are then spatially aggregated to obtain the
PFA by TCs on the 0.5◦ grid.
Discussion of Results For PFA we obtain similar findings as for AFA, see S10. Across all GCMs we
see increases in the number of exposed people with rising GMT, with MIROC5 again exposing about
threefold as many people than GFDL-ESM2M and IPSL-CM5A-LR. Changes for PFA are somewhat
larger than changes in AFA which can be explained by the fact that a large fraction of global population
resides close to the coast. Hence, an additional unit of coastal AFA hosts overproportionally more
people than a non-coastal area, and thus small changes in AFA can cause larger changes in PFA.

For PFA we also find larger uncertainties associated with each GCM than for AFA (shaded regions
in S10). This fact is related to the stochastic nature of TC occurrence, as underlined by the large
annual variability shown in thin lines in S7-S9. This stochasticity also affects the specific landfall
location and the associated number of people exposed: whether a major city is directly hit or barely
missed contributes significantly to the underlying uncertainty.
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3.3 Occurrence probability at grid scale

More than 66 % of the model combinations agree that annual occurrence of TCs will increase with
higher level of global warming in many regions, see Figure S11. Here, a 10 % probability of occur-
rence corresponds to one event in 10 years affecting this specific grid cell on average. The increase in
occurrence probability is mostly but not exclusively confined to certain hot-spot regions, namely the
Eastern Pacific coast of Mexico, the South-East coast of Africa, in particular Madagascar, Northern
Australia, South-East Asia, in particular the Philippines and the Chinese coast, and to some extent
India and the Bay of Bengal. Most of the changes are already visible under 1.5 ◦C global warming
(Panel D) and are further enhanced under 2 ◦C warming (Panel F). There exists a discernible difference
between a 1.5 ◦C and a 2.0 ◦C world, in particular for Madagascar but also for the East African, the
Northern Australian, and the Chinese coast (Panel B). Note that the occurrence frequency is different
from exposed population, so while Madagascar shows the largest increase in TC occurrence, the actual
exposed population may not contribute as much to globally exposed population as e.g. the Chinese
coast.
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Figure S7: Changes in annual ocean basin-specific TC frequency and intensity for different levels of
global mean temperature for GCM MIROC5. Per-cent changes relative to the long-term pre-industrial
mean in ocean basin-specific annual TC frequency (left column) and mean annual maximum TC intensity (right
column) analyzed over all simulated TCs for each year. Annual changes (thin colored lines) are overlaid with
11-year running-mean changes (thick colored lines) for the historical period (black), and the RCP26 (blue) and
RCP60 (orange) scenarios. Basin abbreviations are as follows: NA – North Atlantic Ocean, SA – South Atlantic
Ocean, EP – East Pacific Ocean, WP – West Pacific Ocean, SP – South Pacific Ocean, NI – North Indian
Ocean, SI – South Indian Ocean. The line of zero change is marked with a thin black line.
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Figure S8: Changes in annual ocean basin-specific TC frequency and intensity for different levels
of global mean temperature for GCM GFDL-ESM2M. Similar to S7 but for GCM GFDL-ESM2M.
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Figure S9: Changes in annual ocean basin-specific TC frequency and intensity for different levels
of global mean temperature for GCM IPSL-CM5A-LR. Similar to S7 but for GCM IPSL-CM5A-LR.
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Figure S10: Pure effect of climate change on global population fraction exposed to tropical cy-
clones. Absolute change in global population fraction exposed (PFE) to tropical cyclones at different levels of
global mean temperature (GMT) change relative to the long-term pre-industrial mean GMT as simulated by
different model realizations (bars) driven by different GCMs (colors). Bars indicate the model realization-GCM
combination-specific median response to global warming (these are identical to the red solid lines in Panel D
of Figures S81 . . . S83). Solid lines are the medians over all model realizations per GCM. The shaded areas are
the corresponding 20th-to-80th percentile ranges.
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Figure S11: Probability of occurrence of at least one tropical cyclone event per year at different
levels of global mean temperature. Panels A, C, E: Probabilities at 0 ◦C, 1.5 ◦C, 2 ◦C, respectively. Panels
B, D, F: Differences between probability at 2 ◦C and 1.5 ◦C, 1.5 ◦C and 0 ◦C, 2 ◦C and 0 ◦C, respectively. White
in panels B, D, F indicates that less then 66 % of the model realizations-GCM combinations agree on the sign
of the difference. The impact model-GCM combination-specific occurrence probabilities are shown in Figures
S84 . . . S86.
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4 Calculation of area affected by and people exposed to crop failure

Crop failure is derived from three process-based crop models (GEPIC, LPJmL and PEPIC, see Table S5
for their basic characteristics) providing yields [t/ha] of wheat, maize, rice and soy on the ISIMIP2b 0.5◦

grid. The original simulations do not account for land use patterns. Instead, models provide pure crop
runs assuming that each crop grows everywhere. For each crop, the individual modeling groups provide
simulations assuming fully irrigated conditions, ignoring potential constraints on water availability and
a separate set of simulations assuming purely rainfed management conditions everywhere. In this way
LU patterns can be applied in post-processing ensuring maximum flexibility. Here, we apply historical
land use and irrigation patterns for 5 crop classes [23] that have been downscaled to maize, rice, and
soy [22]. The ISIMIP2b LU patterns only provide grid cell fractions for “temperate cereals” without
considering wheat separately. The wheat patterns considered within this study are derived from the
“annual C3 crops” category in LUH2 assuming constant wheat shares according to [45]. Before 1860
and after 2005 land use and irrigation patterns were held constant. Model simulations do not account
for water constraints but assume that crops are fully irrigated on irrigated areas. All models provide
2005soc simulations according to the ISIMIP2b protocol, i.e. they do not account for historical or future
management changes or technological progress but assume a fixed management setting described in
Table S5. Yields are provided as annual output, assuming one single cropping cycle per crop and year.
All considered crop models account for the CO2 fertilization effects (See Table S5).
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Crop failure at each grid cell and for irrigated and rainfed yields is defined of simulated yields falling
below the 2.5th percentile of the associated reference distribution based on the model simulations forced
by pre-industrial climate. As the crop models do not account for management changes the entire time
series of reference simulations has been used.

4.1 Areas affected
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Figure S12: Pure effect of climate change on global land area fraction affected by crop failures.
Absolute change in global land area fraction affected (AFA) by crop failures at different levels of global mean
temperature (GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact
models (symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-
specific median response to global warming (these are identical to the red solid lines in Panel D of Figures
S87 . . . S95). Solid lines are the medians over all impact models per GCM. The shaded areas are the correspond-
ing 20th-to-80th percentile ranges.

To estimate the area affected by crop failure we assume that it only affects the fraction of the
grid cell where the crop is grown under irrigated and rainfed conditions, respectively. To estimate the
total area affected the individual affected areas are added up across the different crops and irrigation
settings.

Historical expansion of cropland alone lead to an increase in areas affected by crop failure (as
a fraction of the global land area) simply because more land is used for cropping activities and all
cropland is subject to crop failure (2.5 percentile). This is visible in the results of the crop models
assuming pre-industrial climate (see gray dots in panel A of Figures S87 . . . S95). In addition, the
annual variability of the global land area affected by crop failure increases with the expansion of global
cropland. On top of this increase in variability that is driven by the expansion of cropland, we find that
climate change drives further increases in crop failure. In spite of the CO2 fertilization effect all models
show an increase in areas affected by crop failure with increasing levels of global warming (see dots
with color of black, yellow, and blue in Figures S87 . . . S95). This increase in areas affected is robust
across all GCMs and GGCMs, even though the uncertainty between different climate scenarios and
crop models is substantial. For the climate scenarios, this is mainly due to how spatial and temporal
patterns of climate change overlap with cropland and growing seasons, whereas the differences between
GGCMs stem from different assumptions in crop management systems and model-specific differences
[18, 47]. There is no evident difference between the impacts of the concentration pathways RCP2.6
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and 6.0 for a given change in GMT (Figures S87 . . . S95). An exception is MIROC5, where impacts
are often stronger for RCP2.6 in the +1 ◦C to +2 ◦C bin than for RCP 6.0 (Figures S89, S92, S95).

4.2 People exposed
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Figure S13: Pure effect of climate change on global population fraction exposed to crop failures.
Absolute change in global population fraction exposed (PFE) to crop failures at different levels of global mean
temperature (GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact
models (symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-
specific median response to global warming (these are identical to the red solid lines in Panel D of Figures
S96 . . . S104). Solid lines are the medians over all impact models per GCM. The shaded areas are the corre-
sponding 20th-to-80th percentile ranges.

When calculating the number of people exposed to crop failure we only account for local effects on
people working in agriculture. Crop failure is expected to have widespread effects on global crop prices
and the risk of hunger. However, these effects are not captured by our analysis. If fraction Afailure of
the land area of a grid cell is affected by crop failure, then the fraction P of the population of that
grid cell that is exposed to that crop failure is calculated as

P = F
Afailure

Aagriculture
,

where F is a national estimate of the fraction of the total population working in agriculture, and
Aagriculture is the area fraction of the grid cell used for agriculture. The factor Afailure/Aagriculture is
supposed to estimate the fraction of the local population working in agriculture that is exposed to
the crop failure. This factor is smaller than one in cases where not all of the crops grown in the
grid cell failed. Gaps in the national time series of employment in agriculture have been filled by
linear interpolation and the fraction is assumed to stay constant before the first and the last available
data point at the first and last available value, respectively. In contrast to the area affected, the
historical reduction in employment in agriculture leads to decreasing numbers of people directly (see
definition above) exposed to crop failure under pre-industrial climate conditions over the historical
period according to the applied definition (see gray dots in Panel A of Figures S96 . . . S104). In
addition the inter-annual variability of the numbers also decreases. However, the number of people
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exposed to crop failure is consistently increasing with global warming, which is mainly due to expanded
areas affected despite population reduction in employment in agriculture.

4.3 Occurrence probability at grid scale

A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

10 20 30 40 50 60 70 80 90
Occurrance Probability [%]

F 2°C 0°C
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Figure S14: Probability of occurrence of at least one crop failure event per year at different levels
of global mean temperature. Panels A, C, E: Probabilities at 0 ◦C, 1.5 ◦C, 2 ◦C, respectively. Panels B, D, F:
Differences between probability at 2 ◦C and 1.5 ◦C, 1.5 ◦C and 0 ◦C, 2 ◦C and 0 ◦C, respectively. White in panels
B, D, F indicates that less then 66 % of the impact model-GCM combinations agree on the sign of the difference.
The impact model-GCM combination-specific occurrence probabilities are shown in Figures S105 . . . S113.

The occurrence of crop failure at the grid-cell level is a function of the actual distribution of crops
in these grid cells as well as their climate-induced variability causing yields to be lower than the pre-
defined yield threshold (2.5 percentile per crop and irrigation system and pixel under pre-industrial
conditions). As such, regions where multiple crops are being cultivated are more likely to experience
crop failures than regions with only a single crop, as e.g. western Australia, where basically only
rainfed wheat is cultivated (of the four crops considered here).

