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Turn climate risks into
business opportunities with
Climate Change Edition

Climate Change Edition is a modular SaaS solution that helps you not only to
understand your exposure to current physical risks, but more importantly to assess
and understand the physical risks associated with climate change in different future
scenarios.

Integrated into your digital workflows, Climate Change Edition supports your spatial
exploration, visualisation and evaluation for purposes of global portfolio management and
investment decisions. From a single property to entire portfolios which are vulnerable to
acute and chronic climate risks such as extreme temperatures, extreme precipitation, sea
level rise, etc. And not just based on data from past events, but as a scientifically sound
projection into the future. The year 2100, to be precise.

Benefit from the integration of Munich Re’s climate risk data into your
business processes and decisions to stay ahead of the game:

© Invest safely: Check the risk of individual assets or entire portfolios using Climate
Change Edition’s set of global warming scenarios, looking up to 80 years into the future.

© Avoid revenue losses and reputational damage: Identify potential risks from climate
change before they materialise in your assets and portfolios to proactively steer your
investments towards profitable and secure returns now and in the future.

© Maintain your business continuity and resilience: With the globalisation of almost all
business sectors, it is vital that your supply chains remain future-proof and exposed to as
little climate risk as possible. With Climate Change Edition you can stay on top of things -
worldwide.

© Keep an eye on the future of your business: With Climate Change Edition you can not
only protect your business by anticipating the threat of natural disasters, but also assess
how markets are changing and where new opportunities are emerging for your company.

© Identify risks quickly and reliably: Thanks to Climate Change Edition, you can easily
identify areas of high risk concentration and assess them with an overall risk score or a
detailed risk evaluation consisting of over 20 individual risk scores.

© Meet your increasing disclosure obligations: Climate Change Edition provides you
with sound answers to the increasingly extensive regulatory and voluntary requirements
relating to the disclosure of your climate change risk exposure, creating the transparency
you need.

So you'd better take climate change into account

Especially in view of the fact that extreme weather events are becoming more likely, it is
essential that climate risk data should be included as an integral part of your business
decisions to protect your company from their increasingly frequent consequences.



Scientific framework and modelling approach

Climate change is a critical issue facing both the global community and businesses.
The Intergovernmental Panel on Climate Change (IPCC), a United Nations body, has established
a framework which formed the basis for the Paris Agreement in 2015.

With the release of its 6th assessment report in 2023, the IPCC redefined what “cutting edge” climate
change modelling means. Previously, climate change scenarios had only considered the development of
concentrations of greenhouse gases, characterised in a set of Representative Concentration Pathways
(RCP), but now the IPCC has moved towards a more holistic approach to thinking about how the 21st
century will develop. It now endorses using Shared Socioeconomic Pathway (SSP) scenarios in future
modelling. These embed the existing RCP scenario framework into a more holistic set of realistic story
lines for the ways in which humanity could respond to the challenges that change poses to us all. By
providing climate risk data for a range of different SSP scenarios, Location Risk Intelligence supports the
seamless integration of physical risks into risk-aware decision-making. The available SSP scenarios in

Munich Re’s climate services are:

SSP1-2.6 Sustainability:

In this most optimistic scenario, all countries (with
the strong supporting the weak) move gradually
but consistently towards a more sustainable
economic system. Inequality within and between
countries is reduced and consumption is orientated
towards lower material growth and lower resource
and energy consumption. This moderate scenario
leads to an expected warming at the end of the
21st century of around 1.0-2.4°C relative to the
pre-industrial period (1850-1900). The SSP1-2.6
scenario is comparable to the RCP2.6 scenario.

SSP2-4.5 Middle of the road:

In this scenario, global and national institutions
work towards sustainable development but make
slow progress. Development and income growth
proceed unevenly, with some countries making
relatively good progress while others fall short of
expectations. The environment experiences
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degradation but the overall intensity of resource
and energy use declines. This scenario would be
expected to lead to a warming by the end of the
21st century of between 2.1 and 3.5 °C relative to
the pre-industrial period (1850-1900). The
SSP2-4.5 scenario is comparable to the RCP4.5
scenario.

SSP3-7.0 Regionalrivalry:

Under this scenario a resurgence in nationalism,
concerns about competitiveness and security, and
regional conflicts push countries to increasingly
focus on domestic or, at most, regional issues.
Achievement of national and regional food,
energy, and security goals are prioritised above
international cooperation to tackle shared goals.
Economic development remains material-
intensive and environmental degradation
worsens. Under this scenario warming by the
end of the 21st century is expected to be between
2.8 and 4.6 °C. The SSP3-7.0 scenario is
comparable to the RCP7.0 scenario.

SSP5-8.5 Fossil-fuelled development:

In this scenario faith is placed in competitive
markets and innovation. Fossil fuels are
increasingly exploited and social and economic
development drives the adaption of resources
and energy intensive lifestyles around the world.
Local environmental problems like air pollution
are managed, but high greenhouse gas releases
drive excessive global warming and related
increases in natural catastrophe exposure. Under
this scenario warming by the end of the 21st
century is expected to be between 3.3 and 5.7 °C.
The SSP5-8.5 scenario is comparable to the
RCP8.5 scenario.

