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IMPORTANT INFORMATION

WHAT THIS ANALYSIS DOES AND DOES NOT DO
The analysis represented in this report uses the Climate Risk Engines operated by
Climate Risk P/L that process information and return results. Generally, the analysis is
conducted on Representative Assets which are synthetic representations of a real or
hypothetical asset which may include real estate properties, infrastructure or other
physical objects. Information about this Representative Asset is processed together with
other relevant information such as location, age or value. The Climate Risk Engines
integrate the information sent to it with information from a large number of national and
international datasets from government institutions, universities and private companies
to provide a generalised model of how climate change may affect a number of physical
risks to the Representative Asset, all else being equal. However, the Climate Risk Engines
do not provide a forecast, prediction or projection based on any real or planned asset.
The analysis does not purport to ‘cover the field’ of all potential risks associated with
climate change nor to address coincidence or correlation between such risks. For
example, extremes of precipitation and flooding may be coincident with extreme wind-
storms which can weaken a building making it more vulnerable to damage. The Climate
Risk Engines do not necessarily take into account the impact of any actual built
infrastructure, modifications, adaptations or resilience-building measures (public or
private) that have been, or may be, applied that reduce (or exacerbate) the relevant
hazard. No representation is made in relation to the availability or coverage of insurance
to a real or planned asset.

NOT FORECASTS OR PREDICTIONS
XDI does not purport to generate statements of fact, forecasts or predictions, nor imply
any representation regarding the likelihood, risk, probability, possibility or expectation of
any future matter. To the extent that any statements made or information contained or
generated might be considered forward-looking in nature, they are subject to physical,
political, regulatory, technological and stakeholder-related variables and uncertainties
that could cause actual results to differ materially. Readers are cautioned not to place
undue reliance on any such forward-looking statements, which reflect assumptions and
information available only as of the date of modelling. No explicit or implicit assumption
is made in relation to the current or future alignment of any climate change-related
scenarios with climate- related policies of any government at international, national or
sub-national level. The impacts of climate change analysed are only for a specific set of
greenhouse gas emissions and global warming scenarios presented in the
Intergovernmental Panel on Climate Change Assessment Report (IPCC 2014, IPCC 2007).

NOT FINANCIAL ADVICE
The information presented does not comprise, constitute or provide, nor should it be
relied upon as, investment or financial advice, credit ratings, an advertisement, an
invitation, a confirmation, an offer or a solicitation, or recommendation, to buy or sell any
security or other financial, insurance, credit or lending product or to engage in any
investment activity, or an offer of any financial service.
This information does not purport to quantify risk to the subject land, infrastructure,
buildings or other physical assets or any part thereof, nor make any representation in
regards to the saleability, mortgage ability, insurability, or defects, of any subject
property, nor its suitability for purchase, holding or sale. The Modelling Outputs
presented are provided with the understanding and expectation that each user will, with
due care, conduct their own investigation and evaluation of any real or planned asset at a
specific location.

EXCLUSION OF LIABILITY
To the extent permitted by law XDI and Climate Risk P/L and our data and analytic
suppliers will not be liable for any loss or damage, whether in contract, tort (including
negligence), breach of statutory duty or otherwise, even if foreseeable, arising under or in
connection with use of or reliance on any information, data or content obtained via our
services, including (without limitation) the modelling outputs presented.

SCIENTIFIC LIMITATIONS
The information presented has been generated using an expert selection of the scientific
methods and computational modelling techniques available at the time of creation.
However, at any time there are known limitations of which you should make yourself
aware. These are constantly refined and updated and are clearly specified on the
Xdi.systems and EasyXDI website.

SCOPE OF MODELLING AND SCENARIOS
Science is not able to definitively predict the exact range or rate of future global warming;
or the scale and rate of change of atmospheric and oceanic processes that may be
hazardous, including temperatures, precipitation, wind and the rise in sea levels that
result from this warming. Many variables will determine society’s continuing rate of
emission of ‘greenhouse gases’ (including political, regulatory, technological and
behavioural factors), and how the Earth’s natural systems respond. However, we can
estimate a range of potential impacts across what mainstream science considers to be a
plausible set of scenarios for future ocean and atmospheric behaviour. The scenarios
used for this analysis are specified in the relevant Scenarios sections of this report.

While every effort has been made to ensure that this document and the sources of
information used herein are free of error, the authors: Are not liable for the accuracy,
currency and reliability of any information provided in this publication; Make no
express or implied representation of warranty that any estimate of forecast will be
achieved or that any statement as to the future matters contained in this publication
will prove correct; Expressly disclaim any and all liability arising from the information
contained in this report including, without, errors in, or omissions contained in the
information; Except so far as liability under any statute cannot be excluded; Accept
no responsibility arising in any way from errors in, or omissions contained in the
information; Do not represent that they apply any expertise on behalf of the reader or
any other interested party; Accept no liability for any loss or damage suffered by any
person as a result of that person, of any other person, placing any reliance on the
contents of this publication; Assume no duty of disclosure or fiduciary duty to any
interested party.

CAVEATS AND LIMITATIONS
Excluded Hazards: The analysis only includes hazards specified – it does not include 
hurricane/cyclone, landslip, erosion, lightening or any other hazards apart from those 
specifically identified.

Non-Accessible Assets: The analysis Is based on synthetic representations of assets
with identifiable address such as free standing dwellings, shops, offices, branches,
factories, commercial buildings, apartments and duplexes. The analysis does not
include movable dwellings without postal addresses such as caravans, annexes or
tents.

Prepared by:
Michael Bojko, Maxwell McKinlay, Tamara Dorrington, Ruth Tedder, Dr Karl Mallon
and Jacquelyn Lamb

© Copyright XDI Pty Ltd, 2021

This document is protected by copyright. XDI and Climate Risk Pty Ltd maintains the
intellectual property rights for all of the tools used in this project.

Reproduction is allowed provided there is attribution to XDI Pty Ltd.
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INTRODUCTION

XDI undertakes asset level climate change physical risk analysis to the built environment all
over the world. At any one time, about 100 people are EasyXDI.com to check physical risk to
individual infrastructure and property assets. But in some circumstances a deep dive into a
whole-of-country property data set is really beneficial. It can provide a national baseline of risks
from hazards such as flooding, coastal inundation and subsidence to help stakeholders
understand what lies ahead for the nation - along the lines of a report on the performance of a
client portfolio. It also allows for a nuanced geographical breakdown so that we can see where
and when problems are emerging and therefore support policy interventions by the public and
private sectors to protect vulnerable communities.

The aim of this report is to provide quantified insights into the scale, severity and concentration 
of current and future extreme weather and climate change risk to the UK’s national property 
address base.  This information will be of relevance to government, regulators, and financial 
institutions working with commercial and residential assets. 

This report contains results from analysis on the entire address base of 34 million residential
and commercial addresses in the UK and Northern Ireland. The address base has been stress
tested under RCP 8.5.

This data set creates the opportunity for all lenders, large and small, to have the information
they need to avoid financial instability due to climate impacts.

ANALYSIS PARAMETERS

Emissions Scenario: The impacts of the high-emission scenario RCP8.5 is presented 
here which is consistent with current trends.  Emission pathways RCP4.5 and RCP2.6 
are computed, but not presented herein.

Aggregation: Risks have been aggregated into 406 government areas.

Metrics
• MVAR Max-to-Date Value at Risk 
• HRP# Number of High-Risk Properties per county 
• HRP% The percentage of High Risk Properties per area
• CAV% Climate Adjusted Value percentage of value of building stock

Time frame: Risks computed annually from 1990 to 2100, reported at
• current position, 
• end of mortgage terms (2050), and the
• end of the modelling horizons and building life (2100).

Hazards: Six hazards have been considered in detail
• Riverine flooding; surface water flooding; coastal inundation; extreme wind storms; 

and soil subsidence.
• Forest fire, freeze-thaw and hurricanes will be of less relevance in the UK.
• Heat waves have been analysed but are not covered in this data-report.

Archetype: Addresses are analysed according to the construction and engineering 
properties of a moderately resilient asset, no sensitivity testing is included in this report,
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INSURANCE AND DEFAULT RISK

5-fold increase in insurance costs. Premium corrections likely.
• Its estimated that the annualised of costs damage-based losses has increased by

18% since 1990 due to climate change.
• Insurance premiums have likely not kept up with this underlying risk and a correction

is therefore expected.
• Looking forward, insurance costs for extreme weather can be expected to increase a

further 28% between 2021 and 2050 and 5.4 fold by the end of the century.

Half a million properties at risk of losing affordable insurance, increasing to 1.9 million
Of most importance to mortgage lenders are high-risk properties which are vulnerable to
a loss of affordable insurance and therefore at severe default risk in case of an extreme
weather event as well as negative equity as property values adjust.
• Currently, 555,250 properties (or 1.6% of addresses) have been classified as high-

risk.
• This is projected increase to 742,000 (2.18%) by 2050 and then to 1,860,000 (5.45%)

by 2100.
• These properties are at high risk of mortgage default if they are uninsured when an

extreme weather event occurs.
• The long-term impacts will largely be locked-in by existing building codes and

planning regimes.
• Possible mitigation through future emission reductions, property adaptation,

municipal protective works or relocation of high risk-communities.

MAXIMUM-TO-DATE Value-at-Risk (MVAR%)

This graph shows the 
distribution of 
Maximum-to-Date 
Value-at-Risk across 
the UK national address 
base under the RCP8.5 
scenario for the 
moderately resilient 
property archetype. The 
vertical axis is 
Maximum-to-Date 
Value-at-Risk % and the 
horizontal axis is the 
percentile of assets in 
that MVAR band. 

The different coloured 
lines represent different 
time points between 
1990 and 2100.
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PROPERTY VALUE DECLINES

1.4% Property Value Corrections Overdue, 7.5% of climate correction projected   
As both commercial and residential property buyers start to consider climate change and 
insurance costs in their purchasing decisions it is to be anticipated that properties highly 
exposed to extreme weather and climate change impacts will be decrease in value relative to 
the market.  In some cases, those declines may be severe enough to cause negative equity.
• The modelling suggests an overdue market correction of 1.4% due to climate change.
• Looking forward the decline will increase to 1.7% by 2050 and 7.5% by 2100.
• Value of the likely correction is over half a trillion pounds (~ £525bn) before 2100.

KEY HAZARDS DRIVING CLIMATE RISK IN THE UK

Inland flooding driving risk today, overtaken by coastal inundation as seas rise
• Currently and in the short term, riverine and surface water flooding will be the main 

drivers of extreme weather and climate change impacts to property. 
• Eclipsed by coastal inundation driven by storm surge and sea level rise around 2060.
• To a lesser extent wind-storm events and soil subsidence during droughts represent

lower level but widespread risk, which will be of less importance to lenders, but
significant for insurers. The climate signal on these hazards is currently weak or
uncertain.

