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Ecosystems and societies have evolved together and are shaped by local nat-
ural hazard regimes. We introduce hazomes, an Earth classification based on
multi-hazard disturbance patterns. By combining open-source intensity and re-
turn period data for eight hazard types, we identify thousands of distinct terres-
trial disturbance regimes. Hazomes aims to deepen insight into ecosystem and
societal resilience, enabling research on how ecological and human systems have
evolved under specific hazard regimes and how they may be threatened by climate
change. Using two complexity-diversity metrics, we demonstrate that hazomes
provide insights beyond climate zones or biomes. Moreover, we show how distant
cities can belong to the same hazome, serving as hazard disturbance analogues for
shared adaptation strategies. This approach complements existing multi-hazard
assessments by shifting the focus from individual events to disturbance regimes,
better reflecting long-term societal adaptation and ecosystem resilience.

1 Introduction

Natural hazards, such as earthquakes, tropical storms, and droughts, play a fundamental role in
shaping human and natural systems (/). For decades, scientists have studied individual hazards,
examining their drivers, intensity (also referred to as magnitudes or severity depending on the
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context), return period (equivalent to the inverse of the frequency), and consequences (2). More
recently, a growing body of research has shifted toward an interdisciplinary perspective, recognising
that the interaction between multiple hazards can amplify risks through compounding and cascading
effects (3, 4). The United Nations Office for Disaster Risk Reduction (UNDRR) and the International
Science Council (ISC) published in 2025 the updated Hazard Information Profiles (HIPs) (5)
to provide a systematic common set of (multi-) hazard definitions. However, a comprehensive
classification of Earth’s regions based on the intensity and frequency characteristics of multiple
natural hazards is currently lacking, despite the availability of global datasets for individual hazards
(6). We introduce the concept of hazomes, a framework that systematically classifies regions by their
unique multi-hazard disturbance regimes, considering their types, return periods, and intensities.

The idea of classifying Earth’s regions based on shared characteristics is well-established,
dating back at least to the early 19th-century and Alexander von Humboldt’s work on vegetation
and climate zones (/). Well-known examples include climate zones, biomes, and ecoregions (&, 9,
10,/11}/12). Climate zones, such as those in the Koppen-Geiger classification (/3}|/4)), are based
on regional differences in seasonal temperature and precipitation. Biomes extend this concept by
characterising large ecological communities primarily by climate and dominant vegetation (/2,//5),
while ecoregions provide a more detailed classification, considering factors such as climate, soil,
and species composition (/6, /7). Although climate-based classification systems have often been
successful in separating different forest ecoregions, recent research showed that multiple non-forest
ecosystems cannot be predicted based on these abiotic factors; instead, they are shaped by their
disturbance regime (/6,//9, 20).

In the field of risk science, the recognition of the limitations of single-hazard analysis has led to
a shift towards studying multi-hazard risks (27,122} 3,4, 123} 24, 25,|26)). Research has demonstrated
how hazards interact in various ways, such as cascading disasters, where one hazard triggers
another (e.g., storm lightning that triggers wildfires) (27), and compounding events, where multiple
hazards occur simultaneously or sequentially, amplifying impacts (e.g., intensified floods after a
drought period) (24). However, integrating different types of hazards into a unified risk assessment
framework remains a challenge due to their diverse characteristics (J)).

Here we combine global terrestrial maps of intensity distributions for different return periods of
eight major hazard types, and define two intensity thresholds for each type. Combining these maps
and thresholds, we define hazomes: global natural multi-hazard terrestrial disturbance regimes.
Our definition is based on the understanding that ecosystems and human systems within a hazome
adapt to their specific combination of multi-hazard intensity and return period profiles, similar
to how organisms in biomes adapt to environmental conditions. For example, small trees with
deep roots can thrive in environments with extreme wind and a high water deficit; and dams may
be built to protect against floods while also being able to withstand earthquakes (28}29). With
this work, our aim is to enable insights into ecosystem and societal resilience, guiding effective
risk management and resilience strategies across diverse regions with a multi-hazard perspective,
reducing maladaptation, and enhancing our capacity to mitigate the impacts of natural hazards on
both natural and societal systems.



2 Hazomes

Our classification of Earth’s land into hazomes (see Fig.[T)) includes eight types of natural hazards,
selected based on two main criteria: 1) the hazard should not be confined to a specific region (e.g.,
tornadoes in North America) or a small area (e.g., landslides), and 2) should be generically relevant
in terms of impacts on societies and ecosystems (see Methods ). Following these considerations,
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Figure 1: Global hazomes map. The included hazard types are heavy precipitation (HP), earth-
quakes (EQ), tropical cyclones (TC), cold stress (CS), heat stress (HS), coastal and river floods (FL),
water deficit (WD), and wildfires (WF). There are 3 return periods (Re: regular; Un: uncommon; Ra:
rare) and 2 intensity (Co: considerable; Ex: extreme) thresholds (see Tab. [I)). All combinations of
hazard type, intensity thresholds, and return periods are in principle possible. In practice, we obtain
8046 different combinations, i.e., hazomes, on land globally. The colour shading of each hazard
type goes from rare-extreme (dark) to regular-considerable (light). The colour of a grid cell is the
additive mixing (as for light, more colours mix to more white) of the colours of the corresponding
hazome. We note that the colour is not always intuitive to interpret visually, and distinct hazomes
might have very similar colours (e.g., rare-extreme floods (dark blue) with regular-considerable
heat stress (light red) mixes to light magenta, similar to regular-considerable earthquakes). All
hazomes colours are shown in the supplementary figure[S4] Since it is not possible to find a unique
colour combination for all 8046 hazomes, an interactive map is available online for more detailed
exploration.

we include heavy precipitation (HP), earthquakes (EQ), tropical cyclones (TC), cold stress (CS),
heat stress (HS), coastal and river floods (FL), temporary water deficit (drought; WD), and wildfires
(WF). For each type of hazard, we deploy return period maps on land at a spatial resolution of 0.5°,


https://data.iac.ethz.ch/WCR_sandbox/Hazomes/hazome_maps.html

which entail the expected intensity at given return periods for each grid cell. For each hazard type
we define regular (Re; < 5— 10 years), uncommon (Un; < 20 — 25 years) and rare (Ra; < 100 years)
return period (i.e., inverse annual occurrence probability) intensity maps if the data is available
(Table[T)). We then split these maps into two intensity categories, representing grid cells subject to
at least considerable (Co) or extreme (EX) intensities (Table |1]).