At 0 ◦C warming (pre-industrial conditions), the highest probability of crop failures occurs for
temperate and tropic regions, foremost in South and East Asia (Figure S14 panel A). Similar to earlier
findings [53, 12], tropical regions see an increase in the probability of crop failure at both 1.5 ◦C and
2 ◦C warming (Figure S14 panels C–F). Both the highest occurrence probabilities and highest increases
in probabilities are expected in presently semi-arid regions or tropical and temperate regions that are
prone to crop failure also at 0 ◦C warming. Hotspots are the Indo-Gangetic Plain, Sudano-Sahelian
belt and Central America. At 2 ◦C warming, spatial patterns remain similar to impacts at 1.5 ◦C but
exhibit higher magnitudes (Figure S14 panels B,E,F). Decreases in crop failure occurrence probabilities
with global temperature increase are foremost found for presently temperate and cold regions. The
aforementioned hotspot regions of adverse impacts are also the locations in which most crop model-
GCM combinations agree on the sign of the impact (Figures S105 . . . S113). Noticeable differences
in impact estimates among crop model-GCM combinations occur e.g. for Central to Southern Africa
and North America, which is - depending on the corp - in agreement with an earlier crop model
intercomparison study [53].
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5 Calculation of area affected by and people exposed to wildfires

Wildfire areas are derived from five Global Vegetation Models (GVM) (see Table SX ). All GVMs
are forced by bias-corrected daily climate data provided within ISIMIP2b [22]. With the exception of
ORCHIDEE, all GVMs have been run on a 0.5◦ grid resolution. ORCHIDEE has been run on a 1◦ grid
resolution because of computational constraints. All GVMs assume fixed socioeconomic conditions (e.g.
changes in land use patterns) before 1860 (1860soc for 1661–1860 according to the ISIMIP2b protocol)
and account for land-use changes and nitrogen deposition during the historical period (histsoc for 1861–
2005 according to the ISIMIP2b protocol). After 2005 socio-economic conditions are held constant
at present-day levels (2005soc for 2005–2100 or 2005–2300, respectively, according to the ISIMIP2b
protocol).

The main elements of the fire modules used in the DVMs are described in Table S6. All GVMs
assume that fires burn only natural vegetation and all GVMs simulate dynamic vegetation distribution
over time (with the exception of VISIT).
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5.1 Areas affected
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Figure S15: Pure effect of climate change on global land area fraction affected by wildfires. Absolute
change in global land area fraction affected (AFA) by wildfires at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S114 . . . S127).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

The global land area fraction affected by wildfire is directly derived from the monthly data of burnt
areas provided by the considered GVMs. The annual area fraction affected by wildfire is calculated
as the sum of these monthly values, assuming that an area that has burnt during one month of a
year is very unlikely to burn again during another month of the same year because there will not
be enough fuel left for a subsequent fire. This assumptions holds true for most of the globe [6]. Fire
return intervals may only be smaller than one year in strongly fire-dominated ecosystems such as in
Sub Saharan Africa [5]. Instead, we expect that two other factors neglected by the GVMs will lead
to an underestimation of the simulated global area affected by wildfire: the GVMs do not account for
fire being intentionally or unintentionally used to clear natural vegetation as part of land-use changes.
Correspondingly, the GVMs simulate a global area affected by wildfire in the 20th century ranging
from 0.05–1.2 % per year with the exception of VISIT for which the global area affected by wildfire
in the 20th century reaches about 5.5 % per year for some years. Hence, most GVMs underestimate
the global area affected by wildfire reconstructed from a wide array of sources over the same period
of about 4 % per year [46]. Just like the GVMs, this reconstruction does not account for burning
of agricultural wastes, nor for prescribed burning as part of landscape clearing or deforestation [46].
Overall, It does however account for a wider range of fires than considered by the GVM such as fires
escaping from agricultural lands and land clearing as reported by firefighters. One reason why VISIT
is overestimating the global burned area, might be that VISIT is the only GVM in or ensemble that
does not simulate dynamic vegetation which might lead to increasing maladaptation of regrowing veg-
etation after a fire to further climate changes.

Separation of pure effect of climate change from direct human influences
While CARAIB and LPJmL show a clear decrease of the global area affected by wildfire in the
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historical period that is driven by changing land use only, ORCHIDEE, VISIT and LPJ-GUESS only
show minor changes partly even increasing the global area affected by wildfire (see gray dots in panels
A of Figures S114 . . . S127). This effect of land use change also dominates the historical simulations
of CARAIB and LPJmL where burnt areas substantially decrease. The pure climatic effect during
the historical period is weak but slightly increases global area affected by wildfire (black dots in
panel C). The pure climatic effect during the future time periods leads to a clear increase in the
global area affected by wildfire for CARAIB, VISIT and LPJmL (blue and yellow dots in panel C).
For LPJ-GUESS and ORCHIDEE, the direct climatic effect in the future time period is less clear:
under RCP6.0 the median global area affected by wildfire increases, while for RCP2.6 the global area
affected by wildfire decreases or increases. Generally, increasing GMT leads to an increase in global
area affected by wildfires beyond the pre-industrial and historical levels in all considered GVMs except
for ORCHIDEE (blue and yellow dots in panel D). For ORCHIDEE, the effects of increasing CO2 on
plant water relations might increase soil moisture and hence reduce combustibility of the fuel leading
to decreasing global area affected by wildfire. These patterns of decreasing global area affected by
wildfire with increasing land-use change in CARAIB and LPJmL seem counter-intuitive at a first
glance because historically fire has been a key tool to clear natural vegetation [10]. However, as noted
above, the considered GVMs do neither capture the application of fire as a way to clear land nor
the associated risk of burning adjacent natural vegetation unintendedly through escaping fires. The
decrease of global area affected by wildfire with changing land use in the historical period is due to
a reduction in area covered by natural vegetation which reduces the overall area available to burn as
the considered biomes models only allow for wildfires in natural vegetation. This mimics historical
tendencies to suppress fires on agricultural and other human-dominated lands [51, 39]. It however
also means that, because the pure climatic effect is increasing the global area affected by wildfire and
because concomitantly the area available to burn is decreasing, the fire risk for the remaining natural
vegetation is increasing.

5.2 People exposed

We assume that the fraction of the population of a grid cell that is exposed to a wildfire occurring in
that grid cell scales with the grid cell’s area fraction affected by the wildfire. Therefore, the fraction of
the population exposed to wildfire is set equal to the fraction of the grid cell area affected by wildfire at
the 0.5◦ grid level. Before 1860 and after 2005, population data were held fixed at 1860 and 2005 levels,
respectively. Compared to the global land area fraction affected by wildfire, the fraction of population
exposed to wildfire is slightly higher throughout all GVMs and GCM combinations ranging between
2–12 % per year for VISIT and between 0–1.2 % per year for all other models. This suggests that an
area affected by wildfire houses slightly more people than an average area.

Separation of pure effect of climate change from direct human influences LPJmL, OR-
CHIDEE, CARAIB and VISIT (the latter two only when driven by MIROC5) show a decrease of the
global population affected by wildfire in the historical period that is driven by changing land use only,
LPJ-GUESS, CARAIB and VISIT (the latter two when driven by GFDL-ESM2M and IPSL-CM5A-
LR) only show minor changes partly increasing the global population affected by wildfire (see gray
dots in panels A of Figures S128 . . . S141). Whenever effects of land use change occur, they are also
visible in the historical simulations. The pure climatic effect during the historical period is rather weak
but slightly increases global population affected by wildfire in most GVM-GCM combinations (black
dots in panel C). The pure climatic effect during the future time periods leads to a clear increase in
the global population affected by wildfire for CARAIB, VISIT and LPJmL (blue and yellow dots in
panel C). For LPJ-GUESS and ORCHIDEE, the direct climatic effect in the future time period is
less clear: for LPJ-GUESS under RCP6.0 the median global population affected by wildfire increases,
while for RCP2.6 the global population affected by wildfire decreases or increases depending on the
GCM. For ORCHIDEE, the direct climatic effects are small but clearly decrease global population
affected by wildfire. Generally, increasing GMT leads to an increase in global population affected by
wildfire beyond the pre-industrial and historical levels in all considered GVM except for ORCHIDEE
(blue and yellow dots in panel D) mirroring the effects of climate change on the global area affected
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Figure S16: Pure effect of climate change on global population fraction exposed to wildfires. Absolute
change in global population fraction exposed (PFE) to wildfires at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S128 . . . S141).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

by wildfire described above.

5.3 Occurrence probability at grid scale

To calculate the occurrence probability of extre at grid scale, a grid cell is considered to be affected by
wildfires if the burned area exceeds the 97.5th percentile of the pre-industrial reference distribution.
Such focus on fires considered to be large relative to their given spatio-temporal context aligns well
with recent criticism to classify mega-fires simply on a global threshold such as an areal extent of
> 10 000 ha [68]. However, our definition excludes recent claims to classify mega-fires based on their
impact on society and not their area extent [68, 77].

Figures S142 . . . S155 show that fires which were extremely rare without climate change (panel A)
are covering large parts of the Earth’s vegetated land under 1.5 ◦C warming (Panel C) with occurrence
probabilities ranging mostly between 5–25 %. This increase in extreme fire probability further intensi-
fies under 2 ◦C warming (Panel E) but quite uniformly around the globe and by less than 10 % (Panel
B). The regions with the highest fire activity in the recent past, Sub Saharan Africa and Northern
Australia [6], seem to be already characterized by such large fires and short intervals between fires
that our analysis does not reveal further increases in extreme fire occurrence probability.
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A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C
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Figure S17: Probability of occurrence of at least one wildfire event per year at different levels of
global mean temperature. Panels A, C, E: Probabilities at 0 ◦C, 1.5 ◦C, 2 ◦C, respectively. Panels B, D, F:
Differences between probability at 2 ◦C and 1.5 ◦C, 1.5 ◦C and 0 ◦C, 2 ◦C and 0 ◦C, respectively. White in panels
B, D, F indicates that less then 66 % of the impact model-GCM combinations agree on the sign of the difference.
The impact model-GCM combination-specific occurrence probabilities are shown in Figures S142 . . . S155.
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6 Calculation of area affected by and people exposed to droughts

Severe drought conditions are defined by monthly soil moisture [13, 63] falling below the 2.5th per-
centile variable monthly threshold, based on using of the pre-industrial reference distribution (1661–
1859), for at least 7 consecutive months [62]. Moisture in the top meter of soil shows the combined
effects of processes like precipitation, soil evaporation, plant transpiration, infiltration, runoff, snow
accumulation and melt, and is therefore a good indicator for drought conditions [64]. The monthly soil
moisture information used in this study that was provided by the individual hydrological models refers
to soil layers of different thicknesses (see Table S4). Here we use root moisture as directly provided by
H08, MPI-HM, and WaterGAP2. To approximate this variable we integrated soil moisture across the
first three layers considered in JULES-W1 (up to a depth of 1 m), the first three layers of LPJmL (up
to a depth of 1m), and the first 9 layers of ORCHIDEE (up to a depth of 75 cm). Further propertief
of the models are shown in Table S4.