• Percentage of properties flood exposed in 2100: 4% River, 7% surface, 6% coastal.

EVOLVING CONTRIBUTION OF EACH HAZARDCLIMATE ADJUSTED VALUE (CAV) 

This log scale graph 
shows the steady 
growth of riverine and 
surface water 
flooding, and the 
exponential growth of 
coastal inundation.

Extreme weather and 
subsidence risk have 
a large contribution 
due to the large 
number of exposed 
properties to low level 
impacts.
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GEOGRAPHICAL DISTRIBUTION OF RISK
High geographical concentrations.  Some properties at risk of being unable to obtain 
mortgages.
Across all 406 administrative areas within the UK, 81 (20%) areas with the highest 
counts of high-risk properties contribute to 70% of all high-risk properties in the year 
2050.
• In suburbs with high percentages of high-risk properties, some values are 

projected to collapse as properties become un-mortgageable.
• The 10 areas with the highest percentage of high-risk properties in 2050 have been 

identified for each UK country.

England Scotland Northern Ireland Wales

1 Kingston upon Hull Glasgow Belfast Denbighshire

2 Spelthorne Renfrewshire Ards Rhondda Cynon, Taff

3 East Lindsey West Dunbartonshire Down Neath Port Talbot

4 North Somerset Falkirk Larne Merthyr Tydfil

5 Boston East Dunbartonshire Omagh Vale of Glamorgan

6 Runnymede East Ayrshire Ballymena Cardiff

7 Lambeth Highland Banbridge Bridgend

8 Reading Scottish Borders Newry and Mourne Swansea

9 Slough Perthshire and Kinross Derry Carmarthenshire

10 Hastings Clackmannanshire Magherafelt Powys

RANKING OF AREAS HRP# (HIGHEST TO LOWEST)

The more severe 
impacts of extreme 
weather and climate 
change - those sufficient 
to cause default or 
negative equity - are 
highly clustered.
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1. Assess risks to individual Mortgage Portfolios
It is important for each lender to understand the extreme weather and climate change
physical risks to their individual portfolio. At a minimum this must cover the hazards to
which each property is exposed, and how these hazards are projected to evolve over time.
This should include the specific vulnerability of each property or the range of possible
vulnerability if design and construction details are not available. Borrowers may need
support due to the risk of unaffordable insurance cover, default and negative equity.

2. Require comprehensive insurance coverage for High-Risk properties
The immediate risk to the lender is that a property that is damaged or destroyed by an
extreme weather event does not have adequate insurance to cover the cost of the rebuild
or repair. Therefore,
a) Establish actual vulnerability with on-site survey to determine the design and

construction attributes.
b) Establish the hazards and quantum of property insurance coverage in zones of high

hazard exposure.
c) Require that each borrower with a high-risk property provide the bank with certificate of

currency of the policy with the identified cover and inclusions.

3. Screen Incoming Mortgages as the Point of Sale
The simplest way to reduce physical climate risks within the lending portfolio is to avoid
writing new mortgages on high-risk properties unless resilience works are undertaken. It is
therefore highly recommended that lenders implement Point-Of-Sale screening systems.
Lenders should ensure the design standards for properties being considered for mortgages
are appropriate for the present and future location-specific hazards. Where properties fall
short either (a) more information may be needed to verify resilience or (b) adaptation
strategies to ensure the building becomes fit for purpose

4. Be proactive with building resilience in the portfolio rather than relying on
insurers or government.
Every year insurers are able to change their position with regard to included hazards,
premiums and geographical coverage, so there is no long-term commitment over the life of
a mortgage as there is for a mortgage lender. Government insurance schemes and
commitments of building protective infrastructure like river levies and sea-walls fall prey to
political winds. As a result, mortgage lenders cannot presume to rely on insurers or
governments to implement development or financial mechanisms to drive adaptions, or to
prevent risky properties from being built or sold. It is therefore imperative that lenders
acknowledge they are more exposed than other financial sector actors and be prepared to
protect their own position and drive adaptation with their customers.
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5. Develop climate-ready products and policies
To safely write new mortgages for an incoming high-risk property means finding a way to
make that property low risk. In many situations actions can be taken at a property level to
make the property resilient to the location-specific hazards. While these actions will have
associated costs, these costs could be met via ‘mortgage-extension’ products provided by
the lender. These should be seen as necessary investment that will immediately increase
the value of the property, ensure the property is insurable at low cost for the life of the
mortgage and therefore protect the bank against climate driven serviceability pressures,
default risk and negative equity. Lenders might also wish to establish public policy
recommendations that promote government grants and relocation programs to drive local
adaptation and support homeowners in high-risk locations.

6. Test Adaptation Strategies
The impact of different internal and external (e.g.: planning) policies can be tested to see
their effect on the climate risk position of the lender over time. This can be informed by
churn rates, point-of-sale screening rules and geographical distributions. In general, this
information will be useful for investors to understand not just the lenders current position
with regard to climate change risks, but if and how the lender intends to achieve a target
risk posture for climate change impacts.

7. Prepare for Shareholder and RMBS Scrutiny under TCFD
Investors themselves are being asked by the market to disclose their climate risk exposure
and this means they will need to understand the risk profile of their shareholdings and
products like Residential Mortgage Backed Securities (RMBS). As such lenders must
expect to have this analysis to hand or expect the investors to make their own
assessments using national or regional data (such as this report). Therefore, lenders
would be wise to be proactive about risk disclosure and forward-looking risk mitigation and
management, as ignorance of an issue is perceived as a higher risk than inaction.
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ABOUT THIS REPORT

UK PHYSICAL CLIMATE 
RISK REPORT FOR 
MORTAGE LENDERS 
2021
XDI is committed to helping businesses and communities
respond to the threat of climate change by:

• Facilitating access to climate change modelling for
decision makers in government, non-government & the
private sector.

• Assisting companies in the disclosure of physical climate
change risk with the aim of advancing the finance sector’s
response to climate change.

• Enabling the development of lending products that support
customers’ climate change adaptation and improve
property resilience.

This report is designed to provide insights into the risks to the
United Kingdom’s property sector from extreme weather and
climate change.

It provides a quantitative overview of physical climate risk to
inform financial and risk management decisions, based on

recommendations from the emerging literature on physical
climate risk reporting.

Using the award-winning Climate Risk Engines technology, the
results are derived by computationally testing the physical
vulnerability of synthetic representatives of assets and
functional component parts against a range of extreme
weather impacts such as flooding, heat, forest fire and wind.

The results show the changing probability with which assets
may (a) be damaged (b) fail to operate, and the possible
implications on insurability and market value.

The forward-looking results presented in this report are based
on the settings, scenarios and assumptions that have been
selected and applied within the Climate Risk Engines. These
are displayed throughout the relevant sections of this report.
As such these results do not represent predictions.

This report is based on the asset, hazard and climate
modelling data available at the time of the analysis.

HAZARDS ANALYSED
✓ COASTAL INUNDATION
X   EXTREME HEAT
✓ EXTREME WIND
✓ FOREST FIRE
X   FREEZE-THAW
✓ RIVERINE FLOODING
✓ SOIL SUBSIDENCE
✓ SURFACE FLOODING

A QUANTITATIVE ANALYSIS OF PHYSICAL CLIMATE 
RISK TO THE UK’S PROPERTY SECTOR FOR 
MORTGAGE LENDERS AND FINANCIAL 
ORGANISATIONS
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ABOUT THIS REPORT

Climate risk is 
financial risk

Continued emission of greenhouse gases will cause long-lasting changes in all components 
of the climate system and could have significant impacts for global financial systems. 

Following the release of the recommendations of the Taskforce for Climate Related Financial 
Disclosure (TCFD) in 2018, there has been growing momentum for organisational 
governance around climate-related risks and opportunities1.

Lenders and other financial and investment organisations in the UK are under increasing 
pressure to report financial impacts of climate change to their investments, including 
mortgage portfolios on residential and commercial assets.  Climate risk to these assets 
presents significant financial exposure for lenders and their investors.

As the pressure for banks to reveal the extent of climate change risks in their mortgage 
books increases, there will be a growing incentive to avoid writing new mortgages for 
properties with high climate risk. As certain lenders screen out climate vulnerable assets, it 
will gradually increase the fraction of vulnerable assets for those lenders who are unaware of

the liabilities associated with the incoming at-risk properties. Additionally, as extreme 
weather events increase in frequency and severity, insurance will become less accessible, 
leading to serviceability pressure and localised property de-valuations.

Of particular interest to the residential lending industry are the impacts of extreme weather 
and climate change on:
Serviceability – ongoing damage costs and upward pressure on insurance premiums can put 
borrowers under financial strain and undermine their ability to service their loans - exposing 
the lender to increased levels of default.
Property Value - Increased exposure or vulnerability to climate change hazards can be 
expected to lead to a gradual depreciation in property value compared to the general market. 
In some severe cases, such depreciations may impact loan value ratios and expose the bank 
and borrower to negative equity.

Relative Market Position – The aggregated climate change risk to an entity based on the 
residential portfolio as a whole compared to a national benchmark or industry competitors 
are likely to impact the favourability of Residential Mortgage Backed Securities (RMBS) and 
other investment-based products as industry awareness matures 

“The UK National Physical Climate Risk 
Report is a unique treasure trove of 

data covering 34 million properties in 
the UK.” 

– Dr Karl Mallon 

Director of Science & Technology at XDI

HAZARDS ANALYSED
✓ COASTAL INUNDATION
X   EXTREME HEAT
✓ EXTREME WIND
✓ FOREST FIRE
X   FREEZE-THAW
✓ RIVERINE FLOODING
✓ SOIL SUBSIDENCE
✓ SURFACE FLOODING
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GLOSSARY – RISK REPORTING PARAMETERS

Technical Insurance Premium (TIP & TTIP)

The Technical Insurance Premium (TIP) is defined here as the Annual Average Loss (AAL) per Representative Asset for
all hazard impacts combined. The TIP is based on the cost of damage to an asset, expressed in current day
currency with no discounting or adjustments for other transaction costs.

The Total TIP (TTIP) is the sum of all TIPs for all assets in a given area, for example all locations in a country. As such,
the TTIP is useful in drawing attention to the clustered financial risks associated with climate change hazards.

Value-at-Risk (VAR%) and Maximum-to-Date VAR (MVAR%)

The Percentage of Value at Risk (VAR%) is the Technical Insurance Premium expressed as a percentage of a single
asset’s replacement cost, specified for a one year period with no discounting of the TIP or the asset replacement cost.

VAR% = TIP / asset replacement cost

The VAR% can also be applied to a group of assets, in which case Average VAR% is the TTIP divided by the total
replacement value of all assets, making it a non-dimensional average for TIP.

The VAR% is an excellent way of overcoming the bias of the TTIP toward larger assets and / or areas with higher
concentrations of value.