Example of an increase of
exposure to river flood.
Comparing the timepoints
“current”, 2030 and 2100, the
location will become more and
more exposed to river flood
events, due to the impact of
climate change.

6/7



8/9

Climate Change Edition supports you not only with information regarding the exposure of your
assets to current physical risks, but above all in analysing and assessing the physical risks
associated with climate change in various future scenarios.

In terms of both acute and chronic climate risks, this edition includes not only 12 NATHAN Hazard
Scores and four NATHAN Risk Scores, but also eight additional Climate Hazard Scores which consider
the effects of climate change. And unlike the Natural Hazards Edition, the risk scores are not only
calculated on the basis of past events, but also include projected changes in the intensity and frequency
of future events under different climate scenarios and projection years right up to 2100.

Climate Hazard
Scores

The Climate Hazard
Scores cover either
RCP scenarios?
(RCP4.5 and 8.5)

or SSP scenarios®

(SSP1-2.6, SSP2-4.5,

SSP3-7.0 and
SSP5-8.5) as well as
the current, 2030,
2040, 2050 and
2100 projection
years.!

'For some Climate Hazard
Scores only a part of the
scenarios or projection
years is available.
2Representative
Concentration Pathway
3Shared Socioeconomic
Pathway

-~ RiverFlood'

Munich Re models the future River Flood Hazard Score using the River Flood
model for current atmospheric conditions as a basis and estimating changes
in flood risk using an aggregate of climate and hydrological models.

Resolution: 30 m | RCP: 4.5, 8.5 | Projection years: Current, 2030, 2050, 2100

@ Tropical
Cyclone!

Munich Re creates its future Hazard Scores by combining its proprietary

tropical cyclone model with a high-atmospheric-resolution climate model to
incorporate projected changes in the intensity and frequency of tropical cyclones.
Resolution: 5 km | RCP: 4.5, 8.5 | Projection years: Current, 2030, 2050, 2100

@ Sealevel

=~~~ Rise!

The Sea Level Rise Score shows the areas with elevated risk of flooding due to
rising sea levels in 2100. The model is based on storm surge hazard zones,
IPCC data on sea-level rise and elevation information.

Resolution: 30 m | RCP: 2.6, 4.5, 8.5 | Projection years: 2100

@ Fire Weather
Stress

The Fire Weather Stress Index describes meteorological fire conditions based
on the Fire Weather Index (FWI), combining the probability of ignition, the
speed and likelihood of fire spread and the availability of fuel.

Resolution: 11km | SSP: 2.6, 4.5, 7.0, 8.5 | Projection years: Current, 2030, 2040,
2050, 2100

xl Drought
Oon Stress!

The Drought Stress Index is based on the Standardised Precipitation
Evapotranspiration Index (SPEI) and dry-spell conditions. SPEI is a multi-scalar
drought index that is used to determine the onset, duration and magnitude of
drought conditions.

Resolution: 11km | SSP: 4.5, 8.5 | Projection years: Current, 2030, 2040, 2050,
2100

E& Heat Stress

The Heat Stress Index combines information on increasing temperatures,
extreme heat and heat waves.

Resolution: 11km | SSP: 2.6, 4.5, 7.0, 8.5 | Projection years: Current, 2030, 2040,
2050, 2100

C{B Precipitation
/-

Stress

The Precipitation Stress Index describes the meteorological threat from high
precipitation, combining data on precipitation duration, intensity and frequency.
Resolution: 11km | SSP: 2.6, 4.5, 7.0, 8.5 | Projection years: Current, 2030, 2040,
2050, 2100

*& Cold Stress

The Cold Stress Index combines several temperature-related parameters

and classifies climatological cold stress.

Resolution: 11km | SSP: 2.6, 4.5, 7.0, 8.5 | Projection years: Current, 2030, 2040,
2050, 2100

NATHAN Hazard
Scores

NATHAN Hazard
Scores describe
the hazard level of
a location for all
hazards.

%

River Flood

The River Flood Hazard Score is based on a global flood model from JBA,
describing flood extents for return periods of 50, 100 and 500 years, and is
available on both an undefended and defended basis, i.e. taking flood protection
into account.

Data type: Raster; Resolution: 30 m

i

Flash Flood

The Flash Flood Hazard Score describes the hazard level, based on
meteorological data, soil sealing information as well as terrain and hydrographic
data (slope and flow accumulation).

Data type: Raster; Resolution: 250 m

Storm Surge

Storm surges are coastal floods caused by storms such as tropical cyclones and
extratropical storms. The Storm Surge Hazard Score reflects the inundation
area for return periods of 100, 500 and 1000 years and is available in an
undefended as well as defended view, i.e. taking flood protection into account.
Data type: Raster; Resolution: 90 m

@ M

Tropical
Cyclone

The Tropical Cyclone Hazard Score is derived from globally consistent,
basin-specific models for tropical cyclones, and is based on probable maximum
wind intensities with a return period of 100 years.