Each type of hazard is described in terms of one absolute intensity variable (e.g., flood depth
in metres) and corresponding intensity categories (e.g., Co: > 0.3m and Ex:> 1.5m) (Table [1).
Although many studies employ relative values to capture the varying “extremeness” and the potential
resulting impact at a given intensity on ecosystems and societies, we favour absolute values to
ensure global consistency. This allows us to compare regions across the world and contextualise the
occurrence of multiple hazards. For instance, in Zurich (Switzerland), uncommon extreme water
deficits are coupled with rare considerable floods, while in Bengalaru (India), regular extreme
water deficits are paired with regular considerable heavy precipitations and regular considerable
heat stress.

Hazomes are obtained by overlaying the maps of all types of hazards for regular, uncommon,
and rare return periods at considerable and extreme intensity. Then each grid cell is assigned the
most frequent and most extreme value for each hazard type 4| Globally, this yields 8046 hazomes,
i.e., unique combinations of hazard type, return period, and intensity, shown in Figure (1] (see
Methods for the hazome name coding convention {). We find that while there is a certain latitude
pattern similar to the climate zones (/3,|/4), the distribution of hazomes is complex, with several
longitudinal and regional patterns emerging. In particular, while the distribution patterns of the
individual hazards (c.f. figures may be familiar, the combinations of all hazard types
are less intuitive. A series of online interactive maps allows the reader to explore the hazomes
further, providing a rich set of information. For the visual maps, we assign a base colour to each
hazard type and different shades for intensity and return period. A grid cell is coloured with the
additive mix (similar to light mixing, more colours mix to more white) of all combinations of
hazard type, intensity, and return period. As colour mixing is not always intuitive, distinct hazomes
may appear visually similar (e.g., floods and heat stress mixing into light magenta, resembling the
colour for earthquakes), with all colours listed in supplemetary Figure

Hazomes show an intricate pattern of hazard type diversity, with generally a higher number
of hazard types in tropical regions compared to extra-tropical regions (Fig. [2a). Regions with low
hazard diversity include climates that can broadly be considered difficult to sustain life, such as
deserts, high mountain plateaus, or the tundra. For example, deserts such as the Sahara are hot and
arid on average, but are not subject to many extreme deviations and are not affected by many other
hazards. In addition, north-west Europe has a comparatively low hazard diversity, with most areas
being affected by no hazard or only by either water deficit or flood. No terrestrial grid cell has more
than six of the eight hazard types.

2.1 Hazome metrics

To capture not only the diversity of hazards, but also their intensity and return period, we derive the
haz-score metric, presented in Fig.[2]b). It is defined as the sum of hazard types that exceed intensity
thresholds for each return period (see Methods [)). The haz-score is higher the more intense, the
more frequent, and the more diverse a hazome is. Regions with low haz-scores (below 3) are mostly
regions with low diversity of hazards (below 2). Medium haz-scores (between 8-14) are found
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Figure 2: Hazome metric maps. a) Map counting the number of different hazard types in each
hazome. Note that no grid cell has more than 6 different hazard types out of a possible maximum
of 8. b) Haz-score obtained as the sum of all return periods and intensities for all hazards (see
Methods ] for details). Higher haz-score values indicate higher diversity of hazards, higher severity
and lower return period (higher frequency). Interactive maps are available online for more detailed
exploration.

both in regions with several hazard types (4-5) at lower intensity and higher return period (lower
frequency) (e.g., Vietnam and Japan) and in regions with fewer hazard types (2-3) at higher intensity
and lower return return period (higher frequency) (e.g., Central and West Africa). The highest haz-
score is found in the delta region of the Ganges and Brahmaputra rivers in Bangladesh (haz-score
of up to 23), where up to six hazards (EQ, HP, TC, WD, FL, HS) occur with high intensity and low
return period (high frequency). Generally speaking, large river systems are associated with a high
haz-scores on all continents (haz-score above 14), such as the Amazon, the Congo, the Ganges, the
Indus, the Brahmaputra, the Mississippi, or the Yangtze.

The haz-score can be contrasted with bio-climatic and societal classifications. The median value
for (a) ecoregions, (b) climate zones, (c) countries, and (d) biomes is available online as interactive
maps| and discussed in the supplementary material [5| Moreover, the number of distinct hazomes
present per (a) ecoregion, (b) climate zones, (c) countries (administrative regions), and (d) biomes
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Figure 3: Hazome twin cities map. City pairs that share the same hazome and are at least 5 degrees
distant from one another are shown with the same marker and colour. Cities with gray square
markers (Tokyo, Tashkent, Antananarivo, Juba, and Mexico City) have no hazome twin at least
5 degrees distant. City pairs marked by circles are in the same climate zones (Curillo-Jakarta,
Jacobabad-Djibouti). City pairs marked with diamonds are in different climate zones. The cities
shown were selected randomly to represent a large diversity of global regions. An interactive map
is available online for exploring all city twins above 5000 inhabitants.

is shown online and discussed in the supplementary material [5]

2.2 Hazomes for adaptation

Over time, societies have adapted to their regional hazome with different strategies to become more
resilient to these specific combinations of hazard types, intensities, and return periods (30). For
example, building a river flood wall in an earthquake-prone region requires specific engineering
approaches that may be distinct from a region with extreme heavy precipitation (37)). Using hazomes,
regions with similar disturbance regimes, as shown in Fig.[3] can be identified to reveal a rich network
of learning opportunities (37)).

To illustrate, we randomly selected several large known cities to cover most regions of the world
and then assigned the most distant (at least 5 degrees away), largest city with the same hazome.
We show some distant pairings, such as Dakar (Senegal) and Broken Hill (Australia), or La Paz
(Bolivia) and Katikati (New Zealand) . Some pairs of cities are located in the same climate zones,
while the other pairs are in different climates (see also Fig. @), and some cities do not have an
exact hazome twin that is at least 5° distant. An interactive map) is available online to explore all
twin cities with over 5000 inhabitants.
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3 Discussion

Hazomes provide a global perspective on natural multi-hazard terrestrial disturbance regimes
that can serve as a foundation for global multi-hazard risk assessment, climate risk management,
ecosystem restoration, and contribute to both natural and societal resilience. The new classification
complements existing climate classification schemes with the inclusion of extreme weather patterns
and other natural hazards.

Hazomes represent hazards, not risk; risk arises only when hazards impact exposed and vul-
nerable systems (32). For human societies, the United Nations Office for Disaster Risk Reduction
(UNDRR) further defines risk to include the capacity of societies to respond (33)). Hence, the
same hazard intensity represents very different risks in societies with different vulnerabilities and
response capacities. For instance, earthquake-resistant buildings in Japan might not be strongly
damaged by moderate earthquakes, while non-resistant buildings in regions with less frequent
earthquakes or less coping capacity could incur important damage. Thus, hazomes, defined with
globally consistent fixed intensity thresholds, may describe very different risks locally. This is no
different than for average climate conditions, where, for example, 10°C would represent unprece-
dented cold weather in a hot and humid country like Singapore, but would be a warm winter day
in Finland. Bearing in mind the difference between hazard and risk, hazomes provide the basis for
broad applications.