Unless otherwise stated, for each analysed year, the highest VAR up to that date is used, Maximum-to-Date VAR%
(MVAR%). This is because climate models can have considerable variability over time and some hazards may go down
for periods, which can lead to misleading data if only a single year is presented. Therefore the Maximum-to-Date VAR is
used as default because it provides a single insight into the peak physically damaging stress placed on each asset from
extreme weather and climate change observed in the modelling results up to that year.

Climate Adjusted Value (CAV)

Climate Adjusted Value assumes that borrower funds are finite and that money spent on insurance or self-insurance
against extreme weather and climate related hazards must redirect financial resources away from servicing a mortgage
or loan on that asset. Using a default interest rate, this diversion of funds is calculated as an equivalent reduction in the
principal value of the loan that may be borrowed.

As the value of an asset may fluctuate with the market, the reduction in the lending capacity is expressed as a
percentage reduction in equivalent value. The Climate Adjusted Value is therefore the percentage reduction in value for
the Representative Asset, relative an equivalent asset unaffected by extreme weather & climate change.

Number Of High Risk Properties (HRP#)

In this analysis, a Representative Asset is classed as becoming “High Risk” if its Maximum-to-Date Value-at-Risk% for a
given year exceeds 1.0%. This is based on the USA Federal Emergency Management Agency (FEMA) thresholds for
government insurance schemes, which highlight properties in an (historic) 1-in-100 flood zone, also known as “Rating A
Zones”. This is adjusted to accommodate asset resilience.

The number of High Risk Properties (HRP) is the sum of all assets for which the MVAR% is above 1.0% of the
replacement cost of the asset in a given year.

The number of Moderate Risk Properties (MRP) is the sum of all assets for which the MVAR% is between 0.2% and 1.0%
of the replacement cost of the asset in a given year.

The number of Low Risk Properties (LRP) is the sum of all assets for which the MVAR% is below 0.2% of the
replacement cost of the asset in a given year.

Percentage of High Risk Properties (HRP%)

The number of High Risk Properties can also be expressed as a percentage of all assets in a given area.

High Risk Property classifications are usually caused by substantial exposure to severely damaging hazards such as
flooding or coastal inundation, as opposed to soil contraction or forest fire - which may only cause minor damage or
where probabilities of loss remain small. This indicator is therefore useful to show where there are areas which have a
concentration of acute risk.

High Risk MVAR% > 1.0% Insurance may be high cost or unavailable unless 
adaptation actions are undertaken

Moderate 
Risk

0.2% < MVAR% < 
1.0% Risk may lead to higher insurance costs

Low Risk MVAR% < 0.2% Risk may be insurable at reasonable cost

14
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TERM DESCRIPTION

Coastal Inundation Sea water flooding due to high tides, wind, low air pressure and waves can 
damage coastal land, infrastructure and buildings.

Extreme Heat Electrical and mechanical components can fail or send spurious signals when 
their design temperature is exceeded.

Extreme Wind Changes in wind regimes, sea surface temperature and wind speeds. High-wind 
conditions that may exceed a building’s design specifications.

Forest Fire
Flames and heat from burning vegetation can damage buildings and 
infrastructure. Increased incidence of fire weather due to confluence of days with 
higher temperatures, high wind speeds and drier conditions.

Freeze-Thaw

Changes in the annual freeze and thaw cycles resulting from winter periods that 
trend close to freezing point.
Saturated building materials freeze, expand and crack facades and structural 
elements.

Riverine Flooding
Riverine (Fluvial) flooding can damage low-lying building or infrastructure assets. 
Changes in precipitation in a catchment that causes a river to exceed its 
capacity, inundating nearby areas. 

Soil Subsidence Soil contraction due to less rainfall causing subsidence damage to structures.

Surface Water 
Flooding

Surface Water (Pluvial) flooding can damage low-lying building or infrastructure 
assets. Increased frequency of extreme rainfall leading to overland flooding.

GLOSSARY – HAZARDS & ACRONYMS

ACRONYM DESCRIPTION

BES The Bank of England’s 2021 Biennial Exploratory Scenario on the financial risks 
from climate change

CMIP Coupled Model Inter-comparison Project

CMSI Climate Measurement Standards Initiative

CORDEX Coordinated Regional Downscaling Experiment

FSB Financial Stability Board of the G20

GCM Global Circulation Model

IPCC Intergovernmental Panel on Climate Change

RCM Regional Climate Model

RCP

Representative Concentration Pathway. An emission scenario as defined by the 
Intergovernmental Panel on Climate Change (IPCC). In this project the high global 
emission (or ‘business as usual’) scenario known as RCP 8.5 has been analysed 
with a global warming temperature increase of between 3.2°C to 5.4°C by the end 
of 2100

SSP
Shared Socio-economic Pathway. An emission scenario as defined by the 
Intergovernmental Panel on Climate Change (IPCC).  SSP5 could generate levels 
of radiative forcing found in RCP8.5.  

TCFD Taskforce on climate-related financial disclosure

15



UK NATIONAL PHYSICAL CLIMATE RISK REPORT www.xdi.systems

ANALYSIS SETTINGS



UK NATIONAL PHYSICAL CLIMATE RISK REPORT www.xdi.systems

DATA, SETTINGS AND SCENARIOS THIS REPORT’S SETTINGS

Primary RCP: RCP 8.5 

Secondary RCPs: None

Archetype used: Moderately Resilient Property

Number of Assets analysed: 34,073,513

Countries Analysed: England, Scotland, Wales, Northern Ireland

Sensitivity Testing: Not provided in this report

Scale of Aggregation: Level 3 Global Administration Boundaries
(county level or equivalent) 

MODELLED SCENARIOS & SETTINGS

HAZARD REGIONAL CLIMATE MODELS

Coastal Inundation 1.5m by 2100 (midway IPCC high and NOAA high)

Extreme Heat NA

Extreme Wind MPI-M-MPI-ESM-LR

Forest Fire MPI-M-MPI-ESM-LR

Riverine Flood CSIRO-QCCCE-CSIRO-Mk3-6-0

Soil Subsidence ICHEC-EC-EARTH

Surface Water 
Flood CSIRO-QCCCE-CSIRO-Mk3-6-0

Freeze Thaw NA

Stress-test model selection strategy:  For a given region there may be many RCP8.5 downscaled scenarios that could be applied.  To stress-test an asset multiple scenarios are chosen per run each 
of which is most likely to cause the maximum increase in each hazard.  Therefore to test flooding risk, the system selects the scenario which – on a regional average – has the highest increase in 
the annual maximum of daily rainfall.  This strategy goes some way to containing some of the uncertainty, as the approach eschews using a central ensemble estimate with variability and 
uncertainty bounds, and instead seeks to extract the edge of the ‘risk space’ so that decision makers see maximum modelled risk. It should be noted that it is possible that at a local level some 
downscaled areas may have higher hazard drivers from a different model than the one selected, even though at a regional level the average is lower. 
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ARCHETYPE CHARACTERISTIC ARCHETYPE SETTINGS

Replacement Value

Build Year

Floor Height

Ignition Probability

Foundation Design

Wind Speed Threshold (WST)

Temperature Exposure

Asset archetypes, with corresponding design and construction
settings, are used as a stand-in for the actual asset to enable
analysis within the Climate Risk Engines. The analysis in this
report is based on a Moderate Resilience archetype. Some
characteristics of this archetype are outlined below.

These design and construction settings materially impact the
vulnerability of the “Asset” to the hazards to which it is likely to be
exposed.

ARCHETYPE – MODERATE RESILENCE ARCHETYPE

£ 210,000

Year 2000

0.1m

Average Protection

Non-Rigid Reinforced Concrete

1 in 500 years

42 degrees

18
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KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

CHANGE IN MAXIMUM-TO-DATE VALUE-AT-RISK % OVER TIME

CHANGE IN MVAR OVER TIME

This table shows the 
average MVAR% for 
the entire address 
base under the RCP 
8.5 scenario.

This graph illustrates 
the changes in the 
Maximum-to-Date 
Value-at-Risk% over 
the period analysed, 
for the scenario 
RCP8.5.

Under RCP8.5 scenario & using a moderately resilient property archetype, the Average Maximum-to-
Date Value-at-Risk % for the UK national address base increases by more than 440% from the current 
year to 2100. This is driven by increased risks from a range of hazards.

This graph helps identify the extent to which climate change is contributing to asset risk across the 
entire UK national address base under the RCP8.5 scenario and how that risk is expected to change 
over time without adaptation or intervention. The shape of the curve reflects the magnitude of physical 
climate change impacts from hazards over time. 

Under the RCP8.5 scenario & using a moderately resilient property archetype the average Maximum-to-
Date Value-at-Risk% for the UK national address base rises over time, from 0.09% in the current year to 
0.48% in 2100, an increase of over 440%. 

Avg MVAR% 0.08% 0.09% 0.10% 0.11% 0.26% 0.48%
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The graph shows that climate change may tend to push the risks of damage up for all properties, but many will 
remain classified as low risk.  In the current year, under the RCP8.5 scenario & using a moderately resilient 
property archetype, about 95% of the UK national address base is deemed to be low risk.  This position 
deteriorates over the century to the point that less than 90% will considered low risk.

AVERAGE MAXIMUM-TO-DATE VALUE-AT-RISK % DISTRIBUTION

MAXIMUM-TO-DATE Value-at-Risk DISTRIBUTION

This distribution curve provides a overarching insight into the extent to which the UK national address base is 
exposed to extreme weather damage and how that will evolve over time. The proportion of the national address 
base which is high risk (Maximum-to-Date Value-at-Risk > 1.0%) is especially important as this can lead to 
underinsurance, insurance cost stress, devaluation and mortgage defaults.

Currently, 1.63% of the UK national address base is deemed to be at high-risk from physical climate 
change impacts. Assuming volumes of assets analysed, this represents approximately 555,250 assets 
that will suffer damages greater than or equal to 1% of the replacement cost of the building. This is 
expected to increase to 2.18% in the year 2050 and then increase to 5.45% by the year 2100. 

This graph shows 
the distribution of 
Maximum-to-Date 
Value-at-Risk across 
the UK national 
address base under 
the RCP8.5 scenario 
for the moderately 
resilient property 
archetype. The 
vertical axis is 
Maximum-to-Date 
Value-at-Risk % and 
the horizontal axis is 
the percentile of 
assets in that MVAR 
band. 

The different 
coloured lines 
represent different 
time points between 
1990 and 2100.
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Year

1990

2021

2030

2050

2080

2100

KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

THE NUMBER OF LOW, MODERATE & HIGH RISK PROPERTIES

COUNT OF LRP, MRP, HRP

This table shows 
the number of 
assets that are 
classified as low, 
moderate and high 
risk at each time 
interval under the 
RCP8.5 scenario 
(using a moderately 
resilient archetype).