Data type: Raster; Resolution: 5 km

4

Extratropical
Storm

The Extratropical Storm Hazard Score shows the probable maximum wind
intensity occurring during extratropical storms in the region (approx. 30 - 70°
north and south of the equator) for a 100-year return period.

Data type: Raster; Resolution: 1 km

Tornado

The Tornado Hazard Score is based on the annual frequency of tornadoes over
an area of 10,000 km?, interpolated from meteorological data.
Data type: Vector geometry (Polygons)

1/

e o

Hail

The Hail Hazard Score describes the hail potential by combing meteorological
data, elevation and the global distribution of lightning activity.
Data type: Vector geometry (Polygons)

Lightning

This Hazard Score shows the global frequency of lightning strikes per km2 and
year recorded by satellites and ground-based lightning detection networks.
Data type: Vector geometry (Polygons)
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NATHAN Hazard Earthquake The Earthquake Hazard Score is graded according to the probable maximum
Scores intensity of earthquakes on the Modified Mercalli Intensity (MMI) scale for an
event with a return period of 475 years.
Data type: Vector geometry (Polygons)
b Volcano The Volcano Hazard Score is based on volcanic activities, which are classified
A depending on their VEI (Volcano Explosivity Index) and annual return periods.
Data type: Vector geometry (Polygons)
f& Tsunami The Tsunami Hazard Score reflects the flood inundation areas for return
periods of 100, 500 and 1000 years.
Data type: Raster; Resolution: 90 m
él} Wildfire The Wildfire Hazard Score describes the hazard of wildfire, based on
climatological data and land cover data.
Data type: Raster; Resolution: 1 km
NATHAN Risk @ Overall The Overall Risk Score can be used as a primary identifier of red flags. It combines
Scores the Earthquake, Storm and Flood Risks Scores, also taking Wildfire Risk into
account.
NAT.HAN i S‘cores @ Earthquake The Earthquake Risk Score can be used to identify earthquake-related risks
provide an overview and . A
. P : and includes Earthquake, Volcano and Tsunami risks.
identify high-risk assets.
They aggregate the risk
of each asset in the =\ Storm The Storm Risk Score can be used to identify storm-related risks and includes
portfolio in terms of 7 Tropical Cyclone, Extratropical Storm, Hail, Tornado and Lightning risks.
geophysical,
hydrological, PN
meteorological & Flood The Flood Risk Score can be used to identify flood-related risks and includes

and climatological
hazards.

River Flood, Flash Flood and Storm Surge risks.

Thanks to the detailed and
meaningful assessment of
physical risks from natural
disasters
using Cli

Patrick Th. Gruninger
Chief Specialist in Credit Management
ayerische Landesbank




= River Flood

NATHAN current River Flood Hazard data (provided by JBA Risk Management) offers state-of-
the-art flood hazard information (with a 30m horizontal resolution), available on a global scale.
The global flood maps are constantly improved and are a market standard.

They are based on bare-earth digital terrain data and a consistent worldwide digital surface model.
The River Flood Hazard is represented by four return period zones, ranging from Zone 0O (areas of
minimal flood risk) to Zone 50 (50-year return period of river flood). The River Flood Hazard Score
is available in two versions: Defended and Undefended. In the defended version the standards of
protection provided by local flood defences is considered in the hazard calculation.

Flood zone Description of flood zones

Zone 0 Areas outside the 0.2% annual chance floodplain

Zone 500 0.2% annual chance flood event (500-year return period)
Zone 100 1% annual chance flood event (100-year return period)
Zone 50 2% annual chance flood event (50-year return period)

Flood protection systems are defence structures to reduce the flooding of areas and properties.
Globally, the quality of the information on flood defences and on the specific structures differs
considerably. Hence, there is value in considering the undefended River Flood Hazard in order to
maintain global consistency. Munich Re provides both defended and undefended River Flood Hazard
information. Information on the standard of protection of flood defences (SoP) is also available.

The flood projections follow a hybrid method using the output from the latest high-resolution CMIP5
global climate model runs and global land surface models to estimate changes in peak water run-off
at hydrological basin resolution. These changes in peak run-off are then used to scale current River
Flood maps, using flood depth data from JBA Risk Management. The projections are available for two
emission scenarios (RCP4.5 and RCP8.5) for the projection years 2030, 2050 and 2100.

@ Tropical Cyclone

Tropical Cyclones are among the most
destructive weather phenomena. Coastal
regions and islands are particularly exposed as
they are affected not only by the directimpact
of astorm, but also by the secondary hazards,
such as Storm Surges and pounding waves.

The intensity of a storm rapidly decreases as it
moves inland because of the friction increase
due to the roughness of the Earth’s surface and
reduction in the supply of energy (primarily from
water vapour) to the storm system. Orographic
effects can also lead to high amounts of rainfall,
which in turn can result in severe flooding,
producing multi-billion dollar losses in densely
populated regions with high GDP.