In humanitarian emergency contexts, understanding typical regional multi-hazard distributions
may support improved response planning to enable faster and more effective mobilisation of
resources during crises (34). For example, floods in a tropical cyclone area might require different
intervention plans than in a cold stress area. For climate adaptation planning, hazomes may support
the design of large-scale adaptation strategies, avoiding potential maladaptation resulting from
single-hazard planning (35)). For example, adaptation measures at the building-level against floods
and earthquakes might have conflicting effects (35)). The identification of regions with similar hazard
disturbance regimes, which can thus serve as effective analogues, allows adaptation strategies to be
shared and refined based on successes and lessons learnt. In addition, hazomes could also be used
to explore inequalities in hazard exposure (36) and possible social implications to strengthen just
adaptation planning. In financial risk management, it enables organising regions based on shared
hazard characteristics, supporting the design of multi-hazard financial reporting and instruments
(37), offering a pathway to global risk pooling (38).

For ecosystem management and restoration, knowledge of disturbance regimes is needed to
inform sustainable practices and improve the resilience of local ecosystems. By tailoring ecosystem
management to the specific multi-hazard profile, one can support biodiversity, enhance ecosystem
services, and promote sustainable land use (39,40, 4/)). Disturbance regimes may also be relevant
when evaluating the long-term viability of carbon offset credits that are often assigned to sensitive
ecosystems subject to multiple disturbances (42, 43). Although high natural disturbances are not
per-se negative for ecosystems, they might affect their dynamics and lead to large carbon storage
capacity fluctuations that should be taken into account when pricing credits and projecting their
contributions to emission compensation.

Hazomes can inform the development and refinement of ecological models, such as species
distribution models. These models, which predict where species may thrive under specific envi-
ronmental conditions, would benefit from integrating multi-hazard disturbance regimes shaping
interconnected species networks. Although large scale ecological disturbance studies where mul-



tiple hazards are considered jointly are still limited, it was already shown that considering these
can result in unexpected disturbance behaviour, regime shifts, and non-linear changes in ecosystem
structures (44, 45)). More generally speaking, global multi-hazard profiles can help the systematic
study of how ecosystems and their web of species (e.g., fungi, plants, insects, birds, and mam-
mals) are vulnerable, resilient, or dependent on natural perturbation regimes (46;//9). This could
help identify suitable locations for ecosystem restoration by highlighting regions with similar dis-
turbance patterns, offering information on effective strategies for habitat restoration and species
reintroduction.

Defining hazomes required methodological choices, including hazard type selection, metric
definition, and thresholding, all of which strongly influence the resulting classification. To ensure
stability and global consistency, we fixed thresholds for intensity and return periods rather than
relying on unstable clustering approaches (see Methods [)). Our sensitivity analysis (see the sup-
plementary material [5)) shows that the choice of thresholds influences the grid cell level and area
distribution of the hazards profiles, with the highest sensitivity to the extreme intensity thresholds
of cold and heat stress, as well as the considerable intensity thresholds of floods and heavy precipi-
tation. Hence, hazomes with these categories are to be interpreted with care. We note that each type
of natural hazard was reduced to a single intensity variable, which cannot capture all dimensions
of its effects. For instance, tropical cyclones are represented by wind speed only, thus not charac-
terising heavy precipitation, storm surges, landslides, salinity intrusion, etc. While some of these
are partially covered by other data (coastal floods and heavy precipitation), others are completely
absent. Although incomplete, this macro-scale hazard depiction that does not resolve all sub-hazard
components is still common in the impact assessment research and practice community (6, 32).
Furthermore, by representing hazards only through annual return periods, we do not account for
seasonality, sub-annual frequencies, or the co-occurrence, cascading, and compounding of hazard
events (27, 6)). Finally, we note that the data for each hazard type come from a different source,
which required regridding to a common resolution and resulted in certain inconsistencies in the
definition of complex coastal zones and small islands.

The concept of hazomes allows for many extensions and refinements adapted to a diversity of
use cases. Hazomes would benefit from extending the hazard data sets to have intensity estimates
for all return periods. We are currently missing values for the water deficit and wildfires, which were
derived from historical data, and for which the extrapolation method is yet unclear. Hazomes were
derived from a past, yet rapidly changing climate. For example, extreme precipitation is rapidly
intensifying with rising temperatures, and its statistical characteristics could differ considerably
from those observed today for some locations already within the next decade (47)). Hence, it would
be beneficial to derive maps of projected time periods in the future to depict the evolution of hazomes
with climate change. Moreover, for adaptation and mitigation strategy guidance, an important next
step is to increase the resolution of hazomes. As this might be difficult to do at a global level, one
might aim for regional hazome maps instead. A higher resolution would also naturally lead to the
inclusion of a larger diversity of hazards, including more localised ones such as volcanoes, tsunamis,
landslides, tornados, sand storms, derechos, convective and extra-tropical storms. Specialised high-
resolution hazomes can also be derived for specific sectors such as agriculture and energy. Finally,
it would also be useful to extend the hazomes to aquatic systems to describe important hazards such
as marine heat waves or eutrophication events.

In an increasingly interconnected and hazard-prone world, hazomes offer a foundational frame-
work for understanding and managing global natural multi-hazard disturbance regimes, providing



a vital tool for building resilience and informing sustainable decisions across social-ecological
systems.



4 Methods

The selection of hazard data is a critical step in defining the hazomes. The process, while based
on a certain level of subjectivity as any map categorisation exercise, was guided by clear criteria:
1. The data set must be open source and available since we want the hazomes to be transparent,
reproducible, and free to use for anyone; 2. The hazard should be relevant on a global scale to allow
a consistent world categorisation, meaning we excluded regional hazard types such as tornadoes or
small-scale hazards such as landslides; and 3. The hazard intensity variable must allow for globally
consistent comparison and should not focus on one particular impact. The final criterion is crucial
and might run contrary to established conventions in specialised fields. This is on purpose, as the
hazomes are meant to be a globally consistent tool for comparison across regions and across as
many fields of application as possible. The final selection of the data set was done in cooperation
with experts in the field of each of the hazards. Note that all hazards for which the original dataset
was not at the hazomes’ regular grid of 0.5° resolution (totalling 85710 grid cells on land) were
regridded. Detailed descriptions of the chosen datasets and applied transformations are given below
for each hazard separately.