Under the RCP8.5 scenario & using a moderately resilient property archetype, the number of High Risk
Properties (HRP#) in the UK national address base rises over the century. Approximately 555,250 of the 
UK national address base are categorised as high risk from physical climate change impact in the 
current year. This will increase to over 1,857,923 by the year 2100. These represent the number of 
borrowers that are most likely to be exposed to unaffordable or unavailable insurance.

It is useful to identify the number of assets that are classified as low, moderate and high risk and how 
this is likely to change over time. When applied to financial exposure, these figures may indicate the 
level of credit risk to a lender now and in the future, as well as the timelines for the financial impacts 
expected. 

Based on an adaptation of the US Government’s FEMA index used for insurance, the UK national 
address base risk under RCP8.5 scenario & using a moderately resilient archetype is:

• High Risk: 555,250 assets in the current year, rising to 1,857,923 by 2100.
• Moderate Risk: 1,480,378 assets in the current year, rising to 1,575,549 by 2100.
• Low Risk: 32,037,885 assets in the current year, falling to 30,640,041 by 2100.

LRP# MRP# HRP#

32,298,295 1,280,420 494,798

32,037,885 1,480,378 555,250

31,933,551 1,540,606 599,356

31,685,235 1,646,405 741,873

31,138,319 1,605,715 1,329,479

30,640,041 1,575,549 1,857,923
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Year

1990

2021

2030

2050

2080

2100

KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

THE PERCENTAGE OF LOW, MODERATE & HIGH RISK PROPERTIES

This table shows 
the % of the 
national address 
base that is 
classified as low, 
moderate and high 
risk at each given 
time interval under 
the RCP8.5 
scenario (using a 
moderately resilient 
property archetype).

The majority of the UK national address base can be considered low risk today. By the end of the 
standard 30 year mortgage term (2050), 4.83% will be classified as moderate risk (Maximum-to-Date 
Value-at-Risk >0.2% resulting in higher than normal insurance costs) and 2.18% will be deemed to be at 
high-risk from physical climate change impacts (Maximum-to-Date Value-at-Risk > 1.0% resulting in 
possible unaffordable/unavailable insurance).

It is useful to identify the portion of the national address base that is  classified as low, moderate and 
high risk and how this is likely to change over time. These figures may indicate the level of risk to the 
nation’s physical infrastructure now and in the future, as well as the timelines for the building stock’s 
deterioration.

Based on an interpretation of the US Government’s FEMA index used for insurance, the UK national 
address base risk under RCP8.5 scenario & using a moderately resilient archetype is:

• High Risk: : 1.63% in the current year, increasing to 5.45% by 2100
• Moderate Risk: 4.34% in the current year, increasing to 4.62% by 2100
• Low Risk: 94.03% in the current year, decreases to 89.92% to 2100

LRP% MRP% HRP%

94.79% 3.76% 1.45%

94.03% 4.34% 1.63%

93.72% 4.52% 1.76%

92.99% 4.83% 2.18%

91.39% 4.71% 3.90%

89.92% 4.62% 5.45%

PERCENT OF LRP, MRP, HRP
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Under the RCP8.5 scenario & using a moderately resilient property archetype, the portion of High Risk
Properties (HRP) in the UK national address base rises non-linearly. Approximately 1.76% of the UK 
national address base will be categorised as high risk from physical climate change impacts within the 
next 10 years. This will increase to 5.45% by the year 2100. These represent the assets most at risk of 
unaffordable or unavailable insurance.

CHANGE IN PERCENTAGE OF HIGH RISK PROPERTIES. 

CHANGE IN HRP% OVER TIME

This graph provides insight into scale and timing of acute risk across the UK national address base. 
The proportion of the asset base that is High Risk is especially important and this can impact mortgage 
default and present credit risk to a lender.

For the UK national address base under RCP8.5 scenario & using a moderately resilient property 
archetype, 1.63% of the nation’s assets are deemed high risk in the current year, rising to 5.45% in 
2100. 
It is quite common that there is not a uniform change, as different hazards impact different assets at 
different time periods. For the UK national address base, the point of divergence begins around 2070 
as Riverine Flooding and Coastal Inundation risks become differentiated under the higher emission 
scenario.

This graph shows 
the distribution of 
Maximum-to-Date 
Value-at-Risk across 
the UK national 
address base under 
the RCP8.5 scenario. 
The vertical axis is 
Maximum-to-Date 
Value-at-Risk % and 
the horizontal axis is 
the percentile of 
assets in that MVAR 
band. 
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Year

1990

2021

2030

2050

2080

2100

KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

TECHNICAL INSURANCE PREMIUM (TIP) OVERVIEW

Based on a default replacement cost for an asset (£80,000), the average Technical Insurance Premium 
across the UK national address base for the hazards analysed is currently estimated to be £72 per 
property per year. Note that this has increased slightly from 1990 levels, which may be the hazard 
reference data upon which the market still prices many insurance premiums today. By the end of the 
century, average Technical Insurance Premiums due to climate change and extreme weather risk are 
expected to increase by 438% from current year values. (Scenario: RCP8.5).

This result may help companies infer the sorts of insurance costs to be expected for many assets, and 
in turn, how these costs may impact the serviceability mortgage borrowers on their books.  It should be 
noted however that the impacts will not be as widely spread as an averaging implies, but some 
properties will bear the brunt of increasing risks.

Over the course of the century the average TIP increases by 438% from £72 in 2021 to £387 by 2100. 
This represents over £13 billion worth of damage across the entire UK national address base at the end 
of the century, which may lead to serviceability pressures and defaults.

This increase is driven by the high risk subset of assets which will experience significant impacts from 
climate change and extreme weather, while majority of assets will be have only small cost impacts.

Average TIP Total TIP

£61 £2,071,777,231

£72 £2,441,002,913

£77 £2,608,481,702

£92 £3,119,355,156

£209 £7,127,453,349

£387 £13,196,059,330

This table shows the 
change in average 
Technical Insurance 
Premium per asset, as 
well as the total 
Technical Insurance 
Premium expected 
across the entire UK 
national address base.

CHANGE IN TIP OVER TIME
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This graph shows the change in Total Technical Insurance Premium (TTIP) over time. Note that the 
Total TIP graph axis is in billions. It shows the scale and speed of change which will have a bearing on 
identifying financial exposure and serviceability pressures on asset owners.

CHANGE IN TOTAL TECHNICAL INSURANCE PREMIUM (TTIP)

CHANGE IN TTIP OVER TIME (BILLIONS)

The Technical Insurance Premium (TIP) is defined as the Annual Average Loss (AAL) per 
Representative Asset for all hazard impacts. For each asset, TIP is calculated based on the probability 
of a hazard exceeding the damage threshold of an asset component and the consequential damage 
costs to each component. Total TIP (TTIP) is the sum of all asset TIPs within the UK national address 
base .

Since all assets are assigned the same market value, the TTIP trend mimics that of MVAR and shows a
increase of TTIP over the century due to climate change impacts. Over the course of the century the 
Total Technical Insurance Premium (TTIP) increases from £2.1 Billion in 1990 to £13.2 Billion by 2100 
(RCP8.5).
This increase is driven by the high risk subset of assets that will experience significant impacts from 
climate change and extreme weather, whilst the majority of assets will have only small cost impacts.

This graph shows 
the change in Total 
Technical Insurance 
Premium expected 
across the entire UK 
national address 
base under RCP8.5.
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Climate Adjusted Value  (CAV) is projected to force a 1.7% correction to the address base by 2050 and 
7.4% by 2100, for climate scenario RCP8.5 and 1.5m of sea level rise (based on a UK average market 
value of £210,000, replacement/build cost of £80,000 and 2.5% interest rate).

CHANGE IN CLIMATE ADJUSTED VALUE

CLIMATE ADJUSTED VALUE CHANGE OVER TIME

As the value of an asset may fluctuate with the market, the reduction in the lending capacity may also 
be expressed as a percentage reduction in equivalent value. The Climate Adjusted Value can therefore 
be represented as the percentage reduction in value for the affected assets relative to an equivalent 
asset unaffected by extreme weather & climate change. 

If climate change forces insurance costs to increase, this will reduce the income available for mortgage 
repayments for new buyers and lead to a lower value compared to assets with no extreme weather 
exposure. 
If the total UK national address base is worth £7.2 Trillion, this Climate Adjusted Value is projected to 
force a correction to the address base which, for climate scenario RCP8.5, will lose 1.7% of its value by 
2050 and 7.5% by 2100.

This graph shows 
the change in 
relative Market Value 
expected across the 
entire 
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KEY TAKEOUT

GEOGRAPHICAL DISTRIBUTION OF MAXIMUM-TO-DATE VALUE-AT-RISK (MVAR%)

DISTRIBUTION OF MVAR% IN 2021

These maps show the locations of the highest levels of non-
dimensional risk for the UK national address, based on Maximum-
to-Date Value-at-Risk (MVAR%) across several time periods. It 
focusses attention on where risks of damage are highest and 
avoids asset value bias. It may therefore be a useful indication of 
the regions where their may be need to focus risk management 
attention.

These maps of average Maximum-to-Date Value-at-Risk (MVAR%) 
intensity for the years 2021, 2050 and 2100 show a trend in the increase 
of physical risk over time in all areas. These maps demonstrate that the 
climate risk distribution varies because of the local hazard evolution, 
when property value and numbers are taken out of the picture. Without 
adaptation, some areas may become completely unliveable by 2100.

DISTRIBUTION OF MVAR% IN 2050 DISTRIBUTION OF MVAR% IN 2100

0% 100%Maximum-to-Date VAR (%)
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(HIGHEST TO 
LOWEST MVAR%)

AREA

1

2

3

4

5

6

7

8

9

10

TOP 10 AREAS BASED ON MVAR% IN 2050

The following areas have the highest average Maximum-to-Date Value-at-Risk in the year 2050. 

DISTRIBUTION OF AVG MVAR% IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

AVG. MVAR

Kingston upon Hull 1.8%

East Lindsey 0.9%

Spelthorne 0.7%

Boston 0.5%

North Somerset 0.5%

Sedgemoor 0.4%

Derry 0.3%

Runnymede 0.3%

Lambeth 0.3%

Slough 0.3%
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GEOGRAPHICAL DISTRIBUTION OF PERCENTAGE OF HIGH-RISK PROPERTIES (HRP%)

DISTRIBUTION OF HRP% IN 2021

These maps show the areas which have the highest proportion of 
high risk properties as a percentage of all of the properties in that 
area. The high risk properties are those most at risk of under 
insurance, devaluation and serviceability stress. These maps 
could be used as a proxy for regions where high levels of 
mortgage default and credit risk may be expected.