The current (present day) Tropical Cyclone hazard
analysis is based on Munich Re’s Tropical Cyclone
zoning in NATHAN, which uses forward wind,
maximum wind speed, minimum central pressure,
radius of maximum wind speeds and track of the
centre (“eye”) in 3- to 6-hourly intervals (in
exceptional cases, 12-hourly intervals) as the main
variables for modelling. The wind fields of all
historical windstorms have been simulated and
superimposed in a grid network with a mesh size

Mortgage Portfolio USA
et: W00 K
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of 0.1 x 0.1 degrees of geographical longitude and
latitude. By means of a frequency analysis for
each grid coordinate, the maximum wind speed to
be expected (probable maximum intensity with an
average exceedance probability of 10% in 10
years) has been derived for the return period of
100 years chosen for the world map. The hazard
zoning is represented by a five-level scale
(maximum wind speed that can be expected once
in 100 years) based on the Saffir-Simpson scale,
multiplied by a gust factor of 1.2.

The Tropical Cyclone projections are based on
published model run results of the High-Resolution
Forecast-Oriented Low Ocean Resolution
(HiIFLOR) model at the NOAA Geophysical Fluid
Dynamics Laboratory (GFDL). The HiIFLOR model
allows the user to assess how climate change

will alter the frequency and intensity of Tropical
Cyclones. The scientific results are used for
remodeling the NATHAN hazard zones, based

on a five-level scale for the probable maximum
intensity with an exceedance probability of 10%

in 10 years (equivalent to a return period of 100
years). The future projections are available for
RCP 4.5 and 8.5 for the projection years 2030,
2050 and 2100.
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2. Sea Level Rise

According to the IPCC Fifth Assessment Report, the global mean Sea Level has Risen more than
20 centimetres since 1880 and the trend is continuing at an unprecedented speed.

Sea Level Rise is primarily caused by processes linked to global warming, such as the melting of glaciers and
ice sheets, and the thermal expansion of water. Furthermore, the rising sea level leads to multiple negative
effects like coastal erosion, inundations, storm floods, tidal waters encroaching into estuaries and river
systems as well as contamination of freshwater reserves.

Sea Level Rise can affect coastal regions worldwide, and regions will experience varying impacts based on
their topography and mitigation measures. Munich Re provides hazard information on a 30m resolution for
Flooding Hazard by sea-level rise globally. The extents of potentially flooded areas are given by Storm Surge
events with a 100-year return period. Sea-level rise zones have been modelled on the basis of high-resolution
elevation data from the ALOS elevation model and Sea Level Rise projections from climate models. This
enables the identification of five different hazard classes describing the potential hazards represented by
Sea Level Rise, from no hazard to extreme hazard.

Coastal topography Elevation Index

Sea Level Rise
Hazard zones

Sea Level Rise Sea Level Rise Index

The Sea Level Rise Hazard information is available for the three RCPs (RCP2.6, RCP4.5 and RCP8.5) and
the projection year 2100.

The underlying Climate
Change Variables are also
optionally available as
individual values. You can
find more information
under Climate Change
Expert Module.

2The start / end of the Fire
Season is defined

according to the FWI>=15 /

FWI<15 being maintained
for two consecutive weeks
in the 7-day moving
average FWI series

Wildfires are a destructive hazard, which can occur naturally and can be caused by humans. Fire
Weather Stress describes meteorological fire conditions on the basis of fire danger modelling,
namely the Fire Weather Index (FWI).

The FWI combines the probability of ignition, the speed and likelihood of spread and the availability of
fuel to a combined metric. Fire events are often accompanied by secondary effects including erosion,
landslides, impaired water quality and smoke damage. According to the European Commission’s Joint
Research Centre (JRC), climate change alters the relevant meteorological conditions impacting the
ignition and spread of wildfires. On the basis of fire danger modelling, Munich Re provides detailed
information on wildfire conditions as well as an integrated Fire Weather Stress Index.

The Fire Weather Stress Index is based on the Fire Weather Index (FWI), which describes the climatological
conditions for wildfire. The FWI is a widely used numeric rating, combining the probability of ignition,

the speed and likelihood of fire spread and the availability of fuel. The FWI is modelled on the basis of
daily information about temperature, precipitation, humidity and wind, using ECMWF ERAS5 and ERA5-
Land atmospheric reanalysis data for the reference period. The changes for the projection periods are
based on the respective data from the latest high-resolution global (CMIP6) climate models. The Fire
Weather Stress Index combines relevant information derived from the FWI time series and classifies the
Fire Weather Stress situation on a scale ranging from O (very low) to 10 (very high).

The Fire Weather Stress Score is the categorised average of the following parameters normalised onto
a 0-10 scale: Annual Fire Season Length, Fire Season Intensity, Annual FWI Sum, Annual Maximum FWI,
Annual Number Of High Fire Danger Days.