To reduce complexity while keeping a maximum of information, we converged to the choice of
3 return periods per hazard — regular (Re) (< 5—10 years), common (Co) (< 20—25 years), and rare
(Ra) (< 100 years) — and 2 thresholds for intensities — considerable (Co) and extreme (Ex). Intensity
thresholds (Table [1) are chosen similarly to the types of hazards, with additional guidance that:
1. Each hazard should be present over a large geographical distribution at considerable intensity,
but not everywhere; 2. Each hazard should have a different extent at higher intensity than lower
intensity for all return periods; and 3. The intensities should be in line with very broad and cross-
disciplinary intuitions about their potential impacts. The latter is very difficult to define, as impacts
depend not only on the intensity of the hazard but also on the vulnerability of the affected system
in question, which is not explicitly considered here. This varies very much between regions and
systems, and consequently, the intensity thresholds are not to be understood directly as impact
indicators. This is to be able to identify regions with similar hazard profiles but potentially very
different impacts to guide research to understand these differences and system vulnerabilities or
resilience. Importantly, the intensities are all defined in absolute terms and not as pure statistical
anomalies such as, e.g., the 95th percentile of the lowest temperature per grid cell. This is central to
our design because anomalies are incongruous with the definition of return periods. Hence, to have
globally consistent, comparable, and time-resolved hazomes, we must employ absolute intensity
definitions. Here, we caution readers who are used to thinking in terms of local, relative terms
against drawing conclusions that might contrast with their acquired knowledge and intuition.

We remark that initially we tried to consider both intensities and return periods as continuous
variables and to employ pattern recognition algorithms to identify geographical clusters of similar
hazard profiles. Most attempts converged to the definition of clusters around hazard types and were
very unstable. Thus, we decided to simplify the approach and fix thresholds for intensities and
return periods to define the hazard profiles on which we build the hazomes.

In summary, in our definition of hazomes, therefore, choices had to be made, as in any classi-
fication task. These choices are qualitatively justified with regard to the purpose of hazomes: to be
globally consistent, generically relevant for human and natural systems, based on freely available
datasets, and to describe a system disturbance perspective. The latter requires the inclusion of
both the intensity dimension and the temporal dimension of natural hazards. The choice of hazard
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Table 1: Hazard variables. considerable and extreme intensity thresholds, as well as regular,
uncommon, and rare return periods thresholds. The return periods are defined as the probability
of occurrence per year for all hazards except earthquakes, for which we use the more common
definition of 10% probability in 50 years. The intensity of the hazards are defined as the the 3-hour
accumulated rain [mm] for heavy precipitations (HP), the Peak-Ground-Acceleration (PGA) in units
of the gravitational acceleration on Earth g [m s2] for earthquakes (EQ), the 10-min sustained
windspeed [m s~!] for tropical cyclones (TC), the 3-day running average minimum temperatures for
cold stress [°C] (CS), the 3-day running average maximum Wet-Bulb-Globe [WGT] temperature
[°C] for heat stress (HS), the annual maximal depth [m] for flood (FL), the maximum monthly
water deficit [mm column water equivalent] (WD), and the 95th percentile of the annual fire line
intensity in mega-Watts for wildfires (WF). A grid cell is considered flooded if at least 2% of its
area has a depth of at least 5 cm and a grid cell is considered a wildfire if at least 1% of its area
is burnt in one season (Mar-Feb). The resulting spatial distributions of hazards are shown in the

Supplementary Figures -

Categories HP EQ TC CS HS FL WD WF
Intensity unit mm g ms~! °C °C m mm MW
Considerable (Co) 50 0.2 29 -25 30 0.3 125 100
Extreme (Ex) 125 0.4 43 -45 34 1.5 250 500
Regular (Re) 5 - 10 5 5 5 5 5
Uncommon (Un) 20 10%/ 50 20 20 20 25 20 20
Rare (Ra) 100 - 100 100 100 100 - -

types strongly influences the results, and using others, such as volcanoes, landslides, winter storms,
avalanches, or tsunamis, would result in more finely resolved hazomes. Additionally, the specific
definition used for the chosen hazards, such as heatwaves in terms of consecutive days anomalies
instead of heat stress as the maximum wet-bulb temperatures, would also alter the results. Below
we provide detailed information on the data and chosen thresholds for each hazard type.

Hazome name coding convention In order to label hazomes, we employ the following coding
convention: [Return period][Intensity][Hazard type]. In addition, for each hazard type, only the
strongest intensity for the most frequent return period is listed. For the examples discussed in the
manuscript, we obtain the following. The hazome in Zurich (Switzerland) is rare (Ra) considerable
(Co) floods (FL) coupled with uncommon (Un) extreme (Ex) water deficits (WD), i.e., [RaCoFL,
UnExWD], and in Bengalaru (India), regular (Re) considerable (Co) heavy precipitations (HP) are
paired with regular (Re) considerable (Co) heat stress (HS) and regular (Re) extreme (Ex) water
deficit (WD), i.e., [ReCoHp, ReCoHS, ReExWD]. A more complex hazome as in Seoul (South Ko-
rea) with regular considerable heavy precipitations, uncommon considerable tropical cyclones, rare
considerable cold stress, regular considerable heat stress, uncommon considerable floods, and reg-
ular considerable water deficit reads [ReCoHP, UnCoT'C, RaCoCS, ReCoHS, UnCoFL, ReCoWD].
Some places have twice the same hazard type at different intensity-return period combinations,
such as rare considerable heavy precipitations, uncommon considerable cold stress, regular consid-
erable water deficit and rare extreme water deficit in Obwalden (Switzerland) [RaCoHP, UnCoCS,
ReCoWD, RaExWD].
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Heavy precipitation For heavy precipitation data, we use Global Precipitation EXtremes (GPEX)
(48). The data set contains global precipitation amounts in mm for several accumulation times (3, 6,
12, 24, 48, 72, 120, 240 hours) and several return periods (2, 5, 10, 20, 39, 50, 100, 200, 500, 1000
years). The values are linearly resampled from the original grid at 0.1° to the hazomes grid at 0.5°
resolution. In general, daily and longer accumulation times are associated with fluvial flooding of
large river systems (49), which are covered by the coastal and river flood data set. Shorter sub-daily
accumulation times are related to flash floods, urban floods, or landslides triggers (50,517,52). Here,
we thus choose the minimal accumulation time available in GPEX (i.e., of 3 hours).