The variable monthly threshold level method [72, 2, 49, 31, 73] was applied here to distinguish
periods of soil moisture drought from periods of no drought. The use of a variable monthly threshold
accounts for seasonal climatology [64, 31], which is relevant for the management of water resources.

For each month individually we identified per model and climatological forcing combination the
2.5th percentile soil moisture value at the grid-level, using the pre-industrial scenario as reference
period. Using these spatially and monthly explicit threshold-levels we, subsequently, evaluated for the
different scenarios applied how often the soil moisture conditions fall below this threshold. Subse-
quently, we applied a six-month threshold to distinguish the longer, prolonged drought events from
the short, incidental ones [63]. Only these prolonged droughts were taken into account when evaluat-
ing the land area and population exposed to drought conditions at the yearly scale. In doing so, we
checked for each year whether a grid-cell was exposed to at least one of a period of prolonged droughts
(i.e. drought conditions that last longer than 6 months). In case the grid-cell was exposed this cell was
accounted as ‘being exposed to drought’ for that respective year, in case the grid-cell was not exposed
to drought conditions or only to relatively short drought conditions, the grid-cell was classified as ‘not
exposed to drought’ for that respective year.

To evaluate the impacts of human actions and climate change on the occurrence and spatial extent
of droughts we superimpose the critical drought thresholds that were defined for the pre-industrial
reference period over the scenarios that represent the historical (including human actions) and/or
climate change conditions (including both human actions and climate change impacts). Hence, the
difference in exposure between these scenarios give indication to the attribution of climate change and
human activities to droughts. It must be said, though, that with such an approach we only evaluate
the attribution of climate change and human activities to the increase in the exposure of drought
events in time and place. Any changes in the severity of drought conditions, nor in the duration or of
frequency (if consistently lower or higher than 6 months) of drought events at sub-yearly scales were
not accounted for in this evaluation.

6.1 Areas affected

To estimate the area affected by drought, we sum the grid cells with a fraction of the grid cell suffering
drought. To estimate the total area affected the individual affected areas are added up.

For pre-industrial climate conditions and 1860/2005 socio-economic conditions, the distribution of
the annual global land area fraction affected (AFA) remains almost constant for all model and GCM
combinations. Such ranges vary depending on the model and GCM combination, but are mostly within
the 2 % and never go beyond the 5 %.

For historical climate conditions, the pure effect of climate change in AFA by drought for H08
and WaterGAP2 is small, as the differences between the annual AFA by drought and the median
of the simulations assuming pre-industrial climate conditions are of at most 2 %. For JULES-W1,
PCR-GLOBWB, ORCHIDEE, MPI-HM and LPJmL, the change in AFA by drought increases over
time, and such ranges depend on the model and GCM, but in general reach the 4 %. These results
are in line with Dai [13], who showed an increasing trend in drought exposure between 1950 and 2010
using a Palmer Drought Severity Index (PDSI) based drought indicator. According to Dai [13], the
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Figure S18: Pure effect of climate change on global land area fraction affected by drought. Absolute
change in global land area fraction affected (AFA) by drought at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S156 . . . S174).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

global land area affected by drought has an initial increase of around 0.5 % by 1950, which grows up
to 5 % by 2010. Dai [13] showed that increasing global temperatures since the 1980s have contributed
significantly to the increase in land areas exposed to drought globally (+8 %), mainly as a result of
increased evaporation.

The increase in AFA by drought starting in the historical period highlights the effects of human
forcing. WaterGAP2 and H08 models show little increase in the AFA by drought, while other models
show significantly larger effects. All models include human impacts, but they do so in a different way.
Methods of human impact parameterization may give rise to the differences in the observed impacts
and it would be worth to analyze this further.

For RCP2.6 climate conditions, the change in AFA by drought for H08 and WaterGAP2 follows
the same behavior as for the historical climate conditions. For all other models, the change in AFA
by drought increases in time, reaching up to 8 %. For RCP6.0 climate conditions, the change in AFA
by drought increases over time for all models. Such change is small for H08 and WaterGAP2, where
the largest change occurs for H08 + IPSL-CM5A-LR, reaching the 8 %, but remains under 2 % for
all other cases. For all other models and GCMs, the change is larger, reaching up to 15 % for PCR-
GLOBWB + IPSL-CM5A-LR. All of Dai [13], Lehner et al. [41] and Sheffield & Wood [63] support
our observations of increases in drought exposure under climate change. Dai [13] suggest that severe
and widespread droughts will occur in the next decades over many land areas as a result of either
decreased precipitation and/or increased evapotranspiration. The results of Lehner et al. [41] indicate
for many global land areas a widespread drying under both 1.5 ◦C and 2.0 ◦C degree climates, for
example in the Mediterranean, central Europe, the Amazon, and southern Africa. Sheffield & Wood
[63] show that most models show decreases in soil moisture globally under future projections which
results in a doubling of the area exposed to severe soil moisture deficits and the frequency of short
term soil moisture droughts. Longer, prolonged droughts triple under the scenarios applied by Sheffield
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& Wood [63], although model results vary.

6.2 People exposed
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Figure S19: Pure effect of climate change on global population fraction exposed to drought. Absolute
change in global population fraction exposed (PFE) to drought at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S193 . . . S211).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

The fraction of the population of a grid cell exposed to drought scales with the area of the grid
cell affected by drought at the 0.5◦ grid level. Before 1860, the population is fixed at 1860 levels, and
after 2005, the population is fixed at 2005 levels.

The behavior of the time series of annual global population fraction exposed (PFE) to drought is
very similar to the one seen in the AFA by drought. The difference is in the percentage of change due
to the pure effect of climate change in PFE, which is considerably smaller.

For pre-industrial climate conditions, the percentage of the global population exposed to drought
ranges for all models between 0.2 % and 5 %, being H08 and WaterGAP2 the models with smaller
percentages of PFE, up to 2 %. The change of PFE due to historical climate conditions shows a small
increase over time for all models, being IPSL-CM5A-LR + MPI-HM the one with the largest change
over time, from 3 % to 6 %. For RCP2.6 and RCP6.0 climate conditions we see consistent increments
in the PFE to drought over time, being the largest changes under the IPSL-CM5A-LR GCM, which
reaches up to 10 % change for PCR-GLOBWB and 12 % for MPI-HM.

Despite the similar behavior in trends for the AFA and PFE to drought, the lower percentages
found in the pure effect of climate change may be due to the population being unequally distributed,
which introduces changes in exposure of to soil moisture.

An interesting feature of these results is the decrease in the PFE to drought for historical climate
conditions for most models, being the decrease more significant for LPJmL and PCR-GLOBWB, two
models considering reservoir storage and detailed land-use classification [66]. This finding also suggests
a strong effect of the population density, growth and distribution, which should be considered for
further analysis.
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It is also worth mentioning that the exposure to this drought calculation does not take into account
vulnerability, i.e. how much water one would need to accommodate its daily needs [27]. This, being a
relative threshold on a specific hydrological condition, does not consider the absolute water availability.
Therefore, exposure to drought should not be confused with exposure to water scarcity (water-demand
versus water-supply).

6.3 Occurrence probability at grid scale

A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

1 2 3 4 5 6 7 8 9 10
Occurrance Probability [%]

F 2°C 0°C

10 8 6 4 2 0 2 4 6 8 10
Change in Occurrance Probability [%]

Figure S20: Probability of occurrence of at least one drought event per year at different levels of
global mean temperature. Panels A, C, E: Probabilities at 0 ◦C, 1.5 ◦C, 2 ◦C, respectively. Panels B, D, F:
Differences between probability at 2 ◦C and 1.5 ◦C, 1.5 ◦C and 0 ◦C, 2 ◦C and 0 ◦C, respectively. White in panels
B, D, F indicates that less then 66 % of the impact model-GCM combinations agree on the sign of the difference.
The impact model-GCM combination-specific occurrence probabilities are shown in Figures S212 . . . S230.

To calculate the occurrence of drought at the 0.5◦ grid-cell level, a cell is considered affected by
drought if it falls below its 2.5th percentile variable monthly threshold, based on the pre-industrial
reference distribution for at least 6 consecutive months.

We observe three different behaviors in the occurrence probability of drought at grid scale, with
the spatial distribution depending mainly in the model and the intensity on the GCM.

Models H08 and WaterGAP2 are the ones with lower occurrence probabilities, localized mainly
in the Amazon and Central Africa. Models JULES-W1 and LPJmL show larger and well localized
regions of occurrence probability, both focused in North Africa, Middle East. Both of these models
focus on vegetation. JULES-W1 also shows higher occurrence probability in the East part of the US
and LPJmL in Central Australia. Finally, MPI-HM, ORCHIDEE and PCR-GLOBWB show wide
non-well localized regions with high occurrence probability of drought all over the globe, but mainly
in Central Africa, Central Asia, the Amazon and North America.

In comparison with other models, these regions are partially in agreement with [13], who shows
increases in drought exposure due to increased warming to be largest over northern mid-high lati-
tudes, and increases in drought conditions in Africa, southeast Asia, eastern Australia and Europe
predominantly due to decreases in precipitation.

Lehner et al. [41] show widespread drought under 1.5 ◦C and 2 ◦C climates, with significantly more
drying at 2 ◦C compared to 1.5 ◦C. They show significant drying in the Mediterranean, central Europe,
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the Amazon, southern Africa, and southern Australia at 1.5 ◦C and 2 ◦C, and insignificant changes in
the United States of America. Southwest, Central Plains, and Southeast Asia.

There are significant differences between the areas with higher occurrence probability between the
models. This, however, is a normal consequence of the definitions of our drought indicator and the
characteristics of each of these models, as drought indices can result in somewhat different change
patterns, especially on small scales.
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7 Calculation of area affected by and people exposed to heat waves

7.1 Areas affected
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Figure S21: Pure effect of climate change on global land area fraction affected by heatwaves. Absolute
change in global land area fraction affected (AFA) by heatwaves at different levels of global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact models
(symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-specific
median response to global warming (these are identical to the red solid lines in Panel D of Figures S231 . . . S233).
Solid lines are the medians over all impact models per GCM. The shaded areas are the corresponding 20th-to-
80th percentile ranges.

Heatwaves are defined based on GCM output of daily mean relative humidity and daily mean and
maximum temperature. A grid cell is considered to be affected by a heatwave in a given year if (i) the
Heat Wave Magnitude Index daily (HWMId, 55, 56) of that year exceeds the 97.5th percentile of the
HWMId distribution under pre-industrial climate conditions of that grid cell, and if (ii) the humidex
exceeds 45 on all days of heatwave period corresponding to the HWMId. If both criteria are fulfilled
then the area fraction affected by heatwave of the grid cell in that year is set to one, otherwise it is
set to zero.