The modelling suggests that a large number of postcodes will 
have a significant increase in the proportion of high-risk 
properties with majority of change concentrated around the 
regions with exposure to coastal inundation and flooding. This 
could have potential negative effects on the local economy 
leading to these areas becoming undesirable for buyers and 
insurers. 

DISTRIBUTION OF HRP% IN 2050 DISTRIBUTION OF HRP% IN 2100

0% 10%HRP (%)
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1

2

3

4

5

6

7

8

9

10

TOP 10 AREAS BASED ON HRP% IN 2050

The following areas have the highest percentage of high risk properties as a portion of the total 
number of properties within the area in the year 2050. 

DISTRIBUTION OF HRP% IN 2050

Note: Areas with less 
than 5000 assets have 
been excluded from this 
list.

HRP%

Kingston upon Hull 53%

Spelthorne 32%

East Lindsey 25%

North Somerset 17%

Boston 15%

Runnymede 11%

Lambeth 10%

Reading 9%

Slough 9%

Belfast 8%
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GEOGRAPHICAL DISTRIBUTION OF NUMBER OF HIGH-RISK PROPERTIES (HRP#)

DISTRIBUTION OF MVAR% IN 2021

The high risk properties (HRP#) map focusses attention on where 
risks of damage have the highest concentration. These maps 
could be used as a proxy for regions where high levels of 
mortgage default and credit risk may be expected.

These maps show the locations and density of the UK national 
address base High Risk Properties (HRP#) in years 2021, 2050 
and 2100. These maps are heavily influenced by population 
density.

DISTRIBUTION OF MVAR% IN 2050 DISTRIBUTION OF MVAR% IN 2100

0 100,000HRP (#)
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AREA

1

2

3

4

5

6

7

8

9

10

TOP 10 AREAS BASED ON HRP# IN 2050

The following areas have the highest number of high risk properties within the area in the year 2050. 

DISTRIBUTION OF HRP# IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

HRP#

Kingston upon Hull 73,160

East Lindsey 24,217

North Somerset 21,250

Glasgow 18,898

Spelthorne 17,344

Lambeth 17,290

Bristol 15,461

Belfast 12,891

Wandsworth 11,683

Hammersmith and Fulham 10,688
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Hazard

Coastal Inundation

Extreme Wind

Forest Fire

Riverine Flooding

Soil Subsidence

Surface Water Flooding

KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

NUMBER OF ASSETS EXPOSED TO EACH HAZARD

PERCENTAGE AND COUNT EXPOSED IN 2100

The  table shows the 
total count and 
percentage of assets 
exposed in 2100 to 
each of the hazards 
analysed.

The results here consider exposure alone and do not report on associated damage levels.  A small 
amount of assets will have exposure to coastal inundation, surface water, riverine flooding and forest 
fire by 2100. A large amount of assets will have exposure to soil subsidence and 100% of assets are 
exposed to extreme wind conditions by 2100. This is a representation of the whole UK national address 
base and does not indicate the severity of the risk to each individual asset.

This table provides an insight into the underlying exposure which can be compared to risk results. It 
helps explain why hazards like extreme wind can often contribute significantly to average MVAR% as 
such hazards affect a large number of assets but don’t necessarily cause high risk to each individual 
asset, which can reduce overall average values.

Before calculating vulnerabilities and level of risk, XDI addresses (a) exposure to predisposed features; 
such as forests or moveable soils, and (b) the degree of that exposure; such as the amount of canopy 
cover or concentration of clay in the soil. In this table the percentage of assets that are exposed to 
each hazard are shown – even if the risks of damages from that hazard are small.  

Assets Exposed in 2100 
(%)

Assets Exposed in 2100 
(#)

6% 2,025,478

100% 34,073,513

12% 4,012,186

4% 1,467,790

79% 26,909,171

7% 2,435,851
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Hazard 1990 2021 2050 2100

Coastal Inundation

Extreme Wind

Forest Fire

Riverine Flooding

Soil Subsidence

Surface Water Flooding

HAZARD CONTRIBUTION TO TOTAL MVAR%

HAZARD CONTRIBUTION TO MVAR% OVER TIME

In 2100, although coastal inundation affects a low volume of assets, it makes a high contribution to the 
overall MVAR% (as the hazard has severe associated damage). Extreme wind impacts a larger volume of 
assets in 2100 but when examining the associated damage, the expected cost and corresponding portion of 
MVAR% is low. Meanwhile, a low percentage of assets are exposed to riverine flooding however it 
contributes moderately to the overall average MVAR% over time due to relative damage levels.

This table show the portion of Maximum-to-Date Value-at-Risk that each hazard represents of the total 
(100%) in each given year. It is relevant because it identifies which hazards are contributing to the 
greatest portion of risk damage each year, regardless of the volume of assets exposed. 

Flooding is the largest contributor today, however coastal inundation eclipses all other hazards by 2100 
contributing to 64% of the total average MVAR.

See the individual Hazard breakdowns for more detailed results.

3% 4% 14% 64%

31% 26% 21% 8%

0% 0% 0% 0%

23% 24% 24% 12%

20% 18% 14% 3%

23% 28% 28% 13%
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Year 1990 2021 2030 2050 2080 2100

THE CHANGE IN AVERAGE MVAR% OVER TIME PER HAZARD

CHANGE IN AVG MVAR% OVER TIME - PER HAZARD 

This graph and table 
shows the change in 
MVAR% over time 
for each hazard 
under RCP 8.5 
scenario.

Typically flooding (riverine and surface water) and coastal inundation are the hazards responsible for 
the most damage and can be seen to be the major contributing hazard to the change in average MVAR 
over time.

This graph shows the change in the UK national address base Maximum-to-Date Value-at-Risk % 
calculated for each hazard over time. It can be useful to see which hazards are projected to increase 
over time in the stress-test model and how the UK national address base will be impacted as a result.

Across all hazards, the average Maximum-to-Date Value-at-Risk % for the UK national address base is 
increasing through to the end of the century. Typically flooding (riverine and surface water) and Coastal 
Inundation are the hazards responsible for most damage.

39



UK NATIONAL PHYSICAL CLIMATE RISK REPORT www.xdi.systems

KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

RIVERINE FLOODING – CHANGE IN MVAR%

MVAR% FOR RIVERINE FLOODING OVER TIME

This graph shows 
the change in the 
MVAR% from 
Riverine Flooding 
over time under RCP 
8.5. 

The UK national address base aggregate Maximum-to-Date Value-at-Risk from riverine flooding under 
RCP8.5 scenario & using moderately resilient archetype shows steady growth, with a 3 fold increase of 
riverine flood risk.

For the relevant emissions scenario, this graph shows the projected change in Maximum-to-Date Value-
at-Risk (MVAR%) or average annual Total Technical Insurance Premium as a fraction of the value of the 
UK national address base. It is useful in determining the severity of the financial risk present to the 
address base from riverine flooding.

The UK national address base’s aggregated Maximum-to-Date Value-at-Risk from riverine flooding 
under the RCP8.5 scenario & using a moderately resilient archetype shows linear growth, leading to 
217% increase by 2100.

Avg MVAR% 0.018% 0.022% 0.024% 0.028% 0.040% 0.057%
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1
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3

4

5

6

7

8

9

10

RIVERINE FLOODING – GEOGRAPHIC DISTRIBUTION

The top 10 areas of Riverine Flooding MVAR% in 2050 range from approximately 0.1% to 0.6%.

GEOGRPAHIC DISTRIBUTION OF RIVERINE FLOODING MVAR% IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

MVAR%

Spelthorne 0.66%

Kingston upon Hull 0.27%

Runnymede 0.24%

Slough 0.21%

Sedgemoor 0.18%

Windsor and Maidenhead 0.18%

Reading 0.17%

Denbighshire 0.14%

West Dunbartonshire 0.13%

Falkirk 0.13%
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KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

SURFACE WATER FLOODING – CHANGE IN MVAR%

MVAR% FOR SURFACE WATER FLOODING OVER TIME

This graph shows 
the change in the 
MVAR% from 
Surface Water 
Flooding over time 
under RCP 8.5. 

The UK national address base’s aggregate Maximum-to-Date Value-at-Risk from surface water flooding 
under RCP8.5 scenario & using moderately resilient archetype shows linear growth, leading to a three 
fold increase in risk from the current year to 2100.

For the relevant emissions scenario, this graph shows the projected change in Maximum-to-Date Value-
at-Risk (MVAR%) or average annual Total Technical Insurance Premium as a fraction of the value of the 
UK national address base. It is useful in determining the severity of the financial risk present to the 
address base from surface water flooding.

The UK national address base’s aggregated Maximum-to-Date Value-at-Risk from surface water 
flooding under the RCP8.5 scenario & using a moderately resilient archetype shows linear growth, 
leading to a 250% increase by 2100 from the current year.

Avg MVAR% 0.018% 0.026% 0.029% 0.033% 0.046% 0.063%
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KEY TAKEOUT

RANKING 
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SURFACE WATER FLOODING – GEOGRAPHIC DISTRIBUTION

The top 10 areas of Surface Water Flooding MVAR% in 2050 range from approximately 0.1% to 0.3%.

GEOGRPAHIC DISTRIBUTION OF SURFACE WATER FLOODING MVAR% IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

MVAR%

Lambeth 0.27%

Kensington and Chelsea 0.25%

Hammersmith and Fulham 0.24%

Westminster 0.20%

Wandsworth 0.17%

Brighton and Hove 0.16%

Southwark 0.15%

Hastings 0.12%

Lewisham 0.12%

Canterbury 0.11%
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KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

COASTAL INUNDATION – CHANGE IN MVAR%

MVAR% FOR COASTAL INUNDATION OVER TIME

This graph shows 
the change in the 
MVAR% from 
Coastal Inundation 
over time under RCP 
8.5.

Under RCP8.5 scenario with 1.5m of sea level rise & using a moderately resilient property archetype, 
the UK national address base’s average Maximum-to-Date Value-at-Risk from coastal inundation is 
expected to increase from 0.004% in the current year to 0.315% in 2100.  This includes the effects of 
astronomic tides, storm surge and land movement adjustments. 

For the relevant emissions scenario, this graph shows the projected change in Maximum-to-Date Value-
at-Risk (MVAR%) or average annual Total Technical Insurance Premium as a fraction of the value of the 
UK national address base. It is useful in determining the severity of the financial risk present to the 
address base from coastal Inundation.

Unlike many other climate exacerbated hazards, coastal inundation increases exponentially over time. 
There has already been a small increase from 0.003% MVAR% in 1990 to 0.004% in the current year.  
This is projected to increase to a MVAR% of 0.315% in 2100.
Note that sea levels will continue to rise for some time, even after global greenhouse gas concentrations 
have been stabilised. Thus damage from coastal inundation is evident in the UK national address base 
regardless of which emissions scenario is applied.