The Fire Weather Stress Index is calculated from a range of measures related to climatological
wildfire conditions, including the following Climate Change Variables:

Utilised Climate Change Variables! Description

Length Of Fire Season Annual number of days corresponding to the fire season? [days]

Annual FWI Sum Annual sum of daily Fire Weather Index (FWI)

Annual Maximum FWI Annual maximum of daily FWI
Fire Season FWI Intensity Average FWI value during the fire season!

Annual Number Of Moderate, High
and Very High Fire Danger Days

Annual number of days with moderate (FWI>15), high
(FWI>30) and very high (FWI>45) fire danger [days]

All scores and additional measures are available for the reference period as well as the respective
combination of the four SSPs (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) and projection years 2030,
2040, 2050 and 2100.
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Climate Hazard

Increasing temperature in addition to changes in precipitation patterns can cause drier weather Scores

conditions and hence more intense and frequent drought events, which can have severe economic,
environmental and social impacts. Munich Re provides an integrated Drought Stress Index to
identify the impact of climate change on current drought conditions globally.

The Drought Stress Index describes dryness conditions and changes in the water balance, characterised
by the change in precipitation and potential evapotranspiration. It is derived from multiple dryness
indices and the Standardized Precipitation-Evapotranspiration Index (SPEI), which is a state-of-the-art
index for describing drought conditions. As a multi-scalar drought index, the SPEI is based on climatic
data, used to determine the duration, intensity and severity of drought conditions with respect to
historical conditions (calibrated over a 40-year period from 1950). The SPEI is modelled on the basis of
daily information about temperature, precipitation and humidity, using data from the latest high-resolution
global climate models (CMIP6) to assess drought conditions. Relevant dryness parameters are modelled
on the basis of ECMWF ERA5 and ERA5-Land atmospheric reanalysis data (~10 km horizontal
resolution) for the reference period’, together with data from the latest high-resolution global climate
models (CMIPB) for the future.

The Drought Stress Score is the categorised average of the following parameters normalised onto a 0-10
scale: Drought Durations, Drought Severity Per Event, and Annual SPEI Sum from the 9-month SPEI
time series as well as Meteorological Dry Days, Maximum Dry Spell Duration and 10-Day Dry Spell Days.

The Drought Stress Index is calculated from a variety of scientific data, including the following
Climate Change Variables2:

Utilised Climate Change Variables? Description

Drought Duration Per Year Annual number of months with drought
conditions® [months]

Drought Severity Per Event Annual average of accumulated sum of negated monthly
SPEl values (i.e. SPEI values with reversed signs) in
identified drought events, where drought events are
episodes with SPEls below -13

Annual SPEI Sum Annual sum of negated monthly SPEI values (i.e. SPEI

values with reversed signs) The reference period is
1995 to 2014.

Meteorological Dry Days Annual number of days with precipitation 2The underlying Climate

less than Imm [days] Change Variables are also
optionally available as

individual values. You can

Maximum Dry Spell Duration Annual maximum length of dry spells (consecutive days find more information

- - nder Climate Change
with precipitation less than Imm) [days] Expe:t Mo nang

3Drought conditions are

10-Day Dry Spell Duration Annual number of days in dry spells that last defined as occurring during
aminimum of 10 days [days] months with a monthly
SPEI of below -1.

All scores and additional measures are available for the reference period as well as the respective combi-
nation of two SSPs (SSP2-4.5and SSP5-8.5) and projection years 2030, 2040, 2050 and 2100.
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Climate Hazard
Scores

1The reference period is
1995 to 2014

2The underlying Climate
Change Variables are also
optionally available as
individual values. You can
find more information
under Climate Change
Expert Module.

SNear-surface air
temperature

4Heatwaves as days with
daily maximum near-
surface air temperature

> 30°C for at least 3
consecutive days (which
continue as long as the
average maximum
temperature remains

> 30°C for the whole period
and maximum temperature
never falls < 25°C for any
day).

8 Heat Stress

Global warming is increasing the risk of Heat Stress, which affects humans, infrastructure and
ecosystems. Temperatures are rising and the intensity and frequency of heat waves are increasing.
Munich Re provides detailed information on the meteorological threat by Heat Stress and an
integrated Heat Stress Index.

Relevant heat parameters are modelled on the basis of ECMWF ERA5 and ERA5-Land atmospheric
reanalysis data (~10 km horizontal resolution) for the reference period' and combined with data from the
latest high-resolution global climate models (CMIP6) for the future projections. The Heat Stress Index
combines relevant information from these parameters and classifies the climatological Heat Stress
situation on a scale ranging from O (very low) to 10 (very high). The parameters were chosen in accordance
with scientific studies with the aim of depicting heat stress consistently, locally and globally.

The Heat Stress Score is the categorised average of the following parameters normalised onto a
0-10 scale: Annual Days In Heat Wave, Annual Maximum Temperature, Annual Mean Daily Maximum
Temperature, Annual Days Above 40°C and Annual Tropical Nights.