Our heatwave definition combines a relative criterion, which assesses the magnitude of a heatwave
relative to magnitudes that are normal under pre-industrial climate conditions, with an absolute
criterion that is to prevent us from labeling a period that would be considered exceptionally warm
under pre-industrial climate conditions as a heatwave even though the period is not hot enough in an
absolute sense to have a negative impact on human health. In the following we describe how HWMId
and humidex are defined and computed here.

The HWMId is defined as the maximum magnitude of all hot periods occurring in a year, where
a hot period is a period of at least 3 consecutive days with daily maximum temperature exceeding a
threshold value Tpi90 which is defined as the 90th percentile of daily maximum temperatures under
pre-industrial climate conditions, centered on a 31-day window. The magnitude of each hot period in a
year is the sum of the daily magnitudes on the consecutive days composing the hot period, with daily
magnitude calculated according to Md(Td) = 0 if Td ≤ Tpi25 else (Td − Tpi25)/(Tpi75 − Tpi25) where
Td is the daily maximum temperature on day d of the hot period, and Tpi25 and Tpi75 are the 25th
and 75th percentile, respectively, of the annual maximum of the daily maximum temperature under
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pre-industrial climate conditions. In order to estimate Tpi90, Tpi25 and Tpi75, we use more than 400
years of daily maximum temperature data of 0.5◦ spatial resolution representing pre-industrial climate
conditions as available from the ISIMIP2b climate input data set. Based on these more than 400 years
of temperature data we then derive Mpi97.5, the 97.5th percentile of the HWMId distribution under
pre-industrial climate conditions.

The humidex [1] was developed to capture the experienced effects of hot weather on the human
body by combining temperature and relative humidity via the dew point to an effective temperature:

Humidex = Tmax + 0.5555

[
6.11 e

5417.7530

(
1

273.16
− 1

273.15+Tdew

)
− 10

]
.

We calculate the humidex at the time of maximum daily temperature using the above formula, the
daily maximum temperature for Tmax, and the daily mean temperature and relative humidity to
approximately compute the dew point temperature Tdew at the time of maximum daily temperature,
exploiting that the dew point does usually not vary much over the course of a day [52, 60]. The
Canadian Center for Occupational Health and Safety links the humidex to human stress as follows
[20].

20–29 comfortable
30–39 some discomfort
40–45 great discomfort, avoid exertion
above 45 dangerous, heat stroke possible

The resulting probabilities of occurrence are very low under pre-industrial climate conditions, with
less than 1 % of the global land area being affected by heatwaves annually. This area fraction rises
to about 7 % at 2 ◦C of global warming, and to about 10 % at 4 ◦C of global warming. The emissions
scenario-dependence of the relationship between global mean temperature change and global land area
affected by heatwave is low as are differences between GCMs.

7.2 People exposed

It is assumed that if a grid cell is struck by a heatwave, then all people living in that grid cell are
affected by that heatwave. Therefore, the population fraction exposed to heatwave is set equal to the
area fraction affected by heatwave at the 0.5◦ grid level. Less than 1 % of the global population is
exposed to heatwaves annually under pre-industrial climate conditions. This fraction rises to about
12 % at 2 ◦C of global warming, and to 24 % at 4 ◦C of global warming. The emissions scenario-
dependence of the relationship between global mean temperature change and heatwave exposure of
the global population is low as are differences between GCMs.

7.3 Occurrence probability at grid scale

Owing to the relative criterion used here to define heatwaves, under pre-industrial climate conditions,
the probability of occurrence of a heatwave is less than 2.5 % annually everywhere on the globe. With
increasing global mean temperature, an increase in the probability of occurrence of heatwaves over the
tropics and subtropics is found for all three GCMs. Already at 2 ◦C of global warming, various regions
are affected by heatwaves every second year or more often. For GFDL-ESM2M and MIROC5, these
regions are parts of Latin America, Central America and the Southern USA, Central, East and North
Africa, North India and the Persian Gulf region. For IPSL-CM5A-LR, less pronounced probability
increases are found in North Africa and around the Persian Gulf and more pronounced probability
increases are found in South-East Asia and North Australia.
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Figure S22: Pure effect of climate change on global population fraction exposed to heatwaves.
Absolute change in global population fraction exposed (PFE) to heatwaves at different levels of global mean
temperature (GMT) change relative to the long-term pre-industrial mean GMT as simulated by different impact
models (symbols) driven by different GCMs (colors). Symbols indicate the impact model-GCM combination-
specific median response to global warming (these are identical to the red solid lines in Panel D of Figures
S234 . . . S236). Solid lines are the medians over all impact models per GCM. The shaded areas are the corre-
sponding 20th-to-80th percentile ranges.
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Figure S23: Probability of occurrence of at least one heatwave event per year at different levels of
global mean temperature. Panels A, C, E: Probabilities at 0 ◦C, 1.5 ◦C, 2 ◦C, respectively. Panels B, D, F:
Differences between probability at 2 ◦C and 1.5 ◦C, 1.5 ◦C and 0 ◦C, 2 ◦C and 0 ◦C, respectively. White in panels
B, D, F indicates that less then 66 % of the impact model-GCM combinations agree on the sign of the difference.
The impact model-GCM combination-specific occurrence probabilities are shown in Figures S237 . . . S239.

S41



8 Model specific results

8.1 Floods
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Figure S24: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (GFDL-ESM2M + H08). Panel A: Time series of annual global land area fraction affected
(AFA) by flood events for pre-industrial climate (grey dots), historical climate (black dots), climate projections
for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic conditions are varied
according to the historically observed development between 1860 and 2005, and held fixed at 1860 conditions
before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent the range from
the 2nd to the 98th percentile of the distribution of the annual AFA under pre-industrial climate conditions
in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the respective median
values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of the respective
values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated GCM-specific
annual global mean temperature (GMT) change relative to the long-term pre-industrial mean. Panel C: Pure
effect of climate change on AFA, calculated as the difference between the annual data shown in Panel A and the
median of the simulations assuming pre-industrial climate conditions (solid gray line in Panel A). Panel D: Pure
effect of climate change on AFA in terms of global mean temperature change, with distributions of the annual
data estimated for each 1◦C-wide bin of global mean temperature change that contains at least five data points,
at least one data point above and at least one data point below the bin center. Areas shaded in red represent
the range from the 20th to the 80th percentile around the median (solid red line) of these distributions. Areas
shaded in gray represent the range from the 2nd to the 98th percentile of the zero-centered distribution of the
annual AFA under pre-industrial climate and 2005 socio-economic conditions (cf. Panel A). The green vertical
line represents the detection level defined as the global warming level at which a 1-in-50-years event under
pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years event under changing climate
and 2005 socio-economic conditions.
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Figure S25: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + H08). Analogous to Figure S24.
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Figure S26: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (MIROC5 + H08). Analogous to Figure S24.
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Figure S27: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S24.
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Figure S28: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (GFDL-ESM2M + LPJmL). Analogous to Figure S24.
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Figure S29: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S24.
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Figure S30: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (MIROC5 + LPJmL). Analogous to Figure S24.
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Figure S31: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (GFDL-ESM2M + MPI-HM). Analogous to Figure S24.
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Figure S32: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S24.
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Figure S33: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (MIROC5 + MPI-HM). Analogous to Figure S24.
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Figure S34: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S24.
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Figure S35: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S24.
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Figure S36: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S24.
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Figure S37: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S24.
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Figure S38: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (MIROC5 + PCR-GLOBWB). Analogous to Figure S24.
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Figure S39: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (GFDL-ESM2M + WaterGAP2). Analogous to Figure S24.

0.0

0.2

0.4

0.6

0.8

G
lo

b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 F

lo
o
d
 [

%
]

A B

piControl
historical
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 F

lo
o
d
 [

%
]

C

0 1 2 3 4
GMT [°C]

D

Figure S40: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S24.
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Figure S41: Derivation of the pure effect of climate change on global land area fraction affected by
flood events (MIROC5 + WaterGAP2). Analogous to Figure S24.
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Figure S42: Derivation of the pure effect of climate change on global population fraction affected by
flood events (GFDL-ESM2M + H08). Panel A: Time series of annual global population fraction affected
(PFA) by flood events for pre-industrial climate (grey dots), historical climate (black dots), climate projections
for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic conditions are varied
according to the historically observed development between 1860 and 2005, and held fixed at 1860 conditions
before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent the range from
the 2nd to the 98th percentile of the distribution of the annual PFA under pre-industrial climate conditions
in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the respective median
values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of the respective
values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated GCM-specific
annual global mean temperature (GMT) change relative to the long-term pre-industrial mean. Panel C: Pure
effect of climate change on PFA, calculated as the difference between the annual data shown in Panel A and the
median of the simulations assuming pre-industrial climate conditions (solid gray line in Panel A). Panel D: Pure
effect of climate change on PFA in terms of global mean temperature change, with distributions of the annual
data estimated for each 1◦C-wide bin of global mean temperature change that contains at least five data points,
at least one data point above and at least one data point below the bin center. Areas shaded in red represent
the range from the 20th to the 80th percentile around the median (solid red line) of these distributions. Areas
shaded in gray represent the range from the 2nd to the 98th percentile of the zero-centered distribution of the
annual PFA under pre-industrial climate and 2005 socio-economic conditions (cf. Panel A). The green vertical
line represents the detection level defined as the global warming level at which a 1-in-50-years event under
pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years event under changing climate
and 2005 socio-economic conditions.
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Figure S43: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + H08). Analogous to Figure S42.
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Figure S44: Derivation of the pure effect of climate change on global population fraction affected
by flood events (MIROC5 + H08). Analogous to Figure S42.
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Figure S45: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S42.
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Figure S46: Derivation of the pure effect of climate change on global population fraction affected
by flood events (GFDL-ESM2M + LPJmL). Analogous to Figure S42.
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Figure S47: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S42.
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Figure S48: Derivation of the pure effect of climate change on global population fraction affected
by flood events (MIROC5 + LPJmL). Analogous to Figure S42.
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Figure S49: Derivation of the pure effect of climate change on global population fraction affected
by flood events (GFDL-ESM2M + MPI-HM). Analogous to Figure S42.
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Figure S50: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S42.
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Figure S51: Derivation of the pure effect of climate change on global population fraction affected
by flood events (MIROC5 + MPI-HM). Analogous to Figure S42.
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Figure S52: Derivation of the pure effect of climate change on global population fraction affected
by flood events (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S42.
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Figure S53: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S42.
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Figure S54: Derivation of the pure effect of climate change on global population fraction affected
by flood events (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S42.
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Figure S55: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S42.
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Figure S56: Derivation of the pure effect of climate change on global population fraction affected
by flood events (MIROC5 + PCR-GLOBWB). Analogous to Figure S42.
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Figure S57: Derivation of the pure effect of climate change on global population fraction affected
by flood events (GFDL-ESM2M + WaterGAP2). Analogous to Figure S42.
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Figure S58: Derivation of the pure effect of climate change on global population fraction affected
by flood events (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S42.
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Figure S59: Derivation of the pure effect of climate change on global population fraction affected
by flood events (MIROC5 + WaterGAP2). Analogous to Figure S42.
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Occurrence probability at grid scale
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Figure S60: Probability of occurrence of at least one flood event per year at different global warming
levels (GFDL-ESM2M + H08). Panels A, C, E: Probabilities at 0◦C, 1.5◦C, 2◦C global mean temperature
(GMT) change relative to the long-term pre-industrial mean GMT, respectively. Panels B, D, F: Differences
between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C and 0◦C, respectively.
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Figure S61: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + H08). Analogous to Figure S175.
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Figure S62: Probability of occurrence of at least one flood event per year at different global warming
levels (MIROC5 + H08). Analogous to Figure S175.
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Figure S63: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S175.
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Figure S64: Probability of occurrence of at least one flood event per year at different global warming
levels (GFDL-ESM2M + LPJmL). Analogous to Figure S175.
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Figure S65: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + LPJmL). Analogous to Figure S175.
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Figure S66: Probability of occurrence of at least one flood event per year at different global warming
levels (MIROC5 + LPJmL). Analogous to Figure S175.
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Figure S67: Probability of occurrence of at least one flood event per year at different global warming
levels (GFDL-ESM2M + MPI-HM). Analogous to Figure S175.
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Figure S68: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S175.
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Figure S69: Probability of occurrence of at least one flood event per year at different global warming
levels (MIROC5 + MPI-HM). Analogous to Figure S175.
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Figure S70: Probability of occurrence of at least one flood event per year at different global warming
levels (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S175.
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Figure S71: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S175.
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Figure S72: Probability of occurrence of at least one flood event per year at different global warming
levels (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S175.
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Figure S73: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S175.
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Figure S74: Probability of occurrence of at least one flood event per year at different global warming
levels (MIROC5 + PCR-GLOBWB). Analogous to Figure S175.
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Figure S75: Probability of occurrence of at least one flood event per year at different global warming
levels (GFDL-ESM2M + WaterGAP2). Analogous to Figure S175.
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Figure S76: Probability of occurrence of at least one flood event per year at different global warming
levels (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S175.
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Figure S77: Probability of occurrence of at least one flood event per year at different global warming
levels (MIROC5 + WaterGAP2). Analogous to Figure S175.
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8.2 Tropical Cyclones