Avg MVAR% 0.003% 0.004% 0.006% 0.016% 0.138% 0.315%
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COASTAL INUNDATION – GEOGRAPHIC DISTRIBUTION

The top 10 areas of Coastal Inundation MVAR% in 2050 range from approximately 0.1% to 1.5%.

GEOGRPAHIC DISTRIBUTION OF COASTAL INUNDATION MVAR% IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

MVAR%

Kingston upon Hull 1.53%

East Lindsey 0.73%

Boston 0.42%

North Somerset 0.36%

Derry 0.25%

Belfast 0.16%

Ards 0.16%

Strabane 0.15%

Limavady 0.15%

Vale of Glamorgan 0.14%
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KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

EXTREME WIND – CHANGE IN MVAR%

MVAR% FOR EXTREME WIND OVER TIME

This graph shows 
the change in the 
MVAR% from 
Extreme Wind over 
time under RCP 8.5.

The overall risks from extreme wind gusts are low for a moderately resilient archetype based on a 1 in 
500 wind failure threshold. Though risks are projected to increase by over 70% with climate change 
they remain well below levels that could impact insurability.

For the relevant emissions scenario, this graph shows the projected change in Maximum-to-Date Value-
at-Risk (MVAR%) or average annual Total Technical Insurance Premium as a fraction of the value of the 
UK national address base. It is useful in determining the severity of the financial risk present to the 
address base from extreme wind.

Analysis of extreme wind risks to the UK national address base shows an increase in damage 
throughout the century. However extreme wind MVAR% still remain well below thresholds that would 
lead to unaffordable insurance premiums.
Most climate models have limitations with regard to wind, (a) they do not yet model small convective 
storms and (b) they do not yet model the creation of cyclones caused by warming. So these extreme 
wind results should be treated with lower confidence and as a work in progress.

Avg MVAR% 0.024% 0.024% 0.024% 0.024% 0.026% 0.041%
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EXTREME WIND – GEOGRAPHIC DISTRIBUTION

The top 10 areas of Extreme MVAR% in 2050 range from approximately 0.06% to 0.07%.

GEOGRPAHIC DISTRIBUTION OF EXTREME WIND MVAR% IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

MVAR%

Down 0.07%

Castlereagh 0.07%

Fermanagh 0.07%

Ards 0.07%

Lisburn 0.07%

Omagh 0.07%

Banbridge 0.07%

Craigavon 0.06%

Armagh 0.06%

Dungannon 0.06%
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KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

SOIL SUBSIDENCE – CHANGE IN MVAR%

MVAR% FOR SOIL SUBSIDENCE OVER TIME

This graph shows 
the change in the 
MVAR% from Soil 
Subsidence over 
time under RCP 8.5.

The MVAR values for Soil Subsidence are low as these risks are generally non-catastrophic for an 
individual asset but can be widespread. There is little evidence of growth due to climate driven 
increases in drought.  This does not include summer subsidence associated with trees undermining 
foundations through water extraction.

For the relevant emissions scenario, this graph shows the projected change in Maximum-to-Date Value-
at-Risk (MVAR%) or average annual Total Technical Insurance Premium as a fraction of the value of the 
UK national address base. It is useful in determining the severity of the financial risk present to the 
address base from Soil Subsidence. 

The UK national address base’s aggregated Maximum-to-Date Value-at-Risk from soil subsidence 
under the RCP8.5 scenario & using a moderately resilient archetype shows very minor growth to 2040 
and no further increases.  This is because most models for the UK do not show any significant 
reduction in annual rainfall.

Avg MVAR% 0.0157% 0.0162% 0.0163% 0.0163% 0.0163% 0.0163%
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SOIL SUBSIDENCE – GEOGRAPHIC DISTRIBUTION

The top 10 areas of Soil Subsidence MVAR% in 2050 range from approximately 0.04% to 0.05%.

GEOGRPAHIC DISTRIBUTION OF SOIL SUBSIDENCE MVAR% IN 2050

Note: Areas with less 
than 5000 assets 
have been excluded 
from this list.

MVAR%

Kettering 0.05%

Milton Keynes 0.05%

North Hertfordshire 0.05%

South Northamptonshire 0.05%

Melton 0.05%

Dacorum 0.05%

Wellingborough 0.05%

Luton 0.05%

East Northamptonshire 0.05%

Chiltern 0.04%
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KEY TAKEOUT

WHY IS THIS RESULT USEFUL

OBSERVATION

Year 1990 2021 2030 2050 2080 2100

FOREST FIRE – CHANGE IN MVAR%

MVAR% FOR FOREST FIRE OVER TIME

This graph shows 
the change in the 
MVAR% from Forest 
Fire over time under 
RCP 8.5.

Forest fire risk is driven by the confluence of low humidity, temperatures and high winds. The risks are 
negligibly low and though these conditions are projected to increase over time the risks remain 
negligible using the models selected.

For the relevant emissions scenario, this graph shows the projected change in Maximum-to-Date Value-
at-Risk (MVAR%) or average annual Total Technical Insurance Premium as a fraction of the value of the 
UK national address base. It is useful in determining the severity of the financial risk present to the 
address base from Forest Fire.

Forest fire risk is driven by the confluence of low humidity, temperatures and high winds. These are 
conditions that are projected to increase exponentially under RCP 8.5 scenario. However, when 
considering the baseline MVAR%, these risks are projected to remain very small for the UK national 
address base.

Avg MVAR% 3.92E-10% 5.00E-10% 5.37E-10% 8.22E-10% 2.83E-9% 6.80E-9%
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FOREST FIRE – GEOGRAPHIC DISTRIBUTION

Forest fire risk are negligible in the UK and may remain so under the modelling applied.

GEOGRPAHIC DISTRIBUTION OF FOREST FIRE MVAR% IN 2050
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RECOMMENDATIONS 

1. Assess risks to individual Mortgage Portfolios
It is important for each lender to understand the extreme weather and climate change physical risks to 
their individual portfolio.  At a minimum this must cover the hazards to which each property is exposed, 
and how these hazards are projected to evolve over time. This should include the specific vulnerability of 
each property or the range of possible vulnerability if design and construction details are not available. 
Borrowers may need support due to the risk of unaffordable insurance cover, default and negative equity. 

2. Require comprehensive insurance coverage for High-Risk properties
The immediate risk to the lender is that a property that is damaged or destroyed by an extreme weather 
event does not have adequate insurance to cover the cost of the rebuild or repair. Therefore,
a) Establish actual vulnerability with on-site survey to determine the design and construction attributes.
b) Establish the hazards and quantum of property insurance coverage in zones of high hazard exposure.
c) Require that each borrower with a high-risk property provide the bank with certificate of currency of 

the policy with the identified cover and inclusions.

3. Screen Incoming Mortgages as the Point of Sale 
The simplest way to reduce physical climate risks within the lending portfolio is to avoid writing new 
mortgages on high-risk properties unless resilience works are undertaken.  It is therefore highly 
recommended that lenders implement Point-Of-Sale screening systems. Lenders should ensure the 
design standards for properties being considered for mortgages are appropriate for the present and 
future location-specific hazards.  Where properties fall short either (a) more information may be needed 
to verify resilience or (b) adaptation strategies to ensure the building becomes fit for purpose 

4. Be proactive with building resilience in the portfolio rather than relying on insurers or government.
Every year insurers are able to change their position with regard to included hazards, premiums and 
geographical coverage, so there is no long-term commitment over the life of a mortgage as there is for a 
mortgage lender.  Government insurance schemes and commitments of building protective infrastructure 
like river levies and sea-walls fall prey to political winds.   As a result, mortgage lenders cannot presume 
to rely on insurers or governments to implement development or financial mechanisms to drive 

adaptions, or to prevent risky properties from being built or sold.  It is therefore imperative that lenders 
acknowledge they are more exposed than other financial sector actors and be prepared to protect their 
own position and drive adaptation with their customers.

5. Develop climate-ready products and policies 
To safely write new mortgages for an incoming high-risk property means finding a way to make that 
property low risk.  In many situations actions can be taken at a property level to make the property 
resilient to the location-specific hazards. While these actions will have associated costs, these costs 
could be met via ‘mortgage-extension’ products provided by the lender. These should be seen as 
necessary investment that will immediately increase the value of the property, ensure the property is 
insurable at low cost for the life of the mortgage and therefore protect the bank against climate driven 
serviceability pressures, default risk and negative equity.  Lenders might also wish to establish public 
policy recommendations that promote government grants and relocation programs to drive local 
adaptation and support homeowners in high-risk locations. 

6. Test Adaptation Strategies
The impact of different internal and external (e.g.: planning) policies can be tested to see their effect on 
the climate risk position of the lender over time.  This can be informed by churn rates, point-of-sale 
screening rules and geographical distributions.  In general, this information will be useful for investors to 
understand not just the lenders current position with regard to climate change risks, but if and how the 
lender intends to achieve a target risk posture for climate change impacts.

7. Prepare for Shareholder and RMBS Scrutiny under TCFD
Investors themselves are being asked by the market to disclose their climate risk exposure and this 
means they will need to understand the risk profile of their shareholdings and products like Residential 
Mortgage Backed Securities (RMBS).  As such lenders must expect to have this analysis to hand, or
expect the investors to make their own assessments using national or regional data (such as this report).  
Therefore, lenders would be wise to be proactive about risk disclosure and forward-looking risk mitigation 
and management, as ignorance of an issue is perceived as a higher risk than inaction.
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APPENDIX 1 - ANALYTIC METHODOLOGY

METHODS USED FOR ANALYSIS

The results in this report have been generated using purpose-built software
running on an array of high- speed servers provided by Climate Risk Pty Ltd. The
Climate Risk Engines assess climate impacts by placing an archetype at each
address analysed. Using the design specifications and materials typical of a recent
building, the Climate Risk Engines compute the threshold at which its various key
components would fail if exposed to hazards such as flooding, subsidence and
forest fires.
Using this information, the annual probability of damage caused by such events is
calculated by gathering a range of data on forests, soils, floods, elevations, tides,
and waves, then coupling this with long term data from local meteorological
stations. Finally, the future probabilities of damage are calculated by extracting the
changes in the statistical distribution of key parameters such as heat, precipitation,
wind and humidity from global climate change models.

THE CLIMATE RISK ENGINES
The Climate Risk Engines are purpose built to compute hypothetical future risks to
a modelled asset (synthesised with engineering data) that is designed to represent
property and infrastructure. The system enables each such asset to be stress-
tested against a wide range of extreme weather and extreme sea events typical of
its location. A range of future-looking scenarios can be applied that are consistent
with different greenhouse gas emission scenarios, atmospheric sensitivity and
response, adaptation pathways, building standards and planning regimes.
The Climate Risk Engines combine engineering analysis with statistical analysis of
historical weather and climate projections, and probabilistic methods for financial
analysis of risk and value. It’s important to note that these results apply to a
synthetic ‘Representative Asset’ under tested future scenarios. The results cannot
therefore be taken as representations of the actual future risks to, or value of, a real
or planned property or infrastructure asset.