GPEX is based on multi-Source Weighted-Ensemble Precipitation (MSWEP; (53)) dataset,
which integrates data ranging from 1979 to 2017 from gauges, reanalysis, and satellites to provide
global precipitation estimates. Although the MSWEP dataset offers high resolution (0.1°), spatial
patterns can still be influenced by the density and distribution of gauge data, particularly in data-
scarce regions; nevertheless, it has consistently proven to be a robust and valuable dataset for
characterising precipitation extremes on the global scale (54). The precipitation return levels for
different return periods in GPEX are estimated by fitting three types of extreme value distribution
(GEV, POT, MEV). We use the Metastatistical Extreme Value (MEV; (53)) distribution, which is
based on extreme value analysis of all precipitation events in the records (in contrast to an analysis
based on annual maxima values), resulting in smoother and more consistent spatial estimates than
the GEV and POT (peak-over-threshold) approaches and with reduced uncertainties in the estimates
of precipitation extremes (56,57)). The 20- and 100-year return period thresholds defined for the
uncommon and rare categories are rational, as they align with the return periods commonly used
in the design of urban drainage systems and in planning measures to protect infrastructure from
flood damage (58,59). The considerable and extreme intensities of 50 and 125mm, respectively,
roughly correspond to the flash flood warning and emergency flash floods warning thresholds for
many European meteorological services.

Heat stress For heat stress return periods, we use the datasets provided by the World Bank, which
include estimates for return periods of 5, 20, and 100 years. The methodology applies a generalised
extreme value (GEV) distribution to model annual maximum Wet Bulb Globe Temperature (WBGT)
extremes.

The data set is based on 30 years (1981-2010) of daily WBGT values, from which a three-day
running mean is calculated to account for the cumulative effects of prolonged heat exposure. The
annual maximum of these smoothed WBGT values is extracted for each grid cell and used to
fit a GEV distribution via maximum likelihood estimation. The fitted distributions are then used
to estimate return period thresholds for extreme heat events. To ensure numerical stability and
reliability, flagged grid cells with unreliable estimates were adjusted by modifying the GEV fitting
tolerance.

According to the ISO 7243 Heat Stress Standard, the considerable thresholds of 30C° correspond
to the limit for continuous light work (60). The extreme threshold of 34C° typically exceeds the
recommended limits for most sustained activity and often corresponds to a severe weather warning
threshold with a high probability of heat illness unless exposure is curtailed (6/)).

Tropical cyclones For tropical cyclones, we use the STORM dataset (version 4) (62). The data
set is openly available and provides global gridded wind speed intensities for a wide range of return
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periods from 10 to 10,000 years. The data is based on the STORM (Synthetic Tropical cyclOne
geneRation Model) model (63), which derives synthetic tropical cyclone tracks based on inputs from
the International Best Track Archive for Climate Stewardship (IBTrACS) for 10,000 years of tropical
cyclone activity under current climate conditions (reference period 1980-2017). Bloemendaal et
al. apply a 2D parametric wind model to the synthetic tracks to estimate wind speed intensities for
different return periods (’fixed return periods”) and vice versa ("fixed intensity data). We used the
’fixed return periods” dataset, which contains the mean wind speed at the given return period as
10-metre 10-minute sustained average values. Data are resampled from the original resolution of
10 km to the Hazomes grid at 0.5° using the maximum wind speed within each 0.5° grid cell. We
used 10, 20, and 100-year return periods, while the considerable and extreme intensity categories
are 29.0 and 43.4 m/s 10-minute average sustained wind speed, respectively, which corresponds
to category 1 ("Very dangerous winds will produce some damage”) and category 3 ("Devastating
damage will occur”), respectively, on the Saffir-Simpson Hurricane Scale (64). Although extreme
winds are only one of several sub-hazards of tropical cyclones, others, such as heavy precipitation
and flooding, are (partially) covered in other datasets presented in this section.

Cold stress As no global data set on cold stress return periods was available, we developed one
using a methodology similar to that applied to heat stress return periods. We used ERAS daily
minimum temperature data for the period 1990-2020 and computed a rolling mean of three days to
account for the short-term persistence in cold events. For each point on the grid, we extracted the
annual minimum value of this rolling mean. The GEV distribution was then fitted to these minima
to estimate the cold stress return periods at 5, 20, and 100 years.

During this process, we identified unrealistic parameter estimates in some grid points. Specif-
ically, some locations exhibited extreme cold temperature estimates below —100°C, which are
physically implausible, or shape parameters (¢) greater than 0.5, which can lead to unstable tail
behaviour in the fitted distribution. To address these issues, we 1. capped the shape parameter at
0.5 to prevent excessively heavy-tailed distributions, and 2. when the estimated 1-in-100-years cold
event fell below —100°C, we set the shape parameter at zero (¢ = 0), effectively applying a Gumbel
distribution instead of a full GEV fit. These adjustments ensured numerical stability and improved
the physical plausibility of the return period estimates.

Occupational safety adaptations such as OSHA’s wind-chill guidelines indicate that around the
considerable threshold of -25C°, exposed skin can freeze in an hour, while the extreme value -45C°
represents an extreme danger that causes freezing in less than 30 seconds (6.5).

Coastal and river floods For floods, we used the coastal flood and river flood return period maps
from the Aqueduct Floods tool (66)). The methods used to develop these data generate flood return
period maps that depict the extent and depth of flooding for various return periods (2, 5, 10, 25,
50, 100, 250, 500 and 1,000 years) at a resolution of 30 arcseconds (approximately 1 kilometre
at the equator). Note that neither river nor coastal flood maps account for changes in land use,
infrastructure development, or flood defence measures that may have occurred over time.

The method used to develop river flood hazard maps is described in (67, 68). The maps were
developed within the Global Flood Risk with IMAGE Scenarios (GLOFRIS) framework. In brief,
daily gridded discharge and flood volumes were simulated (0.5° x 0.5°) using the PCR-GLOBWB-
DynRout model (69), which requires daily gridded meteorological input data (precipitation, temper-
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ature, global radiation). These forcing data were EU-WATCH data (70) for the period 1960-1999.
From each of the daily gridded flood volume time series, the flood volumes for the aforementioned
return periods were calculated by fitting a Gumbel distribution through the annual maxima, thus
producing coarse resolution flood volume maps (0.5° x 0.5°) for each return period. Then these
were downscaled to 30 arcseconds using the method of (67).

For coastal floods, the Global Tide and Surge Reanalysis (GTSR) data set (/) is used to estimate
extreme water levels, incorporating wind and pressure fields from the ECMWF Reanalysis-Interim
Data Set (ERA-Interim) and tide simulations from the Finite Element Solution 2012 (FES 2012)
model. The GTSR data set covers the period 1979 to 2014, providing a solid historical basis for
assessing coastal flood hazards. The topographic data used in this process include the Hydrological
Data and Maps Based on Shuttle Elevation Derivatives at Multiple Scales (HydroSHEDS) and the
Global 30-Arc-Second Elevation (GTOPO30) datasets. For the calculation of the return period, a
Gumbel distribution is fitted to the annual extremes. These return periods are then mapped using
a volume spreading model for river floods and a GIS-based routine for coastal floods, providing a
detailed representation of historical flood risks (72).