For tropical cyclones we provide 100 model realizations of the same model. Here we show one example,
i.e. one realization for each GCM. Despite slight differences between different realizations, that ac-
count for the stochasticity of tropical cyclone impacts, we do not observe relevant realization-specific
deviations that require a detailed discussion. All model realizations-GCM combinations are available
on request.
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Figure S78: Derivation of the pure effect of climate change on global land area fraction affected
by tropical cyclone events (GFDL-ESM2M + KE-TG-001). Panel A: Time series of annual global land
area fraction affected (AFA) by tropical cyclone events for pre-industrial climate (grey dots), historical climate
(black dots), climate projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-
economic conditions are varied according to the historically observed development between 1860 and 2005, and
held fixed at 1860 conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after
2005 represent the range from the 2nd to the 98th percentile of the distribution of the annual AFA under
pre-industrial climate conditions in combination with 1860/2005 socio-economic conditions; the solid gray lines
represent the respective median values; the shaded areas and solid gray line between 1860 and 2005 are linear
interpolations of the respective values before 1860 and after 2005. Panel B: Data shown in Panel A plotted
against the associated GCM-specific annual global mean temperature (GMT) change relative to the long-term
pre-industrial mean. Panel C: Pure effect of climate change on AFA, calculated as the difference between the
annual data shown in Panel A and the median of the simulations assuming pre-industrial climate conditions
(solid gray line in Panel A). Panel D: Pure effect of climate change on AFA in terms of global mean temperature
change, with distributions of the annual data estimated for each 1◦C-wide bin of global mean temperature change
that contains at least five data points, at least one data point above and at least one data point below the bin
center. Areas shaded in red represent the range from the 20th to the 80th percentile around the median (solid red
line) of these distributions. Areas shaded in gray represent the range from the 2nd to the 98th percentile of the
zero-centered distribution of the annual AFA under pre-industrial climate and 2005 socio-economic conditions
(cf. Panel A). The green vertical line represents the detection level defined as the global warming level at which
a 1-in-50-years event under pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years
event under changing climate and 2005 socio-economic conditions.
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Figure S79: Derivation of the pure effect of climate change on global land area fraction affected by
tropical cyclone events (IPSL-CM5A-LR + KE-TG-001). Analogous to Figure S78.
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Figure S80: Derivation of the pure effect of climate change on global land area fraction affected by
tropical cyclone events (MIROC5 + KE-TG-001). Analogous to Figure S78.
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Figure S81: Derivation of the pure effect of climate change on global population fraction affected
by tropical cyclone events (GFDL-ESM2M + KE-TG-001). Panel A: Time series of annual global
population fraction affected (PFA) by tropical cyclone events for pre-industrial climate (grey dots), historical
climate (black dots), climate projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations,
socio-economic conditions are varied according to the historically observed development between 1860 and 2005,
and held fixed at 1860 conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after
2005 represent the range from the 2nd to the 98th percentile of the distribution of the annual PFA under
pre-industrial climate conditions in combination with 1860/2005 socio-economic conditions; the solid gray lines
represent the respective median values; the shaded areas and solid gray line between 1860 and 2005 are linear
interpolations of the respective values before 1860 and after 2005. Panel B: Data shown in Panel A plotted
against the associated GCM-specific annual global mean temperature (GMT) change relative to the long-term
pre-industrial mean. Panel C: Pure effect of climate change on PFA, calculated as the difference between the
annual data shown in Panel A and the median of the simulations assuming pre-industrial climate conditions
(solid gray line in Panel A). Panel D: Pure effect of climate change on PFA in terms of global mean temperature
change, with distributions of the annual data estimated for each 1◦C-wide bin of global mean temperature change
that contains at least five data points, at least one data point above and at least one data point below the bin
center. Areas shaded in red represent the range from the 20th to the 80th percentile around the median (solid red
line) of these distributions. Areas shaded in gray represent the range from the 2nd to the 98th percentile of the
zero-centered distribution of the annual PFA under pre-industrial climate and 2005 socio-economic conditions
(cf. Panel A). The green vertical line represents the detection level defined as the global warming level at which
a 1-in-50-years event under pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years
event under changing climate and 2005 socio-economic conditions.
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Figure S82: Derivation of the pure effect of climate change on global population fraction affected
by tropical cyclone events (IPSL-CM5A-LR + KE-TG-001). Analogous to Figure S81.
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Figure S83: Derivation of the pure effect of climate change on global population fraction affected
by tropical cyclone events (MIROC5 + KE-TG-001). Analogous to Figure S81.

Occurrence probability at grid scale
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Figure S84: Probability of occurrence of at least one tropical cyclone event per year at different
global warming levels (GFDL-ESM2M + KE-TG-001). Panels A, C, E: Probabilities at 0◦C, 1.5◦C,
2◦C global mean temperature (GMT) change relative to the long-term pre-industrial mean GMT, respectively.
Panels B, D, F: Differences between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C
and 0◦C, respectively.

S84



A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

5 10 15 20 25 30 35 40
Occurrence Probability [%]

F 2°C 0°C

10 8 6 4 2 0 2 4 6 8 10
Change in Occurrence Probability [%]

Figure S85: Probability of occurrence of at least one tropical cyclone event per year at different
global warming levels (IPSL-CM5A-LR + KE-TG-001). Analogous to Figure S84.
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Figure S86: Probability of occurrence of at least one tropical cyclone event per year at different
global warming levels (MIROC5 + KE-TG-001). Analogous to Figure S84.
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8.3 Crop failures

Areas affected

0.0

0.1

0.2

0.3

0.4

0.5

G
lo

b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 C

ro
p
 F

a
ilu

re
 [

%
] A B

piControl
historical
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 C

ro
p
 F

a
ilu

re
 [

%
] C

0 1 2 3 4
GMT [°C]

D

Figure S87: Derivation of the pure effect of climate change on global land area fraction affected
by crop failure events (GFDL-ESM2M + GEPIC). Panel A: Time series of annual global land area
fraction affected (AFA) by crop failure events for pre-industrial climate (grey dots), historical climate (black
dots), climate projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic
conditions are varied according to the historically observed development between 1860 and 2005, and held fixed
at 1860 conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent
the range from the 2nd to the 98th percentile of the distribution of the annual AFA under pre-industrial
climate conditions in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the
respective median values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of
the respective values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated
GCM-specific annual global mean temperature (GMT) change relative to the long-term pre-industrial mean.
Panel C: Pure effect of climate change on AFA, calculated as the difference between the annual data shown
in Panel A and the median of the simulations assuming pre-industrial climate conditions (solid gray line in
Panel A). Panel D: Pure effect of climate change on AFA in terms of global mean temperature change, with
distributions of the annual data estimated for each 1◦C-wide bin of global mean temperature change that
contains at least five data points, at least one data point above and at least one data point below the bin center.
Areas shaded in red represent the range from the 20th to the 80th percentile around the median (solid red
line) of these distributions. Areas shaded in gray represent the range from the 2nd to the 98th percentile of the
zero-centered distribution of the annual AFA under pre-industrial climate and 2005 socio-economic conditions
(cf. Panel A). The green vertical line represents the detection level defined as the global warming level at which
a 1-in-50-years event under pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years
event under changing climate and 2005 socio-economic conditions.
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Figure S88: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (IPSL-CM5A-LR + GEPIC). Analogous to Figure S87.
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Figure S89: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (MIROC5 + GEPIC). Analogous to Figure S87.
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Figure S90: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (GFDL-ESM2M + LPJmL). Analogous to Figure S87.
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Figure S91: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S87.
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Figure S92: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (MIROC5 + LPJmL). Analogous to Figure S87.
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Figure S93: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (GFDL-ESM2M + PEPIC). Analogous to Figure S87.
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Figure S94: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (IPSL-CM5A-LR + PEPIC). Analogous to Figure S87.
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Figure S95: Derivation of the pure effect of climate change on global land area fraction affected by
crop failure events (MIROC5 + PEPIC). Analogous to Figure S87.