RISK ENVELOPE APPROACH

This analysis uses an IPCC greenhouse gas emission scenario that follows ‘business-as-usual’
(RCP8.5), with climate modelling from a wide range of research institutions used to indicate
the impacts on weather parameters and sea levels.
Models come from a short list of those that are known to perform well across a multitude of
countries. Specific models are selected to ‘stress test’ each hazard - thus a model which tends
to predict a drier future is used to consider drought, and a model which predicts a wetter
future is used to test flood risk. This selection process avoids masking risks or diluting
impacts through averaging an ensemble of models, however results should be interpreted as a
stress- test, not a mean projection.

A REPRESENTATION ASSET
Initially the system creates a synthetic representation of an asset that is based on nominal
industry archetypes, but may include some customisation. This ‘Representative Asset’ could
be selected and tailored to mimic a real asset at the same location – such as a house, road or
phone tower – or be created as an entirely hypothetical asset being placed in that location.

INCLUDED HAZARDS
This analysis covers riverine flooding, surface water flooding, coastal inundation, forest fires,
extreme wind and subsidence of clay soils. It does not include hurricane/cyclone, landslip,
grass fires, hail, coastal erosion, lightening or any other hazards apart from those specifically
identified.

MATHEMATICAL ANALYSIS
The extreme weather and climate risks to an asset will depend on its exposure and
vulnerability to each hazard, as well as the current and future severity and frequency of the
hazard that may alter with climate change.
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APPENDIX 1 - ANALYTIC METHODOLOGY

WEATHER DATA

To establish the precise probability that a hazard will exceed the coping threshold of an
asset or element, information about the driving weather indicators may be needed, for
example the likelihood of flooding is linked to the likelihood of extreme precipitation.
The Climate Risk Engines have access to 100,000 national weather stations around the
world. Internal algorithms are used to select which stations to use when testing an asset
based on proximity, data quality, duration and completeness. In some cases, the Climate
Risk Engines may use a combination of data from more than one station or gridded data
sets made by national meteorological centres.

CLIMATE CHANGE MODELING
Changes in the composition of the atmosphere due to greenhouse gas emissions will
change how the atmosphere and oceans behave. Therefore, the historical weather
station statistics need to be adjusted to allow for climate change.
The Climate Risk Engines have access to a large number of data sets from the Coupled
Model Inter-comparison Project (CMIP) in which participant organisations model the
atmosphere under various Representative Concentration Scenarios (RCP). At a whole-of-
atmosphere scale, the General Circulation Models (GCMs) have a resolution down to
about 100x100km.
With downscaling, Regional Climate Models (RCMs) include local topology and land
surface information to provide weather parameters at higher spatial resolutions.

In the XDI Platform, users can select the GCM/RCM they wish to apply to the analysis of
the Representative Asset. In this Physical Risk Report, the Climate Risk Engines select
by default the most appropriate climate modelling to use based on: the models available
in the region; the ‘skill’ of the model in capturing typical weather behaviour in a certain
region; the range of parameters included or reported; the spatial resolution; and how the
results of the model fit within the ensemble of other models for the region. The CORDEX
set of projections has been used for all assets analysed in this project.

HAZARD EXPOSURE

To understand if the Representative Asset is exposed to a hazard or not,
contextual information about each location is gathered by the Climate Risk
Engines. This may include information about the soils, tree cover, topology,
elevation, flood plains, local tides or waves. Contextual information may even
extend to current or historical national design standards for buildings or
infrastructure.
Data is gathered on these contextual features from national and international
sources selected on the basis of scientific methods used, accuracy, spatial
resolution, completeness and the standing of the institution that has generated the
information. The organisations from which data have been used are set out in the
appendix of this report.

VULNERABILITY ANALYSIS; DAMAGE AND FAILURE THRESHOLDS
Each asset is tested for its ability to withstand the hazards to which it is likely to be
exposed each year. The system tests both failure thresholds and damage
thresholds.
A damage threshold is breached when an asset is affected by a hazard such that it
is broken or excessively weakened. Examples might be flood waters damaging an
electrical control system, or a wind storm blowing the roof off a house.
A failure threshold is breached when an element of the asset prevents the asset
from performing is function. For example, when the roof is blown off in a storm it is
both damaged and it fails to protect its occupants from the weather. However, it is
possible to have failure without damage, for example an electrical control system
that exceeds its operating temperature in a heat wave may stop the asset working,
but there will be no damage (when the temperature drops it will start working
again).
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APPENDIX 2: HAZARD DATA & ASSUMPTIONS

FOREST FIRE

OVERVIEW

Forest fires can destroy buildings and infrastructure through direct flame or intense radiant heat. Assets
considered to be at risk are those under or surrounded by trees, or close enough to trees to be affected by
intense thermal radiation should the forest catch on fire. Grass fires are also a potential risk but are not
covered by XDI’s analysis.

ASSET DATA

The exposure of the elements of an asset (e.g. roof, walls, floor) to a forest-fire are defined within each
asset archetype.

CONTEXTUAL DATA

Context layers used for the forest fire hazard are as follows:
• Global Land Analysis and Discovery’s per pixel estimates of circa 2010 maximum tree canopy cover

percentages (at growing season peak period), derived from composite satellite data
• An economic activity intensity layer, used to moderate fire weather projections based on the

assumption that more urbanised areas face lower overall fire risks as they have better fire prevention
and suppression capabilities.

• An empirical ignition probability model, which is based on analysis of insurance loss data.

BASELINE HAZARD DATA

The driving parameters of forest fire are temperature, humidity, wind speeds and forest-fire prone land. The
Hot-Dry-Windy index (HDW) is an index of fire-weather based on maximum wind speed and vapour
pressure deficit (VPD, the difference between the absolute humidity and the water vapour saturation point
for a given temperature). The forest fire hazard layers in the Climate Risk Engines use forest canopy cover
from satellite data in conjunction with algorithms to account for proximity and surrounded-ness for a
specific location. The baseline annual probability of ignition draws upon empirical data on annual average
forest fire extents, as well as on typical natural and human caused ignition rates.

CLIMATE CHANGE PROJECTIONS

Gridded projections for future epochs, based on GCM/RCMs from CORDEX are used to project the changes
to the key inputs for the HDW index.

RIVERINE FLOODING

OVERVIEW

XDI computes fluvial flooding - also known as riverine flooding as opposed to sea water or surface level
flooding.

ASSET DATA

The vulnerability of an asset to flooding is based on the elements present in each archetype, the relative
elevations of each exposed element, and the assumed behaviour of the materials used in that element
when exposed to water. Most critical is the elevation of the Civil element (e.g. floor heights), as empirical
data shows a sharp increase in loss once water breaches the normal floor level. XDI can adjust elevations
for individual assets (to override that of the archetype), or for sensitivity testing and adaptation planning.

CONTEXTUAL DATA

Flood maps used in the Climate Risk Engine analysis contain water depths and flood extents for each of a
number of flood events characterised by Return Periods (RPs - such as 1 in 100, 1 in 20 and 1 in 50). The
Climate Risk Engines use flood data from multiple sources, including various commercial providers, as well
as regionally specific flood data. In general these datasets contain information on water depths for 4-8
different RCPs. The Climate Risk Engines interpolate between these layers to estimate the return probability
for a flood that would breach the asset floor height (and in some cases specific element heights). This
return period is then used as a threshold for the climate projection risk estimates.

BASELINE HAZARD DATA

To consider changes to the probability of flooding due to climate change, projected changes to
precipitation must be examined. For historical data, annual maximum 24-hour precipitation weather
station data for the 30 years pre-2000 is used. Only data sets with at least 20 years of data are considered
to have sufficient statistical depth. Regionalisation, which is the process of combining distant data sets to
create longer time series for a given location, is not applied.

CLIMATE CHANGE PROJECTIONS

Climate change impacts on precipitation and flooding are computed through the locally downscaled
modelling of future precipitation changes (using CORDEX GCMs/RCMs). A commonly used approximation
for calculating increased flood risk is the application of a 5% increase in precipitation intensity for each
degree rise in global mean temperature (Ball et al 2016). This factor can be applied to modelled or
measured Intensity-Duraction -Frequency curves for any given location.
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SURFACE WATER FLOODING

OVERVIEW

XDI computes pluvial flooding - also known as surface water flooding as opposed to sea water or riverine flooding.

ASSET DATA

The vulnerability of an asset to flooding is based on the elements present in each archetype, the relative elevations of
each exposed element, and the assumed behaviour of the materials used in that element when exposed to water. Most
critical is the elevation of the Civil element (e.g. floor heights), as empirical data shows a sharp increase in loss once
water breaches the normal floor level. XDI can adjust elevations for individual assets (to override that of the archetype),
or for sensitivity testing and adaptation planning.

CONTEXTUAL DATA

Flood maps used in the Climate Risk Engine analysis contain water depths and flood extents for each of a number of
flood events characterised by Return Periods (RPs - such as 1 in 100, 1 in 20 and 1 in 50). The Climate Risk Engines use
flood data from multiple sources, including various commercial providers, as well as regionally specific flood data. In
general these datasets contain information on water depths for 4-8 different RCPs. The Climate Risk engines interpolate
between these layers to estimate the return probability for a flood that would breach the asset floor height (and in some
cases specific element heights). This return period is then used as a threshold for the climate projection risk estimates.

BASELINE HAZARD DATA

To consider changes to the probability of flooding due to climate change, projected changes to precipitation must be
examined. For historical data, annual maximum 24-hour precipitation weather station data for the 30 years pre-2000 is
used. Only data sets with at least 20 years of data are considered to have sufficient statistical depth. Regionalisation,
which is the process of combining distant data sets to create longer time series for a given location, is not applied.

CLIMATE CHANGE PROJECTIONS

Climate change impacts on precipitation and flooding are computed through the locally downscaled modelling of future
precipitation changes (using CORDEX GCMs/RCMs). A commonly used approximation for calculating increased flood
risk is the application of a 5% increase in precipitation intensity for each degree rise in global mean temperature (Ball et
al 2016). This factor can be applied to modelled or measured Intensity-Duration-Frequency (IF) curves for any given
location.

APPENDIX 2: CONT

SOIL SUBSIDENCE

OVERVIEW

Low soil moisture within reactive clay soils is a trigger for major soil movement and cracking, as the process of lower 
level suction leads to clay soils drawing moisture away from the surface soils during drought.  Shrinking and subsequent 
swelling can lead to extensive asset damage if the asset’s foundations move. Buildings on light strip footings or 
unstiffened slabs are particularly vulnerable to soil movement.

ASSET DATA

The vulnerability of assets to severe soil movement is associated with the design of foundations, and less so with the 
type of materials used.  Foundations can be designed to cope with soil movements and such designs are captured at the 
archetype level.  For foundations vulnerable to soil movement, an empirical probability of damage is assigned to the civil 
elements. 