For each type of flood, we transform the original data into single intensity maps at a 0.5°
resolution with a 3-step process: 1. We select data points with flood depth greater than a minimal
value of t = 0.05m; 2. We compute the fraction of points within each 0.5° grid cell. If the fraction
exceeds a threshold f = 2%, we define the grid cell as flooded; and 3. For each flooded grid cell,
the flood depth is obtained as the average depth on all data points above the minimal value #. The
coastal and river flood maps are then combined into a single flood map per return period by taking
the maximum flood depth per grid cell.

Note that the minimum area requirement and average depth definition lead to artefacts if the
flooded area increases faster than the average depth when increasing the return period. For example,
consider a grid cell which at return period of 20-years has a flooded fraction of 3% (the area with
flood depth > ¢ = 0.05) with an average depth over this fraction of 1.6m. Then, at a 100-year
return period, the flood is much larger, covering a fraction of 26% (the area with flood depth
>t = 0.05), but at a lower average flood depth of 0.6m. Thus, the grid cell would be of extreme
intensity at 20-year return period (> 1.5m), but only of considerable intensity at a 100-year return
period (> 0.3m, < 1.5m), which violates the cumulative definition of return periods. We corrected
for these artefacts by increasing the intensity category of all grid cells having a lower intensity
category at a longer return period than at a shorter return period. These corrections affect less than
2% of the land-flooded grid cells.

The considerable thresholds of 0.3m roughly correspond to the maximum safe wading depth for
an adult. It is widely used as a practical threshold where walking or evacuation becomes noticeably
harder and buildings begin to incur meaningful damage (73). Many depth—-damage functions and
guidelines treat 0.3m as the lower limit for (non-trivial) residential damage and roads that become
unusable for normal traffic. The extreme threshold of 1.5m is a depth at which most adults cannot
stand in still water, which represents a direct threat to life, and at which most buildings suffer serious
damage (/4).

Water deficit Water resources are central to many natural and human systems. Not only do flora,
fauna, and people depend on it, but also agriculture, navigation on rivers, and energy production.
Quantifying particular deviations presents itself as a challenging task, as the definition of system
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boundaries is highly dependent on the impact of interest, and thus which hydrometorological
variables are best suited to identify deficits (see, e.g. (75)) for an extensive list of drought indices).

We use deficits in total water storage (TWS), as TWS provides a combination of all hydro-
meteorological variables (76). Using changes in the gravitational field, the GRACE Gravity Recov-
ery and Climate Experiment estimates monthly changes in total water storage on a 3° grid (/7,/78,/79)
. We use a downscaled version of this data set (0.5°, hazomes grid), which was generated using
a deep learning algorithm and hydrological model simulations for the years 2002-2022 (80). To
account for normal seasonal differences in water availability, we de-seasonalise the data by sub-
tracting the mean per month and grid cell. The resulting excess or deficit of water is expressed in
millimetres of water column equivalent. We then compute the water deficit for return periods of
5 and 20 years and choose the categories 125mm (orange category, Fig. 1 in reference (76)) and
250mm (red category, Fig. 1 in reference (76)).

Wildfire We base wildfire return periods on two data sets provided by the Moderate Resolution
Imaging Spectroradiometer (MODIS) for 24 wildfire seasons between March 2001 and February
2025. This temporal aggregation is adapted from the State of Wildfires report (8/). We used the
monthly 500-metre MCD64A1 MODIS burnt area product (82) to calculate the seasonal fraction
of the total burnt grid cell area per Hazome grid cell. Additionally, we use the fire radiative power
(FRP) from the MODIS active fire location product (83). This data set is available on 1 km with
several daily satellite overpasses. We compute the seasonal 95" percentile in FRP per Hazomes
grid cell, which has previously been used to approximate the intensity of the fire line (84).

The FRP hazard data set is used to approximate intensities with return periods of 5 and 20 years.
Although observational records are relatively short, we rely on them rather than modelled burnt
area because they avoid key limitations of global coupled vegetation-fire models. Models such as
those in the Fire Model Intercomparison Project (85, FireMIP) struggle to capture inter-annual
variability and extremes (86)), and their performance varies by region (87).

Analogously to floods, we apply a two-step process: First, we filter grid cells where the fraction
of burnt area exceeds a threshold f = 1% and define these as affected by wildfires. Second, we
use the two categories of 100 and 500MW to differentiate between considerable ( cool-small fires,
Table 1 in reference (84)) and extreme fires (intense—large fires, Table 1 in reference (84)).

Other datasets For climate zones, we used the Koppen-Geiger classification for climate (1991-
2020) based on constrained projections of CMIP6 as calculated by Beck et al. (2023). For biomes
and ecoregions, we use the data set provided by Dinerstein et al. (2017) (9). For the population,
we used the Worldpop 2020 1km resolution (88) resampled by summation to the hazome grid. For
country names and boundaries, we use the Natural Earth administrative region data set (59). The
city datasets are taken from GeoNames (90) via the GitHub repository joelacus/world-cities (97).

Hazome metrics To analyse the hazomes distribution, we define two metrics. The diversity
metric counts the number of different types of hazard in a hazome. The haz-score is the sum over all
instances where the intensity of a hazard type at a given return period exceeds an intensity category
threshold. The haz-score can be computed with a simplified formula using the following rules. The
return period multiplier F has for rare (Ra) events a value of 1, for uncommon (Un) events a value
of 2, as they are more frequent than rare events, and for regular (Re) events a value of 3, as they
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are more frequent than rare and uncommon events. The intensity multiplier / has for considerable
(Co) events a value of 1, and for extreme (Ex) events a value of 2 because they are more intense
than considerable events. The score Sj, per hazard type h is obtained as the product of the return
period F}, and the intensity multiplier 7, for that hazard type. The haz-score per grid cell x is then
the sum of all hazard type scores S,

S = Zh:th = Zh: Fpy - Iny. (D

For example, [ReCoCS] has a score of 3 * 1 = 3, because regular considerable events are more
frequent than uncommon and rare events. [RaExCS] has a score of 1 2 = 2 because extreme events
are more intense than considerable events. [RaCoCS, RaCoI'C] has ascoreof 1 « 1 +1 %1 =2
due to two types of hazards, [UnExCS, ReCoT'C] has a score of 2 %2 + 3 « 1 = 7, and [ReCoHp,
RaExCS, UnExHS] has ascore of 3% 1+ 1 %2+ 2 %2 = 9. The theoretical maximum value is 44
(3 return periods x 2 intensity x 8 hazard types - 4 missing datasets). This highlights the severity
(higher score for more frequent and intense hazards) and diversity (higher score for more different
types of hazards) of the haz-score.
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S Supplementary Text