S91



People exposed

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5
G

lo
b
a
l 
P
o
p
u
la

ti
o
n

E
x
p
o
se

d
 t

o
 C

ro
p
 F

a
ilu

re
 [

%
] A B

piControl
historical
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
P
o
p
u
la

ti
o
n

E
x
p
o
se

d
 t

o
 C

ro
p
 F

a
ilu

re
 [

%
] C

0 1 2 3 4
GMT [°C]

D

Figure S96: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (GFDL-ESM2M + GEPIC). Panel A: Time series of annual global population
fraction affected (PFA) by crop failure events for pre-industrial climate (grey dots), historical climate (black
dots), climate projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic
conditions are varied according to the historically observed development between 1860 and 2005, and held fixed
at 1860 conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent
the range from the 2nd to the 98th percentile of the distribution of the annual PFA under pre-industrial
climate conditions in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the
respective median values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of
the respective values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated
GCM-specific annual global mean temperature (GMT) change relative to the long-term pre-industrial mean.
Panel C: Pure effect of climate change on PFA, calculated as the difference between the annual data shown
in Panel A and the median of the simulations assuming pre-industrial climate conditions (solid gray line in
Panel A). Panel D: Pure effect of climate change on PFA in terms of global mean temperature change, with
distributions of the annual data estimated for each 1◦C-wide bin of global mean temperature change that
contains at least five data points, at least one data point above and at least one data point below the bin center.
Areas shaded in red represent the range from the 20th to the 80th percentile around the median (solid red
line) of these distributions. Areas shaded in gray represent the range from the 2nd to the 98th percentile of the
zero-centered distribution of the annual PFA under pre-industrial climate and 2005 socio-economic conditions
(cf. Panel A). The green vertical line represents the detection level defined as the global warming level at which
a 1-in-50-years event under pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years
event under changing climate and 2005 socio-economic conditions.
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Figure S97: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (IPSL-CM5A-LR + GEPIC). Analogous to Figure S96.
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Figure S98: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (MIROC5 + GEPIC). Analogous to Figure S96.
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Figure S99: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (GFDL-ESM2M + LPJmL). Analogous to Figure S96.
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Figure S100: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S96.
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Figure S101: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (MIROC5 + LPJmL). Analogous to Figure S96.
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Figure S102: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (GFDL-ESM2M + PEPIC). Analogous to Figure S96.
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Figure S103: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (IPSL-CM5A-LR + PEPIC). Analogous to Figure S96.
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Figure S104: Derivation of the pure effect of climate change on global population fraction affected
by crop failure events (MIROC5 + PEPIC). Analogous to Figure S96.
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Occurrence probability at grid scale
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Figure S105: Probability of occurrence of at least one crop failure event per year at different global
warming levels (GFDL-ESM2M + GEPIC). Panels A, C, E: Probabilities at 0◦C, 1.5◦C, 2◦C global
mean temperature (GMT) change relative to the long-term pre-industrial mean GMT, respectively. Panels B,
D, F: Differences between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C and 0◦C,
respectively.
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Figure S106: Probability of occurrence of at least one crop failure event per year at different global
warming levels (IPSL-CM5A-LR + GEPIC). Analogous to Figure S105.
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Figure S107: Probability of occurrence of at least one crop failure event per year at different global
warming levels (MIROC5 + GEPIC). Analogous to Figure S105.
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Figure S108: Probability of occurrence of at least one crop failure event per year at different global
warming levels (GFDL-ESM2M + LPJmL). Analogous to Figure S105.
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Figure S109: Probability of occurrence of at least one crop failure event per year at different global
warming levels (IPSL-CM5A-LR + LPJmL). Analogous to Figure S105.
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Figure S110: Probability of occurrence of at least one crop failure event per year at different global
warming levels (MIROC5 + LPJmL). Analogous to Figure S105.
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Figure S111: Probability of occurrence of at least one crop failure event per year at different global
warming levels (GFDL-ESM2M + PEPIC). Analogous to Figure S105.
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Figure S112: Probability of occurrence of at least one crop failure event per year at different global
warming levels (IPSL-CM5A-LR + PEPIC). Analogous to Figure S105.
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Figure S113: Probability of occurrence of at least one crop failure event per year at different global
warming levels (MIROC5 + PEPIC). Analogous to Figure S105.
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8.4 Wildfires
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Figure S114: Derivation of the pure effect of climate change on global land area fraction affected by
wildfire events (GFDL-ESM2M + CARAIB). Panel A: Time series of annual global land area fraction
affected (AFA) by wildfire events for pre-industrial climate (grey dots), historical climate (black dots), climate
projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic conditions
are varied according to the historically observed development between 1860 and 2005, and held fixed at 1860
conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent the range
from the 2nd to the 98th percentile of the distribution of the annual AFA under pre-industrial climate conditions
in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the respective median
values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of the respective
values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated GCM-specific
annual global mean temperature (GMT) change relative to the long-term pre-industrial mean. Panel C: Pure
effect of climate change on AFA, calculated as the difference between the annual data shown in Panel A and the
median of the simulations assuming pre-industrial climate conditions (solid gray line in Panel A). Panel D: Pure
effect of climate change on AFA in terms of global mean temperature change, with distributions of the annual
data estimated for each 1◦C-wide bin of global mean temperature change that contains at least five data points,
at least one data point above and at least one data point below the bin center. Areas shaded in red represent
the range from the 20th to the 80th percentile around the median (solid red line) of these distributions. Areas
shaded in gray represent the range from the 2nd to the 98th percentile of the zero-centered distribution of the
annual AFA under pre-industrial climate and 2005 socio-economic conditions (cf. Panel A). The green vertical
line represents the detection level defined as the global warming level at which a 1-in-50-years event under
pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years event under changing climate
and 2005 socio-economic conditions.
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Figure S115: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (IPSL-CM5A-LR + CARAIB). Analogous to Figure S114.
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Figure S116: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (MIROC5 + CARAIB). Analogous to Figure S114.
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Figure S117: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (GFDL-ESM2M + LPJ-GUESS). Analogous to Figure S114.
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Figure S118: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (IPSL-CM5A-LR + LPJ-GUESS). Analogous to Figure S114.
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Figure S119: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (MIROC5 + LPJ-GUESS). Analogous to Figure S114.
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Figure S120: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (GFDL-ESM2M + LPJmL). Analogous to Figure S114.
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Figure S121: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S114.

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

G
lo

b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 W

ild
fi
re

 [
%

]

A B

piControl
historical
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 W

ild
fi
re

 [
%

]

C

0 1 2 3 4
GMT [°C]

D

Figure S122: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (MIROC5 + LPJmL). Analogous to Figure S114.

S110



0.35

0.40

0.45

0.50

0.55

0.60

0.65

G
lo

b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 W

ild
fi
re

 [
%

]

A B

piControl
historical
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0.15

0.10

0.05

0.00

0.05

0.10

0.15

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 W

ild
fi
re

 [
%

]

C

0 1 2 3 4
GMT [°C]

D

Figure S123: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S114.
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Figure S124: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S114.
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Figure S125: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (GFDL-ESM2M + VISIT). Analogous to Figure S114.
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Figure S126: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (IPSL-CM5A-LR + VISIT). Analogous to Figure S114.
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Figure S127: Derivation of the pure effect of climate change on global land area fraction affected
by wildfire events (MIROC5 + VISIT). Analogous to Figure S114.
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Figure S128: Derivation of the pure effect of climate change on global population fraction affected by
wildfire events (GFDL-ESM2M + CARAIB). Panel A: Time series of annual global population fraction
affected (PFA) by wildfire events for pre-industrial climate (grey dots), historical climate (black dots), climate
projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic conditions
are varied according to the historically observed development between 1860 and 2005, and held fixed at 1860
conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent the range
from the 2nd to the 98th percentile of the distribution of the annual PFA under pre-industrial climate conditions
in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the respective median
values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of the respective
values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated GCM-specific
annual global mean temperature (GMT) change relative to the long-term pre-industrial mean. Panel C: Pure
effect of climate change on PFA, calculated as the difference between the annual data shown in Panel A and the
median of the simulations assuming pre-industrial climate conditions (solid gray line in Panel A). Panel D: Pure
effect of climate change on PFA in terms of global mean temperature change, with distributions of the annual
data estimated for each 1◦C-wide bin of global mean temperature change that contains at least five data points,
at least one data point above and at least one data point below the bin center. Areas shaded in red represent
the range from the 20th to the 80th percentile around the median (solid red line) of these distributions. Areas
shaded in gray represent the range from the 2nd to the 98th percentile of the zero-centered distribution of the
annual PFA under pre-industrial climate and 2005 socio-economic conditions (cf. Panel A). The green vertical
line represents the detection level defined as the global warming level at which a 1-in-50-years event under
pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years event under changing climate
and 2005 socio-economic conditions.
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Figure S129: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (IPSL-CM5A-LR + CARAIB). Analogous to Figure S128.
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Figure S130: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (MIROC5 + CARAIB). Analogous to Figure S128.
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Figure S131: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (GFDL-ESM2M + LPJ-GUESS). Analogous to Figure S128.

0.5

0.6

0.7

0.8

0.9

G
lo

b
a
l 
P
o
p
u
la

ti
o
n

E
x
p
o
se

d
 t

o
 W

ild
fi
re

 [
%

]

A B

piControl
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0.1

0.0

0.1

0.2

0.3

0.4

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
P
o
p
u
la

ti
o
n

E
x
p
o
se

d
 t

o
 W

ild
fi
re

 [
%

]

C

0 1 2 3 4
GMT [°C]

D

Figure S132: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (IPSL-CM5A-LR + LPJ-GUESS). Analogous to Figure S128.
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Figure S133: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (MIROC5 + LPJ-GUESS). Analogous to Figure S128.
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Figure S134: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (GFDL-ESM2M + LPJmL). Analogous to Figure S128.
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Figure S135: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S128.
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Figure S136: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (MIROC5 + LPJmL). Analogous to Figure S128.
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Figure S137: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S128.
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Figure S138: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S128.
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Figure S139: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (GFDL-ESM2M + VISIT). Analogous to Figure S128.
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Figure S140: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (IPSL-CM5A-LR + VISIT). Analogous to Figure S128.
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Figure S141: Derivation of the pure effect of climate change on global population fraction affected
by wildfire events (MIROC5 + VISIT). Analogous to Figure S128.
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Occurrence probability at grid scale
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Figure S142: Probability of occurrence of at least one wildfire event per year at different global
warming levels (GFDL-ESM2M + CARAIB). Panels A, C, E: Probabilities at 0◦C, 1.5◦C, 2◦C global
mean temperature (GMT) change relative to the long-term pre-industrial mean GMT, respectively. Panels B,
D, F: Differences between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C and 0◦C,
respectively.
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Figure S143: Probability of occurrence of at least one wildfire event per year at different global
warming levels (IPSL-CM5A-LR + CARAIB). Analogous to Figure S142.
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Figure S144: Probability of occurrence of at least one wildfire event per year at different global
warming levels (MIROC5 + CARAIB). Analogous to Figure S142.
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Figure S145: Probability of occurrence of at least one wildfire event per year at different global
warming levels (GFDL-ESM2M + LPJ-GUESS). Analogous to Figure S142.
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Figure S146: Probability of occurrence of at least one wildfire event per year at different global
warming levels (IPSL-CM5A-LR + LPJ-GUESS). Analogous to Figure S142.
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Figure S147: Probability of occurrence of at least one wildfire event per year at different global
warming levels (MIROC5 + LPJ-GUESS). Analogous to Figure S142.
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Figure S148: Probability of occurrence of at least one wildfire event per year at different global
warming levels (GFDL-ESM2M + LPJmL). Analogous to Figure S142.
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Figure S149: Probability of occurrence of at least one wildfire event per year at different global
warming levels (IPSL-CM5A-LR + LPJmL). Analogous to Figure S142.
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Figure S150: Probability of occurrence of at least one wildfire event per year at different global
warming levels (MIROC5 + LPJmL). Analogous to Figure S142.