The Heat Stress Index is calculated from a variety of scientific data, including the following Climate
Change Variables2:

Utilised Climate Change Variables? Description

Annual Maximum Temperature Annual maximum of daily maximum temperatures [°C]

Mean Daily Maximum Temperature Annual mean of daily maximum temperature? [°C]

Days In Heatwave! Annual number of days in a heatwave* [days]

Tropical Nights Annual number of days when the night temperature (daily

minimum temperature?) does not fall below 20°C [days]

Days Above 30, 35, and 40°C Annual number of days with daily maximum temperatures

exceeding 30, 35, and 40°C respectively [days]

Annual Number Of Days In Hot Period Annual number of days that are part of a period, of a mini-
mum of 3 days, in which the daily maximum temperature is

at least 35°C. [days]

The annual Warm Spell Duration Index (WSDI) days repre-
sent the annual number of days that are part of a series of at
least 6 days in which the daily maximum temperature? sur-
passes the 90th percentile of daily maximum temperature
observed during the reference period! [days]

Annual Warm Spell Duration Index Days

All scores and additional measures are available for the reference period as well as the respective
combination of the four SSPs (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) and projection years 2030,
2040, 2050 and 2100.




"The underlying Climate
Change Variables are also
optionally available as
individual values. You can
find more information
under Climate Change
Expert Module.

2The reference period is
1995 to 2014.

—
Due to global warming and particularly to warmer oceans, air contains more moisture. The impact
of climate change on precipitation is very heterogenous globally, which is caused by its fine-scale

&» Precipitation Stress

features. Climate change can lead to an intensification of high-precipitation events and an alteration

of the frequency of such events, which can cause crop damage, soil erosion and increase Flood Risk.

Munich Re provides information on the threat posed by heavy precipitation in the form of detailed
precipitation information as well as an integrated Precipitation Stress Index. Relevant precipitation
parameters are modelled on the basis of ECMWF ERA5 and ERA5-Land atmospheric reanalysis data
for the reference period and data from the latest high-resolution global (CMIP6) climate models for
the future projections. The Precipitation Stress Index combines relevant information from the
parameters characterising heavy precipitation, and classifies the Precipitation Stress situation on

a scale ranging from O (very low) to 10 (very high). The parameters were chosen in accordance with
scientific studies with the aim of depicting heavy-precipitation stress consistently, locally and globally.
The Precipitation Stress Score is the categorised average of the following parameters normalised onto
a 0-10 scale: maximum daily precipitation, maximum 5-day precipitation, annual number of very heavy
precipitation days, total precipitation of Very Wet Days.

The Precipitation Stress Score is the categorised average of the following parameters normalised onto
a 0-10 scale: Maximum Daily Precipitation, Maximum 5-Day Precipitation, Annual Number Of Heavy
Precipitation Days.

The Precipitation Stress Index is calculated from a variety of scientific data, including the following
Climate Change Variables™:

*§ Cold Stress

Climate change will alter not only maximum temperatures but also minimum temperatures in the
future. These altered environmental conditions may have an impact on people, infrastructures and
the biosphere. Therefore, Munich Re also provides detailed information on the meteorological
threat of Cold Stress and an integrated Cold Stress Index.

Relevant heat parameters are modelled on the basis of ECMWF ERA5 and ERA5-Land atmospheric
reanalysis data (~10 km horizontal resolution) for the reference period', together with data from the
latest high-resolution global climate models (CMIP6) for the future projections. The Cold Stress Index
combines relevant information from these parameters and classifies the climatological Cold Stress
situation on a scale ranging from O (very low) to 10 (very high). The parameters were chosen in

accordance with scientific studies with the aim of depicting Cold Stress consistently, locally and globally.

The Cold Stress Score is the categorised average of the following parameters normalised onto a
0-10 scale: Annual Days In Cold Spell, Annual Minimum Temperature, Annual Mean Daily Minimum
Temperature, Annual Days of Frost and Annual Days of Ice.

The Cold Stress Index is calculated from a variety of scientific data, including the following Climate
Change Variables2:

Utilised Climate Change Variables! Description

Utilised Climate Change Variables? Description

Maximum Daily Precipitation Annual maximum of 1-day precipitation [mm]

Annual Minimum Temperature Annual minimum of daily minimum temperature? [°C]

Maximum 5-Day Precipitation Annual maximum of 5-day consecutive precipitation[mm]

Mean Daily Minimum Temperature Annual mean of daily minimum temperatured [°C]

Moderate, Very Heavy, Extreme Wet Days Annual number of days with a total precipitation > 10mm

(moderate), 30mm (very heavy), 50mm (extreme) [days]

Annual Number Of Frost Days Annual number of days with daily minimum temperature

< 0°C [days]

Annual Precipitation Sum Total annually accumulated precipitation [mm]

Annual Number Of Ice Days Annual number of days with daily maximum temperature

< 0°C [days]

Precipitation Sum On Very Wet Days and
Extremely Wet Days

Annual sum of precipitation amount on days with more
precipitation than in the historical 5% wettest days and 1%
wettest days, for Very Wet Days and Extremely Wet Days
respectively, observed during the reference period? [mm]

All scores and additional measures are available for the reference period as well as the respective
combination of the four SSPs (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) and projection years 2030,
2040, 2050 and 2100.