5.1 Comparison to bio-climatic and societal classifications

The haz-score can be contrasted with bio-climatic and social classifications. In Figure [S2] we
show the median value for (a) ecoregions, (b) climate zones, (c) countries, and (d) biomes. The
countries (administrative regions) with the highest median haz-score are Bangladesh, Taiwan and
the Philippines ; the biomes with the highest score are Mangroves, Tropical & Subtropical Moist
Broadleaf Forests, and Tropical & Subtropical Dry Broadleaf Forests ; the climate zones with
the highest scores are Tropical rainforest; Tropical, monsoon; Tropical, savannah; Temperate,
no dry season, hot summer; and Temperate, dry winter, hot summer ; and the highest-scoring
ecoregions are Brahmaputra Valley semi-evergreen forests, Sundarbans freshwater swamp forests
and the Sundarbans freshwater swamp forests. The top values are summarised in the supplementary
table[S2] In terms of human population distribution, we find that the majority (80% of the population
lives at an intermediate score level between 4 — 15 out of the maximum of 23 (supplementary
figure . Yet, the hazome with the highest population is the non-hazard hazome [], followed
by [UnCoHp, ReCoHs], [UnCoWD], [UnCoHP, ReCoHS, UnCoWD] and [ReCoHP, RaExHP,
UnCoEQ, ReExHS, ReCoFL, ReExWD] representing a diversity of combinations of hazard types,
intensities, and return periods (Table [SE[)

Figure S1: Hazome variety comparison maps. Number of different hazomes per a) ecoregion,
b) climatic zone, c¢) countries (administrative regions), and d) biomes. Please note the logarithmic
colour scale on the left in a and ¢, and the linear colour scale on the right in b and d.

a) Ecoregions b) Climate zones

To—

[ |
10° 10t 102 103 500 1000 1500 2000

We further consider the number of distinct hazomes present per (a) ecoregion, (b) climate zones,
(c) countries (administrative regions), and (d) biomes (Fig. |S;1'[) Generally, a larger area implies
greater variety, in particular for countries which roughly follow a power-law area to hazome variety
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Figure S2: Haz-score comparison maps. Median haz-score per a) ecoregion, b) climatic zone, c)
countries (administrative regions), and d) biome. The haz-score is obtained as the sum of all return
periods and intensities for all hazards (see Fig.[2]and Methods[]for details). Please note the different
colour scales for plots a,c (maximum value 20) and b,d (maximum value 12). Interactive maps are
available online for more detailed exploration.

distribution. For the climate zones, there are notable counter-examples, such as “Temperate, no
dry season, hot summer”, which has the third largest number of different hazomes, while being
only the eleventh largest out of 28. For biomes, Temperate Broadleaf & Mixed Forests (around the
west-coast of North America, northern Europe and eastern Asia) and Tropical & Subtropical Moist
Broadleaf Forests (around the Amazon basin, Congo basin, Indonesia and South-East Asia) show
the highest diversity of hazomes, while for ecoregions, the East Siberian Taiga in Russia and the
Cerrado in Brazil stand out with large diversity.

5.1.1 Sensitivity Analysis

We performed a sensitivity analysis on the hazomes classification to assess which hazard threshold
choice leads to the largest changes in the output classification. Since the output is non-linear in
the hazard thresholds, we perform a global sensitivity analysis by varying all input threshold
parameters at once. For each type of hazard, we vary the considerable and extreme intensity
thresholds independently by 5% of the difference between the base values. In this way, the differences
between the considerable and extreme thresholds vary by at most £10%. In addition, the depth and
area threshold for the definitions of floods and wildfires are also varied by 5%. The values are then
globally sampled from these ranges (see Table [ST)) with the Sobol sampling algorithm for a
total of 40959 samples. For each sample, the full hazomes are calculated. From this we derive the
number of grid cells on land with a hazome different from the base and the total area of the changed
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Table S1: Sensitivity analysis inputs. Uncertainty ranges for all thresholds used in the sensitivity
analysis.

Categories ‘ Co Lower Upper ‘ Ex Lower Upper
HP (mm) | 50 46.25 53.75 125 121.25 128.75
EQ (g) 0.2 0.19 0.21 0.4 0.39 0.41
TC (m/s) | 29 28.3 29.7 43 423 43.7
CS(°C) | -25 -24 -26 -45 -44 -46
HS (°C) | 30 29.8 30.2 34 33.8 34.2
FL(m) |03 0.24 0.36 1.5 1.44 1.56
WD (mm) | 125 118.75 131.25 250 243.75 256.25
WF (kW) | 100 80 120 500 480 520
Categories Base Lower Upper
WF mininal fraction 1% 0.95% 1.05%
FL minimal fraction 2% 1.9% 2.1%
FL flood depth threshold (cm) 0.05 0.0475 0.0525

grid cells. We further calculate the number of grid cells on land with a haz-score different from the
base and the total area of the changed grid cells. Using the Saltelli algorithm (93) as implemented
in the SALib Python library (95), the total first-order Sobol sensitivity indices, which capture the
relative variance in the output due to the variance in each input, considering the second-order
contributions of all other variables, are computed for each of the four outputs; see Figure The
confidence ranges from the Saltelli algorithm (see the bars in[S3)) are all smaller than the difference
between sensitivity indicies which are good indicators that the number of samples was sufficient
for the analysis to converge (96).

We find that the hazomes pixel uncertainty is most sensitive to the intensity thresholds of the
extreme heat stress (ExHS), considerable heavy precipitation (CoHP), considerable floods (CoFL)
and considerable heat stress (CoHS). The uncertainty of the hazomes area is more sensitive to
the intensity thresholds of extreme cold stress (ExCS), considerable floods (CoFL) and consider-
able heavy precipitation (CoHP). The haz-score pixel uncertainty is most sensitive to the intensity
thresholds of extreme cold stress (ExCS), considerable heavy precipitation (CoHP), and consider-
able floods (CoFL). The haz-score area uncertainty is most sensitive to the intensity thresholds of
extreme heat stress (ExHS), considerable heavy precipitation (CoHP), considerable floods (CoFL)
and considerable heat stress (ExHS, CoHS). All metrics are insensitive to the intensity threshold
for extreme heavy precipitation (ExHP), extreme and considerable earthquakes (CoEQ, ExEQ),
extreme and considerable tropical cyclones (ExXTC, CoTC), extreme floods (ExFL), extreme water
deficit (ExWD), extreme wildfires (ExWF), as well as to the flood depth threshold, the flood min-
imum fraction, and the wildfire minimum fraction. Furthermore, all metrics are weakly sensitive
to the intensity thresholds of considerable cold stress (CoCS), considerable water deficit (CoWD),
and considerable wildfire (CoWF).