S130



A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

5 10 15 20 25 30 35 40
Occurrence Probability [%]

F 2°C 0°C

40 30 20 10 0 10 20 30 40
Change in Occurrence Probability [%]

Figure S151: Probability of occurrence of at least one wildfire event per year at different global
warming levels (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S142.
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Figure S152: Probability of occurrence of at least one wildfire event per year at different global
warming levels (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S142.
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Figure S153: Probability of occurrence of at least one wildfire event per year at different global
warming levels (GFDL-ESM2M + VISIT). Analogous to Figure S142.
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Figure S154: Probability of occurrence of at least one wildfire event per year at different global
warming levels (IPSL-CM5A-LR + VISIT). Analogous to Figure S142.
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Figure S155: Probability of occurrence of at least one wildfire event per year at different global
warming levels (MIROC5 + VISIT). Analogous to Figure S142.
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Figure S156: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + H08). Panel A: Time series of annual global land area fraction
affected (AFA) by drought events for pre-industrial climate (grey dots), historical climate (black dots), climate
projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic conditions
are varied according to the historically observed development between 1860 and 2005, and held fixed at 1860
conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent the range
from the 2nd to the 98th percentile of the distribution of the annual AFA under pre-industrial climate conditions
in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the respective median
values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of the respective
values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated GCM-specific
annual global mean temperature (GMT) change relative to the long-term pre-industrial mean. Panel C: Pure
effect of climate change on AFA, calculated as the difference between the annual data shown in Panel A and the
median of the simulations assuming pre-industrial climate conditions (solid gray line in Panel A). Panel D: Pure
effect of climate change on AFA in terms of global mean temperature change, with distributions of the annual
data estimated for each 1◦C-wide bin of global mean temperature change that contains at least five data points,
at least one data point above and at least one data point below the bin center. Areas shaded in red represent
the range from the 20th to the 80th percentile around the median (solid red line) of these distributions. Areas
shaded in gray represent the range from the 2nd to the 98th percentile of the zero-centered distribution of the
annual AFA under pre-industrial climate and 2005 socio-economic conditions (cf. Panel A). The green vertical
line represents the detection level defined as the global warming level at which a 1-in-50-years event under
pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years event under changing climate
and 2005 socio-economic conditions.
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Figure S157: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + H08). Analogous to Figure S156.
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Figure S158: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (MIROC5 + H08). Analogous to Figure S156.
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Figure S159: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + JULES-W1). Analogous to Figure S156.
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Figure S160: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S156.
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Figure S161: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + LPJmL). Analogous to Figure S156.
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Figure S162: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S156.
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Figure S163: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (MIROC5 + LPJmL). Analogous to Figure S156.
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Figure S164: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + MPI-HM). Analogous to Figure S156.
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Figure S165: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S156.

0

2

4

6

8

G
lo

b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 D

ro
u
g
h
t 

[%
]

A B

piControl
historical
rcp26
rcp60

1700 1800 1900 2000 2100 2200
Year

0

2

4

6

8

C
h
a
n
g
e
 i
n
 G

lo
b
a
l 
La

n
d
 A

re
a

A
ff

e
ct

e
d
 b

y
 D

ro
u
g
h
t 

[%
]

C

0 1 2 3 4
GMT [°C]

D

Figure S166: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (MIROC5 + MPI-HM). Analogous to Figure S156.
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Figure S167: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S156.
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Figure S168: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S156.
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Figure S169: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S156.
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Figure S170: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S156.
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Figure S171: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (MIROC5 + PCR-GLOBWB). Analogous to Figure S156.
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Figure S172: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (GFDL-ESM2M + WaterGAP2). Analogous to Figure S156.
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Figure S173: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S156.
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Figure S174: Derivation of the pure effect of climate change on global land area fraction affected
by drought events (MIROC5 + WaterGAP2). Analogous to Figure S156.
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Occurrence probability at grid scale
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Figure S175: Probability of occurrence of at least one flood event per year at different global
warming levels (GFDL-ESM2M + H08). Panels A, C, E: Probabilities at 0◦C, 1.5◦C, 2◦C global mean
temperature (GMT) change relative to the long-term pre-industrial mean GMT, respectively. Panels B, D,
F: Differences between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C and 0◦C,
respectively.
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Figure S176: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + H08). Analogous to Figure S175.
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Figure S177: Probability of occurrence of at least one flood event per year at different global
warming levels (MIROC5 + H08). Analogous to Figure S175.
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Figure S178: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S175.
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Figure S179: Probability of occurrence of at least one flood event per year at different global
warming levels (GFDL-ESM2M + LPJmL). Analogous to Figure S175.
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Figure S180: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + LPJmL). Analogous to Figure S175.
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Figure S181: Probability of occurrence of at least one flood event per year at different global
warming levels (MIROC5 + LPJmL). Analogous to Figure S175.
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Figure S182: Probability of occurrence of at least one flood event per year at different global
warming levels (GFDL-ESM2M + MPI-HM). Analogous to Figure S175.
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Figure S183: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S175.
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Figure S184: Probability of occurrence of at least one flood event per year at different global
warming levels (MIROC5 + MPI-HM). Analogous to Figure S175.
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Figure S185: Probability of occurrence of at least one flood event per year at different global
warming levels (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S175.
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Figure S186: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S175.
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Figure S187: Probability of occurrence of at least one flood event per year at different global
warming levels (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S175.
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Figure S188: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S175.
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Figure S189: Probability of occurrence of at least one flood event per year at different global
warming levels (MIROC5 + PCR-GLOBWB). Analogous to Figure S175.
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Figure S190: Probability of occurrence of at least one flood event per year at different global
warming levels (GFDL-ESM2M + WaterGAP2). Analogous to Figure S175.
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Figure S191: Probability of occurrence of at least one flood event per year at different global
warming levels (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S175.
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Figure S192: Probability of occurrence of at least one flood event per year at different global
warming levels (MIROC5 + WaterGAP2). Analogous to Figure S175.
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Figure S193: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + H08). Panel A: Time series of annual global population fraction
affected (PFA) by drought events for pre-industrial climate (grey dots), historical climate (black dots), climate
projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic conditions
are varied according to the historically observed development between 1860 and 2005, and held fixed at 1860
conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent the range
from the 2nd to the 98th percentile of the distribution of the annual PFA under pre-industrial climate conditions
in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the respective median
values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of the respective
values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated GCM-specific
annual global mean temperature (GMT) change relative to the long-term pre-industrial mean. Panel C: Pure
effect of climate change on PFA, calculated as the difference between the annual data shown in Panel A and the
median of the simulations assuming pre-industrial climate conditions (solid gray line in Panel A). Panel D: Pure
effect of climate change on PFA in terms of global mean temperature change, with distributions of the annual
data estimated for each 1◦C-wide bin of global mean temperature change that contains at least five data points,
at least one data point above and at least one data point below the bin center. Areas shaded in red represent
the range from the 20th to the 80th percentile around the median (solid red line) of these distributions. Areas
shaded in gray represent the range from the 2nd to the 98th percentile of the zero-centered distribution of the
annual PFA under pre-industrial climate and 2005 socio-economic conditions (cf. Panel A). The green vertical
line represents the detection level defined as the global warming level at which a 1-in-50-years event under
pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years event under changing climate
and 2005 socio-economic conditions.
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Figure S194: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + H08). Analogous to Figure S193.
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Figure S195: Derivation of the pure effect of climate change on global population fraction affected
by drought events (MIROC5 + H08). Analogous to Figure S193.
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Figure S196: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + JULES-W1). Analogous to Figure S193.
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Figure S197: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S193.
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Figure S198: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + LPJmL). Analogous to Figure S193.
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Figure S199: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + LPJmL). Analogous to Figure S193.
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Figure S200: Derivation of the pure effect of climate change on global population fraction affected
by drought events (MIROC5 + LPJmL). Analogous to Figure S193.
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Figure S201: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + MPI-HM). Analogous to Figure S193.
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Figure S202: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S193.
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Figure S203: Derivation of the pure effect of climate change on global population fraction affected
by drought events (MIROC5 + MPI-HM). Analogous to Figure S193.
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Figure S204: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S193.
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Figure S205: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S193.
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Figure S206: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S193.
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Figure S207: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S193.
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Figure S208: Derivation of the pure effect of climate change on global population fraction affected
by drought events (MIROC5 + PCR-GLOBWB). Analogous to Figure S193.
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Figure S209: Derivation of the pure effect of climate change on global population fraction affected
by drought events (GFDL-ESM2M + WaterGAP2). Analogous to Figure S193.
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Figure S210: Derivation of the pure effect of climate change on global population fraction affected
by drought events (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S193.
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Figure S211: Derivation of the pure effect of climate change on global population fraction affected
by drought events (MIROC5 + WaterGAP2). Analogous to Figure S193.
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Figure S212: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + H08). Panels A, C, E: Probabilities at 0◦C, 1.5◦C, 2◦C global mean
temperature (GMT) change relative to the long-term pre-industrial mean GMT, respectively. Panels B, D,
F: Differences between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C and 0◦C,
respectively.
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Figure S213: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + H08). Analogous to Figure S212.
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Figure S214: Probability of occurrence of at least one drought event per year at different global
warming levels (MIROC5 + H08). Analogous to Figure S212.

S176



A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

1 2 3 4 5 6 7 8 9 10
Occurrence Probability [%]

F 2°C 0°C

10 8 6 4 2 0 2 4 6 8 10
Change in Occurrence Probability [%]

Figure S215: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + JULES-W1). Analogous to Figure S212.
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Figure S216: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + JULES-W1). Analogous to Figure S212.
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Figure S217: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + LPJmL). Analogous to Figure S212.
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Figure S218: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + LPJmL). Analogous to Figure S212.
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Figure S219: Probability of occurrence of at least one drought event per year at different global
warming levels (MIROC5 + LPJmL). Analogous to Figure S212.
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Figure S220: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + MPI-HM). Analogous to Figure S212.
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Figure S221: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + MPI-HM). Analogous to Figure S212.
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Figure S222: Probability of occurrence of at least one drought event per year at different global
warming levels (MIROC5 + MPI-HM). Analogous to Figure S212.
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Figure S223: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + ORCHIDEE). Analogous to Figure S212.
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Figure S224: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + ORCHIDEE). Analogous to Figure S212.