Annual Cold Spell Duration Index Days
sent the annual number of days that are part of a series of

at least 6 days in which the daily minimum temperature? is

below the 90th percentile of daily minimum temperature
observed during the reference period' [days]

The Annual Cold Spell Duration Index (WSDI) Days repre-

All scores and additional measures are available for the reference period as well as the respective
combination of the four SSPs (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) and projection years 2030,
2040, 2050 and 2100.

The reference period
is 1995 to 2014.

2The underlying Climate
Change Variables are also
optionally available as
individual values. You can
find more information
under Climate Change
Expert Module.

3Near-surface air
temperature
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Climate Change Expert Module

Many business decisions depend on how accurately you can understand, measure and manage the
risk of climate change, and the decision-making process therefore requires the latest and most
relevant data.

Transparency and trust in the data form the basis for excellence in risk management and modelling.
Climate Change Expert Module provides an extensive set of climate metrics which enable you to conduct
in-depth analyses into the concrete climate risks threatening your business operations. It puts you in a
position to provide very specific answers to the way in which climate change will affect your risk exposure,
your investment and your decision-making. In addition to our globally consistent Climate Stress Indices
from Climate Change Edition, which capture the different facets of climate risk (too hot, too cold, too wet,
too dry...) in a high-level universal way, Climate Change Variables plus the Climate Change Statistics
allow you to deep dive local, sector-specific drivers of climate risk threating your business success.

Climate Change Variables

35 Climate Change Variables or 35 ways to assess risks in more detail: Climate Change Expert
Module provides you with a total of 35 additional detailed scores, the so-called Climate Change
Variables, for the five Climate Hazard Scores (Fire Weather Stress, Drought Stress, Heat Stress,
Precipitation Stress and Cold Stress) for an in-depth assessment of your assets.

& Fire Weather Stress Index

Length Of Fire Season Annual number of days corresponding to the fire season

Annual FWI Sum Annual sum of daily Fire Weather Index (FWI)

Fire Season FWI Intensity Average FWI value during fire season (i.e. cumulative FWI

sum divided by number of days in fire season)
Moderate Fire Danger Days Number of days with moderate (FWI>15) fire danger
Very High Fire Danger Days Number of days with very high (FWI>45) fire danger

Maximum FWI Annual maximum of the Fire Weather Index (FWI)

%= Drought Stress Index

Drought Duration Per Year

Annual number of months with drought conditions, where an SPEI
(Standardized Precipitation Evapotranspiration Index) of -1is the
threshold for identifying drought conditions

Drought Severity Per Event

Annual average of accumulated sum of monthly SPEI in identified
drought events (i.e. integrating drought magnitude along drought
durations), where drought events are episodes with SPEls below -1

Max. Dry Spell Duration

Annual maximum length of dry spells (consecutive days with
precipitation less than Imm)

Annual SPEI Sum

Annual sum of monthly SPEI values

Meteorological Dry Days

Annual number of days with precipitation less than Imm

10 Day Dry Spell Duration

# Heat Stress Index

Annual number of days in a 10-day dry spell

Annual Maximum Temperature

Annual max. of daily maximum temperature

Annual Mean Daily Max. Temperature

Annual mean of daily maximum temperature

Days above 30°C Annual number of days with daily max. temperature higher than 30°C
Days above 35°C Annual number of days with daily max. temperature higher than 35°C
Days above 40°C Annual number of days with daily max. temperature higher than 40°C

Tropical Nights

Annual count of days when night temperature (daily minimum
temperature) >20°C

Days In Heatwave

Annual number of days in heatwave with heatwave definition by
Kysely, Kalvova, & Kveton, 2000: Daily max. temperature above 30°C
for at least three consecutive days (and continue to be counted as long
as the average max. temperature remains above 30°C for the whole
period and max. temperature never falls below 25°C for any single day)

Annual Number Of Days In Hot Period

Annual number of days that are part of a sequence with minimum
3 days in which the daily maximum temperature is at least 35°C

Annual Warm Spell Duration Index Days

) Precipitation Stress Index

Annual number of days that are part of a series of at least 6 days in
which the daily max. temperature surpasses the 90th percentile of the
period 1995-2014

Maximum Daily Precipitation

Annual maximum of 1-day precipitation

Annual Precipitation Sum

Annually accumulated precipitation

Maximum 5-Day Precipitation

Annual maximum of 5-day consecutive precipitation

Moderate Precipitation Days

Annual number of days with more than 10mm precipitation

Very Heavy Precipitation Days

Annual number of days with more than 30mm precipitation

Extreme Precipitation Days

Annual number of days with more than 50mm precipitation

Precipitation On Very Wet Days

Annual sum of precipitation amount on days with more precipitation
than in the 5% wettest days of the period 1995-2014

Precipitation On Extreme Wet Days

*& Cold Stress Index

Annual sum of precipitation amount on days with more precipitation
than in the 1% wettest days of the period 1995-2014