CONTEXTUAL DATA

Assets are initially checked to test for the types of soils upon which they are located, and thereby the level of exposure to
soil movement.  XDI System’s analysis uses soil clay percentage (at 30 cm depth) data.

BASELINE HAZARD DATA

For the soil movement due to drought hazard, XDI assumes ‘drought’ to equate to ‘serious rainfall deficiency’, defined as 
the circumstance in which annual total rainfall is in the lowest decile (that is lowest 10%) of records for the local region..  
The probability of droughts occurring at an asset’s location is based on interrogation of data from the nearest historical 
weather stations and rain gauges. The annual precipitation data is extracted, and the rainfall consistent with the lowest 
10% of annual precipitation is analysed.  This provides a base probability for drought conditions that may lead to soil 
movement.

CLIMATE CHANGE PROJECTIONS

Soil movement in reactive soil types is correlated with the amount of moisture within the soil. Most changes in soil 
moisture content are caused by seasonal climate variations and precipitation volumes. Downscaled data for ‘drought’ is 
drawn from the GCMs and RCMs.  Generally, XDI selects the drier GCMs/RCMs which also have the highest spatial 
resolution.
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COASTAL INUNDATION

OVERVIEW

Flooding caused by sea-water is referred to as Coastal Inundation. It can be caused by high tides in combination with
elevated water levels driven by winds, low air pressure, waves and the dynamics at the sea-land interface. Over the
course of the century, climate change is projected to result in elevated sea levels, which will increase the frequency and
severity of coastal inundation events.

ASSET DATA

The vulnerability of an asset to coastal inundation is based on the elements present in the asset, the relative elevations
of each exposed element and the behaviour of the materials used in that element when exposed to water. Most critical is
the elevation of the Civil element (e.g. floor heights), as empirical data shows a sharp increase in loss once water
breaches the normal floor level. XDI can adjust elevations for individual assets (to override that of the archetype), or for
sensitivity testing and adaptation planning.

CONTEXTUAL DATA

Coastal inundation levels are referenced relative to the national height datum taken from a range of international digital
elevation models. In more populated areas, where airborne light detection and ranging (LIDAR) surveys have been
conducted, these models typically have a 5X5 m horizontal resolution, and a height resolution of a few centimetres. In
less populated areas, where the source of geospatial data is commonly satellite imagery, the resolution may be 30x30m,
with uncertainty of at least 0.5 m.

BASELINE HAZARD DATA

Seal level data is based on an array of national tidal gauges located around the world. These tide gauges provide a
spectral probability distribution of tide levels, including during extreme sea events, based on empirical measurements.

CLIMATE CHANGE PROJECTIONS

Currently the average global sea level is rising by 3.2 mm per year (NASA, 2017). The IPCC has established a series of
sea level rise projections for different emissions pathways (Church et al 2013) for the scenarios known as RCP 8.5, RCP
6.0, RCP 4.5 and RCP 2.6. These provide the Climate Risk Engines with a nominal ‘likely’ range of 0.28 m to 0.98 m of
sea level rise by 2100 (including 95% confidence bounds). The system includes two projections from a United States
National Oceanic and Atmospheric Administration (NOAA) report (Sweet et al 2017) outlining (less likely but still possible)
'High' (2 m) and 'Extreme' (2.5 m) 2100 average global sea level rise scenarios. XDI System’s analysis also includes an
intermediate projection of 1.5 m by 2100.

APPENDIX 2: CONT

EXTREME WIND

OVERVIEW

Air travelling at high speeds, even in short gusts, can cause direct damage to buildings and infrastructure assets. High
winds can also cause indirect disruption when trees drop limbs onto power lines or debris puts life and property at risk.
General increases in the amount of moisture in the air caused by warming can change convective forces in storms and
the severity of down draughts.

XDI does not currently analyse risks associated with cyclones and convective storms, due to:
• unavailability of the very high-resolution modelling outputs required
• difficulty in making clear statements about changes in cyclone frequency, duration or intensity, as for a individual

given location a cyclone is actually quite a rare event.

ASSET DATA

The wind speed design threshold for each asset is assumed to follow national building code for the year of build or re-
build. Increased design resilience may be applied for dwellings that have been built beyond code requirements to
specific wind speed thresholds or return frequencies. Reduced resilience may be applied based on empirical wind
performance data.

CONTEXTUAL DATA

No context data layers are used for the extreme wind hazard

BASELINE HAZARD DATA

Bias correction for wind damage is disabled by default, as wind data is only very sparsely available at the required record
length and quality. This does not however pose a problem, as the Climate Risk Engines use asset-level probabilistic wind
tolerance thresholds (such as 1:500 year), and calculates the physical wind speed threshold from this probabilistic
threshold over the baseline period. This means that a bias in the wind data will not affect the results, as we are only
looking at the trend in risk relative to the baseline, and the wind tolerance design threshold as specified by the relevant
building code.

CLIMATE CHANGE PROJECTIONS

Climate projections are used to establish baseline wind gust speed for threshold return frequencies and then used to
project how this speed changes over time. The main climate variable used is the 2-10 second wind gust speed or the 1-5
minute maximum wind speed, depending on how the relevant projection was produced.
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APPENDIX 3 - LOCATING XDI ANALYSIS IN TCFD LEADING PRACTICE
SUMMARY TABLE: XDI DELIVERY OF TCFD REPORTING RECOMMENDED PRACTICE

ELEMENTS OF PHYSICAL
RISK ASSESSMENT GUIDANCE AND RECOMMENDATIONS WHAT XDI DELIVERS

HAZARDS Storms, extreme rainfall, extreme heat, heatwave, flood, drought and wildfire, variability in 
precipitation and temperature, water stress, sea- level rise, land degradation (IIGCC 
2020a).
Heat stress, extreme rainfall, drought, cyclones, rising sea levels, wildfire and other 
industry-relevant and/or locally specific climate hazards across the corporate value chain 
(EBRD 2018).

XDI modelling incorporates eight climate hazards: coastal inundation (sea level rise), riverine flooding 
and pluvial flooding (extreme rainfall), extreme heat, wind (storms), soil contraction (effect of drought), 
freeze/thaw (effect of temperature) and forest fire.

TIMEFRAMES Short and medium term: 2020-2040 (IIGCC 2020a, EBRD 2018). For this time frame, the 
EBRD recommends probabilistic risk analysis. 
Longer term: 2040-2100 (IIGCC 2020a, EBRD 2018). For this time frame, the EBRD 
recommends scenario-based analysis. The BOE’s biennial exploratory scenario will model 
2020-2050 but for the “no policy action” scenario, physical impacts in 2050 will represent 
expected physical impacts in 2080 (BOE 2019b).

The analysis is probabilistic from 2020 to 2100 for the “no policy action” climate scenarios  (RCP8.5). 
Results can be presented in different decadal time steps (e.g. 2030, 2050 and 2100) depending on client 
requirements.

SCALE Location (country or city) of key supplier facilities and critical business facilities with 
evaluation of their importance (EBRD 2018).
Asset-level data and assessment with attention to downscaling limitations of models 
(IIGCC 2020a, CISL 2019).

XDI works at address and site level, data is aggregated from suburbs to national as required. Regional 
Climate Models (RCMs) include local topology and land surface information to provide spatial 
resolutions to between 5 and 50km square resolution. Further hazard layer context includes local 
weather data, elevation data, vegetation maps and wind zones with resolutions between 5 and 250 
metres.

SCENARIOS Most guidance for physical risk assessment recommend use of 2°C and 4°C pathways 
(CISL 2019, IIGCC 2020a). Consistent with IIGCC recommendation, the TCFD 2019 Status 
report indicates that RCPs 2.6 and RCP8.5 are commonly being used as best and worst 
case 2°C scenario and 4°C scenarios respectively.

For the purposes of this analysis, XDI have modelled the effects of RCP8.5.

DIRECT AND INDIRECT
PHYSICAL CLIMATE 
IMPACTS

Direct and first-order: damage and loss of real assets, disruption to value chains, supply 
chain costs, lost hours of staff (IIGCC 2020a, EBRD 2018).

Indirect and second-order: Insurance costs, energy costs, regulatory change, legal 
liabilities, market changes, borrowing costs, social license (IIGCC 2020a, EBRD 2018).

Direct and first-order: damage and loss of real assets, lost hours of staff, customer impact.

Indirect and second-order: insurance premiums.
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APPENDIX 3 - LOCATING XDI ANALYSIS IN TCFD LEADING PRACTICE
SUMMARY TABLE: XDI DELIVERY OF TCFD REPORTING RECOMMENDED PRACTICE

ELEMENTS OF PHYSICAL
RISK ASSESSMENT GUIDANCE AND RECOMMENDATIONS WHAT XDI DELIVERS

METRICS AND OUTPUTS Data: Most guidance recommended climate data overlaid with business data, within a 
socio-economic and regulatory context.
Recent and historic impacts: EBRD recommends firms estimate current costs of extreme 
weather events, including days of business interruptions and associated costs, costs of 
repairs or upgrades, fixed-asset impairment, supply chain disruptions and lost revenues.
Average Annual Loss (CISL 2019, BOE 2019b, EBRD 2018).
Number of sites and business lines exposed to relevant climate impacts (EBRD 2019).
Value-at-Risk (EDRB 2018).
Identification of critical thresholds (IIGCC 2020a).

Climate data overlaid with business asset data. Outputs include:
• Average Annual Loss.
• Total Technical Insurance Premium (TTIP),

(total annual cost of damage assuming all hazards are insured)
• Percentage of Maximum-to-Date Value-at-Risk (MVAR%), (TTIP as a percentage of the replacement 

cost of the property).
• Number of High-Risk Properties (HRP#), (property assets where the MVAR is greater than 1%).
• Percentage of High-Risk Properties (HRP%), (HRP# expressed as a percentage of all properties in the 

LGA).

ADAPTATION MEASURES Inclusion of asset-level and broader adaptation options in model (CISL 2019, BOE 2019b, 
IIGCC 2020a) including planned improvements, retrofits, relocations, or other changes to 
facilities.

In some projects, analysis of available adaptation measures at the address and locality scale and how 
they change risk profile.
Evaluation of net risk exposure after adaptation applied.

STRATEGY, POLICY AND 
ADVOCACY 

Supply-chain risk management strategy incl. engagement with suppliers on strategy 
(EBRD 2018).
Engagement with local or national governments and local stakeholders on local climate 
resilience (EBRD 2018).

In some projects, cross dependency analysis identifies shared risk with upstream infrastructure 
including road access, water and power supply.
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END

For any further enquiries, please contact XDI at 
info@xdi.systems or visit https://xdi.systems/

43 Bolton Street, Newcastle NSW 2300
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