S186



A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

1 2 3 4 5 6 7 8 9 10
Occurrence Probability [%]

F 2°C 0°C

10 8 6 4 2 0 2 4 6 8 10
Change in Occurrence Probability [%]

Figure S225: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + PCR-GLOBWB). Analogous to Figure S212.
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Figure S226: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + PCR-GLOBWB). Analogous to Figure S212.
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Figure S227: Probability of occurrence of at least one drought event per year at different global
warming levels (MIROC5 + PCR-GLOBWB). Analogous to Figure S212.

S189



A 0°C B 2°C 1.5°C

C 1.5°C D 1.5°C 0°C

E 2°C

1 2 3 4 5 6 7 8 9 10
Occurrence Probability [%]

F 2°C 0°C

10 8 6 4 2 0 2 4 6 8 10
Change in Occurrence Probability [%]

Figure S228: Probability of occurrence of at least one drought event per year at different global
warming levels (GFDL-ESM2M + WaterGAP2). Analogous to Figure S212.
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Figure S229: Probability of occurrence of at least one drought event per year at different global
warming levels (IPSL-CM5A-LR + WaterGAP2). Analogous to Figure S212.
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Figure S230: Probability of occurrence of at least one drought event per year at different global
warming levels (MIROC5 + WaterGAP2). Analogous to Figure S212.
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8.6 Heatwaves
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Figure S231: Derivation of the pure effect of climate change on global land area fraction affected
by heatwave events (GFDL-ESM2M + HWMId-humidex). Panel A: Time series of annual global land
area fraction affected (AFA) by heatwave events for pre-industrial climate (grey dots), historical climate (black
dots), climate projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-economic
conditions are varied according to the historically observed development between 1860 and 2005, and held fixed
at 1860 conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after 2005 represent
the range from the 2nd to the 98th percentile of the distribution of the annual AFA under pre-industrial
climate conditions in combination with 1860/2005 socio-economic conditions; the solid gray lines represent the
respective median values; the shaded areas and solid gray line between 1860 and 2005 are linear interpolations of
the respective values before 1860 and after 2005. Panel B: Data shown in Panel A plotted against the associated
GCM-specific annual global mean temperature (GMT) change relative to the long-term pre-industrial mean.
Panel C: Pure effect of climate change on AFA, calculated as the difference between the annual data shown
in Panel A and the median of the simulations assuming pre-industrial climate conditions (solid gray line in
Panel A). Panel D: Pure effect of climate change on AFA in terms of global mean temperature change, with
distributions of the annual data estimated for each 1◦C-wide bin of global mean temperature change that
contains at least five data points, at least one data point above and at least one data point below the bin center.
Areas shaded in red represent the range from the 20th to the 80th percentile around the median (solid red
line) of these distributions. Areas shaded in gray represent the range from the 2nd to the 98th percentile of the
zero-centered distribution of the annual AFA under pre-industrial climate and 2005 socio-economic conditions
(cf. Panel A). The green vertical line represents the detection level defined as the global warming level at which
a 1-in-50-years event under pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years
event under changing climate and 2005 socio-economic conditions.
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Figure S232: Derivation of the pure effect of climate change on global land area fraction affected
by heatwave events (IPSL-CM5A-LR + HWMId-humidex). Analogous to Figure S231.
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Figure S233: Derivation of the pure effect of climate change on global land area fraction affected
by heatwave events (MIROC5 + HWMId-humidex). Analogous to Figure S231.
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Figure S234: Derivation of the pure effect of climate change on global population fraction affected
by heatwave events (GFDL-ESM2M + HWMId-humidex). Panel A: Time series of annual global
population fraction affected (PFA) by heatwave events for pre-industrial climate (grey dots), historical climate
(black dots), climate projections for RCP2.6 (blue dots), and RCP6.0 (orange dots). In all simulations, socio-
economic conditions are varied according to the historically observed development between 1860 and 2005, and
held fixed at 1860 conditions before 1860 and at 2005 conditions after 2005. Shaded areas before 1860/after
2005 represent the range from the 2nd to the 98th percentile of the distribution of the annual PFA under
pre-industrial climate conditions in combination with 1860/2005 socio-economic conditions; the solid gray lines
represent the respective median values; the shaded areas and solid gray line between 1860 and 2005 are linear
interpolations of the respective values before 1860 and after 2005. Panel B: Data shown in Panel A plotted
against the associated GCM-specific annual global mean temperature (GMT) change relative to the long-term
pre-industrial mean. Panel C: Pure effect of climate change on PFA, calculated as the difference between the
annual data shown in Panel A and the median of the simulations assuming pre-industrial climate conditions
(solid gray line in Panel A). Panel D: Pure effect of climate change on PFA in terms of global mean temperature
change, with distributions of the annual data estimated for each 1◦C-wide bin of global mean temperature change
that contains at least five data points, at least one data point above and at least one data point below the bin
center. Areas shaded in red represent the range from the 20th to the 80th percentile around the median (solid red
line) of these distributions. Areas shaded in gray represent the range from the 2nd to the 98th percentile of the
zero-centered distribution of the annual PFA under pre-industrial climate and 2005 socio-economic conditions
(cf. Panel A). The green vertical line represents the detection level defined as the global warming level at which
a 1-in-50-years event under pre-industrial climate and 2005 socio-economic conditions becomes a 1-in-5-years
event under changing climate and 2005 socio-economic conditions.
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Figure S235: Derivation of the pure effect of climate change on global population fraction affected
by heatwave events (IPSL-CM5A-LR + HWMId-humidex). Analogous to Figure S234.
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Figure S236: Derivation of the pure effect of climate change on global population fraction affected
by heatwave events (MIROC5 + HWMId-humidex). Analogous to Figure S234.
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Occurrence probability at grid scale
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Figure S237: Probability of occurrence of at least one heatwave event per year at different global
warming levels (GFDL-ESM2M + HWMId-humidex). Panels A, C, E: Probabilities at 0◦C, 1.5◦C,
2◦C global mean temperature (GMT) change relative to the long-term pre-industrial mean GMT, respectively.
Panels B, D, F: Differences between probabilities at GMT change levels of 2◦C and 1.5◦C, 1.5◦C and 0◦C, 2◦C
and 0◦C, respectively.
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Figure S238: Probability of occurrence of at least one heatwave event per year at different global
warming levels (IPSL-CM5A-LR + HWMId-humidex). Analogous to Figure S237.
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Figure S239: Probability of occurrence of at least one heatwave event per year at different global
warming levels (MIROC5 + HWMId-humidex). Analogous to Figure S237.
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pyromes and global syndromes of fire regimes. Proceedings of the National Academy of Sciences,
110(16):6442–6447, 2013.
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Sensitivity of simulated global-scale freshwater fluxes and storages to input data, hydrologi-
cal model structure, human water use and calibration. Hydrology and Earth System Sciences,
18(9):3511–3538, 2014.

[49] Washington R. Nyabeze. Estimating and interpreting hydrological drought indices using a selected
catchment in zimbabwe. Physics and Chemistry of the Earth, Parts A/B/C, 29(15):1173–1180,
2004. Water, Science, Technology and Policy Convergence and Action by All (A Meeting Point
for Action leading to Sustainable Development).

[50] F. Pappenberger, E. Dutra, F. Wetterhall, and H. L. Cloke. Deriving global flood hazard
maps of fluvial floods through a physical model cascade. Hydrology and Earth System Sciences,
16(11):4143–4156, 2012.

[51] O. Pechony and D. T. Shindell. Driving forces of global wildfires over the past millennium and
the forthcoming century. Proceedings of the National Academy of Sciences, 107(45):19167–19170,
2010.

[52] Leland T. Peirce. Diurnal variation in the dew-point temperature at asheville, n. c. Monthly
Weather Review, 62(8):289–293, 1934.

[53] Cynthia Rosenzweig, Joshua Elliott, Delphine Deryng, Alex C. Ruane, Christoph Müller, Almut
Arneth, Kenneth J. Boote, Christian Folberth, Michael Glotter, Nikolay Khabarov, Kathleen
Neumann, Franziska Piontek, Thomas A. M. Pugh, Erwin Schmid, Elke Stehfest, Hong Yang,
and James W. Jones. Assessing agricultural risks of climate change in the 21st century in a
global gridded crop model intercomparison. Proceedings of the National Academy of Sciences,
111(9):3268–3273, 2014.

[54] Stefanie Rost, Dieter Gerten, Alberte Bondeau, Wolfgang Lucht, Janine Rohwer, and Sibyll
Schaphoff. Agricultural green and blue water consumption and its influence on the global water
system. Water Resources Research, 44(9):1–17, sep 2008.

[55] Simone Russo, Jana Sillmann, and Erich M Fischer. Top ten european heatwaves since 1950 and
their occurrence in the coming decades. Environmental Research Letters, 10(12):124003, 2015.

[56] Simone Russo, Jana Sillmann, and Andreas Sterl. Humid heat waves at different warming levels.
Scientific Reports, 7(1):7477, 2017.

[57] William J. Sacks, Delphine Deryng, Jonathan A. Foley, and Navin Ramankutty. Crop planting
dates: an analysis of global patterns. Global Ecology and Biogeography, 19(5):607–620, 2010.

S203



[58] Sibyll Schaphoff, Ursula Heyder, Sebastian Ostberg, Dieter Gerten, Jens Heinke, and Wolfgang
Lucht. Contribution of permafrost soils to the global carbon budget. Environmental Research
Letters, 8(1):014026, 2013.

[59] Sibyll Schaphoff, Ursula Heyder, Sebastian Ostberg, Dieter Gerten, Jens Heinke, and Wolfgang
Lucht. Contribution of permafrost soils to the global carbon budget. Environmental Research
Letters, 8(1):014026, 2013.

[60] Peter D. Schwartzman, Patrick J. Michaels, and Paul C. Knappenberger. Observed changes in the
diurnal dewpoint cycles across north america. Geophysical Research Letters, 25(13):2265–2268,
1998.

[61] Paolo Scussolini, Jeroen C. J. H. Aerts, Brenden Jongman, Laurens M. Bouwer, Hessel C. Win-
semius, Hans de Moel, Philip J. Ward, Hans de Moel, and Philip J. Ward. FLOPROS: an evolv-
ing global database of flood protection standards. Natural Hazards and Earth System Sciences,
16(5):1049–1061, may 2016.

[62] Sonia I. Seneviratne, Thierry Corti, Edouard L. Davin, Martin Hirschi, Eric B. Jaeger, Irene
Lehner, Boris Orlowsky, and Adriaan J. Teuling. Investigating soil moisture–climate interactions
in a changing climate: A review. Earth-Science Reviews, 99(3):125–161, 2010.

[63] J. Sheffield and E. F. Wood. Characteristics of global and regional drought, 1950–2000: Analysis
of soil moisture data from off-line simulation of the terrestrial hydrologic cycle. J. Geophys.
Res.-Atmos., 112:D17115, 2007.

[64] Justin Sheffield and Eric F. Wood. Projected changes in drought occurrence under future global
warming from multi-model, multi-scenario, ipcc ar4 simulations. Climate Dynamics, 31(1):79–105,
2008.
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