Annual Minimum Temperature

Annual minimum of daily min. temperature

Annual Mean Daily Min. Temperature

Annual mean of daily min. temperature

Annual Cold Spell Duration Index Days

Annual number of days that are part of a sequence of at least six days
where the daily minimum temperature is lower than the 10th percentile
of the period 1995-2014

Frost Days

Annual number of days with minimum temperature < 0°C

Ice Days

Annual number of days with maximum temperature < 0°C




Climate Change Statistics

If you need to base your business decisions on highly detailed data
assessments, our REST API allows you to seamlessly integrate all of the
entire underlying statistical uncertainty measures data into your business
systems. Each Climate Change Variable (absolute value) is based on six Climate
Change Statistics to ensure highest data accuracy and provide maximum
transparency.

Absolute/relative change

Median of projected change from reference period to specified
projection year, derived from a set of available CMIP6 models.

0.1 quantile of absolute/relative change

10th percentile of projected change from reference period
to specified projection year, derived from a set of available CMIP6
models.

0.9 quantile of absolute/relative change

90th percentile of projected change from reference period
to specified projection year, derived from a set of available CMIP6
models.

Standard deviation of absolute/relative change

Standard deviation of projected change from reference
period to specified projection year, derived from a set of available
CMIP6 models.

Change of robustness

Robustness of projected change, derived from the statistical
significance of change of set of available climate models and model
agreement. (Values: -1 = lacking model agreement, 0= no significant
change, 1 = significant change)

Number of models

O 0 0 0 O

Number of CMIP6 models used for climate variable calculation.

Please note: This data service requires an Enterprise platform subscription,
which includes the use of our REST API for easy data integration into your own
business systems.
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Munich Re’s River Flood Hazard data (provided by JBA Risk Management) offers state-of-the-art
flood hazard information (with a 30m horizontal resolution), available on a global scale. The global
flood maps are constantly improved and are a market standard.

They are based on bare-earth digital terrain data and a consistent worldwide digital surface model.
The River Flood Hazard is represented by four return period zones, ranging from Zone 0 (areas of
minimal flood risk) to Zone 50 (50 year return period of River Flood). Information on the standard of
protection of the flood defences (SoP) is available upon request. River Flood projections for the years
2030, 2050 and 2100 are available in Munich Re's Climate Change Edition.

Flood zone Description of flood zones © Summary:

Values on the map show: river
flood hazard divided into four
return periods (minimal risk

Flood zone Description

0,500,100, 50).
Zone 0 Areas outside the 0.2% annual chance floodplain
Spatial resolution: 30 metres
Coverage: global
Zone 500 0.2% annual chance flood event (500-year return SOWC;’JB% Risk Management
period) Limited
Zone 100 1% annual chance flood event (100-year return period)

Zone 50 2% annual chance flood event (50-year return period)

Categery

Matural Hazards

Flash Floods are short-term events which can be produced by severe convective
storms or heavy rain events over one area. Flash Floods can be heavily destructive
due to the enormous amount of water which often carries rocks, debris and mud.

The hazard is represented by 6 zones, starting from Zone 1 (low hazard) to Zone 6
(high hazard). The Flash Flood map is based on meteorological data, as well as soil,
terrain and hydrographic data (slope and flow accumulation). The meteorological
data includes the amount, variability and extreme behaviour of rainfall. Munich Re
uses soil-sealing maps (detected by looking at impervious surfaces), curvature (from
global multi-resolution terrain elevation data with a resolution of 7.5 arcseconds),
slope and flow accumulation (from conditioned terrain data based on SRTM
elevation with a resolution of 15 arcseconds) as modifiers to generate the final
Flash Flood map. The data is gridded on a 250-metre raster.

() Summary:

Values on the map
show: Hazard level
of Flash Flood on a
scale from 1 (low) to 6
(high).

Spatial resolution:
250 metres
Coverage: global
Source: Munich Re
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Storm Surges can occur along sea coasts if strong wind forces water towards the shore, which
can measure up to several metres. In conjunction with the astronomic tide and high seas,
extremely high water levels may therefore occur on certain sections of the coast. The geometry
of the coast itself plays an important role regarding the exposure to Storm Surge. The effects

of arise in sealevel also depend on the shape of the coast. The flatter the strip of the coast, the
more extreme the effects will be.

Munich Re classifies the hazard into three categories: Zones 100, 500 and 1000. Coasts in Zone
100 are exposed to a 100-year return period of Storm Surge (1% annual exceedance probability

of flooding), those in Zone 500 a 500-year return period (0.2% annual exceedance probability of
flooding) and those in Zone 1000 a 1000-year return period (0.1% annual exceedance probability

of flooding). The map is based on the MERRIT digital elevation model. The inundation area of these
return periods are simulated by applying cost-weighted distance tools. Munich Re simulates
multiple wave heights for each coast and calculates the maximum expansion. Wind speeds and
bathymetry data are also taken into account.

() Summary:

Values on the map show: Storm 