Note that sensitivity indices show how much of the output metric variance can be attributed
to the input variable uncertainty. Hence, it does not indicate how large the variance in the output
metric is. Moreover, the sensitivity is always strongly dependent on the definition of the uncertainty
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Figure S3: Sensitivity indices. Sobol first-order total sensitivity indices ST if the inputs are varied
within the bounds shown in table Left: the ST for the total area change of the hazomes and of
the haz-score. Right: the ST for the relative number of pixels that change their hazome and their
haz-score. The black uncertainty bar indicating the confidence interval of the Saltelli algorithm are
all smaller than the difference between sensitivity indices which shows that the number of samples
was sufficient for convergence of the analysis.

Hazome pixel Hazome area Haz-score pixel Haz-score area

ExHP
CoHP
EXEQ
CoEQ
ExTC
CoTC
ExCS
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OjO Oil 0:2 0j3 0:0 Ojl 0j2 013 OjO 0.‘1 0:2 0j3 0:0 Ojl 0j2 013

ranges of the input variable.
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Figure S4: Hazomes colours. Left: Visualization of the colour of all 8046 hazomes which arise
from the additive mixing of the base colours for the hazard type, intensity and return period shown
in the legend of Figure [T} The black pixels at the end are just filler and do not correspond to any
hazome. Right: Visualization of the additive colour mixing for fifty randomly chosen hazomes
with between two (left) and fifteen (right) base colours. For each large column, the last column
corresponds to the mix of the row before. Note that the last columns are very pale.
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Figure S5: Hazome maps per hazard type. For each hazard type, the maps show the hazomes
in which they are present for at least one intensity and return period threshold. The coloring is
otherwise identical as for the full hazomes shown in Fig.[I] We find that all individual hazards are
present across many hazomes, across longitudes, and across latitudes.
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Figure S6: City twins with climate zones. Selection of cities with the corresponding most distant
largest city above 5000 inhabitants with the same hazome that is at least 5 degrees distant shown
overlayed on the Koppen-Geiger climate zones. Cities with the same color and marker have the
same hazome. Cities with gray triangular markers (Tokyo, Tashkent, Antananarivo, Juba) are in
a hazome that is unique in a radius of 5 degrees. Cities marked by circles have the same climate
zones. Cities marked with squares, triangles, diamonds are in different climate zones. This figure

is analog to Fig.[3]

— —
| e _ =
" —

& oa
B
S R ,)‘
WNLE @ Tty (Guanh ToK70)
s = Rt . < &
) R ‘*“'3"

\ Bpr -

. ‘S?
&g, . . (Jpakar

) 3 8 . '--"""‘d. 5.‘& o~ 3
11";' an Fernando de Atabapo ('} ‘
N cnn " \)
\. ¥
|
5 WLa Paz] (P ALusaka)
Nukuraiofa) oz L gimnanarive :
Gl ol .

v |
(Buenos Ates) Jczpe Towr]

Furrangue
q -

Figure S7: Population per hazome score. The majority of the world (80%) lives in regions with
a haz-score between 4 and 15. Note the logarithmic y-axis.
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Table S2: Median haz-scores. Biomes, climate zones, ecoregions, and countries (administrative

regions) with the largest median haz-score.

Country (administrative region) Haz-score
Bangladesh 17

Taiwan 16
Philippines 13

The Gambia 12
Dominican Republic 12

India 12

Sierra Leone 12
Myanmar 12

Biome Haz-score
Mangroves 11
Tropical & Subtropical Moist Broadleaf Forests 10
Tropical & Subtropical Dry Broadleaf Forests 9.5
Flooded Grasslands & Savannas 9

Tropical & Subtropical Grasslands, Savannas & 7
Shrublands

Climatic zone Haz-score
Tropical, rainforest 10
Tropical, monsoon 10
Tropical, savannah 9
Temperate, no dry season, hot summer 9
Temperate, no dry season, hot summer 9
Ecoregions Haz-score
Brahmaputra Valley semi-evergreen forests 19
Sundarbans freshwater swamp forests 19
Sundarbans mangroves 18

Rann of Kutch seasonal salt marsh 17

Taiwan subtropical evergreen forests 16.5
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Table S3: Hazomes area and population. Five largest hazomes and five most populous hazomes.
For both the size and population, the largest hazomes is None, meaning without any hazard above
the minimal intensity threshold for all return periods.

Hazome Area (M km?) Population (M)

None 219.6 72.9
UnCoHP, ReCoHS 0.63 60.7
UnCoWD 0.52 48.2
UnCoHP, ReCoHS, UnCoWD 0.28 46.7
ReCoHP, RaExHP, UnCoEQ, ReExHS, 0.01 354
ReCoFL, ReExWD

Figure S8: Heavy precipitation threshold map. Heavy precipitation intensity for all return periods
with several thresholds (left) and the hazome threshold for considerable and extreme intensities
(right). For each threshold category the percentage of land area affected is shown in parenthesis.
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Figure S9: Earthquake threshold map. Earthquake intensity for all return periods with several
thresholds (left) and the hazome threshold for considerable and extreme intensities (right). For each
threshold category the percentage of land area affected is shown in parenthesis.
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Figure S10: Tropical cyclones threshold map. Tropical cyclone intensity for all return periods
with several thresholds (left) and the hazome threshold for considerable and extreme intensities
(right). For each threshold category the percentage of land area affected is shown in parenthesis.
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Figure S11: Cold stress threshold map. Cold stress intensity for all return periods with several
thresholds (left) and the hazome threshold for considerable and extreme intensities (right). For each
threshold category the percentage of land area affected is shown in parenthesis.
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Figure S12: Heat stress threshold map. Heat stress intensity for all return periods with several
thresholds (left) and the hazome threshold for considerable and extreme intensities (right). For each
threshold category the percentage of land area affected is shown in parenthesis.
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Figure S13: Flood threshold map. Flood intensity for all return periods with several thresholds
(left) and the hazome threshold for considerable and extreme intensities (right). For each threshold
category the percentage of land area affected is shown in parenthesis.
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Figure S14: Water deficit threshold map. Water deficit intesity for all return periods with several
thresholds (left) and the hazome threshold for considerable and extreme intensities (right).For each
threshold category the percentage of land area affected is shown in parenthesis.
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Figure S15: Wildfires threshold map. Wildfire intensity for all return periods with several thresh-
olds (left) and the hazome threshold for considerable and extreme intensities (right). For each
threshold category the percentage of land area affected is shown in parenthesis.
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