| energy
technologies

institute

Programme Area: Nuclear
Project: Natural Hazards Phase 3

Title: Volume 4: Extreme Precipitation

Abstract:

This technical volume addresses:

* Introduction

* Description of the main phenomena; key influences on UK weather and climate, UK rainfall mechanisms and
extremes, potential interactions with other natural hazards

» Observations, measurements techniques and modelling tools

* Methodologies

* Related phenomena including snow, snowpack and avalanches, ice, impacts of extreme snowfall and ice on the
energy sector, humidity, fog and mist, impacts of humidity and fog on the energy sector

* Regulation

* Emerging trends

Context:

The Natural Hazards Review project will develop a framework and best practice approach to characterise natural
hazards and seek to improve methodologies where current approaches are inefficient. This is to improve energy
system infrastructure design and the project is intended to share knowledge of natural hazards across sectors. The
project will be completed in three stages. Phase one will focus on a gap analysis. Phase two will look at developing a
series of improved methodologies from the gaps identified in phase one, and phase three will demonstrate how to
apply these methodologies. Finally, phase 3 will develop a “how to” guide for use by project engineers.

Disclaimer: The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for
Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed ‘as is’
and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information to the
maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and shall not be
liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any direct, indirect,
special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated profits, and lost
business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding any statement to the
contrary contained on the face of this document, the Energy Technologies Institute confirms that it has the right to publish this document.



Enabling Resilient UK Energy Infrastructure:
Natural Hozard Characterisation Technical Volumes
and Case Studies

Volume 4: | }\
Extreme
Precipitation

~‘~ ) 9/ / ‘ ADVANGING Institution of M
A ) energy  |("homE & = Met Office M

@DF technologies WORLBWIDE MOTT

\ institute MACDONALD
ENERGY




Volume 4: Extreme Precipitation

Legal Statement

© Energy Technologies Institute LLP (except where and fo the extent expressly stated otherwise|

This document has been prepared for the Energy Technologies Institute LLP (ETI) by EDF Energy R&D
UK Centre Limited, the Met Office, and Mott MacDonald Limited.

This document is provided for general information only. It is not infended fo amount to advice on
which you should rely. You must obtain professional or specialist advice before taking, or refraining
from, any action on the basis of the content of this document.

This document should not be relied upon by any other party or used for any other purpose.

EDF Energy R&D UK Centre Limited, the Met Office, Mott MacDonald Limited and (for the avoidance
of doubt) ETI (We] make no representations and give no warranties or guarantees, whether express
or implied, that the content of this document is accurate, complete, up to date, or fit for any particular
purpose. VWe accept no responsibility for the consequences of this document being relied upon by
you, any other parly, or being used for any purpose, or confaining any error or omission.

Except for death or personal injury caused by our negligence or any other liability which may not
be excluded by applicable law, We will not be liable for any loss or damage, whether in confract,
fort (including negligence), breach of statutory duty, or otherwise, even if foreseeable, arising under
or in connection with use of or reliance on any content of this document.

Any Met Office preexisting rights in the document are protected by Crown Copyright and all
other rights are profected by copyright vested in the Energy Technologies Institute, the Institution of
Chemical Engineers and the Institution of Mechanical Engineers. The Met Office aims to ensure
that its content is accurate and consistent with its best current scientific understanding. However, the
science which underlies meteorological forecasts and climate projections is constantly evolving.
Therefore, any element of its confent which involves a forecast or a prediction should be regarded
as the Met Office’s best possible guidance, but should not be relied upon as if it were a statement
of fact.

(Statements, above, containing references to “We" or “our” shall apply to EDF Energy R&D UK
Centre Limited, the Met Office, Mott MacDonald Limited and ETI both individually and jointly.)

Authors: Francis Colledge, Kate Salmon, Kate Brown (Met Office); Tony Hull (Mott MacDonald)
Chief Technical Officer: Hugo Winter (EDF Energy)

Version Date Details

0.1 05/03/18 Submitted for IPR

0.2 23/03/18 IPR comments addressed and submitted to CTO

1.0 17/04/18 CTO comments addressed and submitted to ETI

2.0 26/06/18 ETl and NHP3 Steering Committlee comments addressed




Preface

| e
2
J—

(=
=

(=1
'O

D

L
(=18

(<b)

=

D

P =
—

>
Ll
~

)
=
=
O
>

This  document forms part of the Energy Technologies Institute (ETI) project ‘'low Carbon
Flectricity Generation Technologies: Review of Natural Hazards', funded by the ETl and led in
delivery by the EDF Energy R&D UK Cenire. The aim of the project has been to develop a consisfent
methodology for the characterisation of natural hazards, and fo produce a high-quality peerreviewed
sef of documents suitable for use across the energy indusiry fo befter understand the impact that
natural hazards may have on new and existing infrastructure. This work is seen as vital given the
drive fo build new energy infrastruciure and extend the life of current assets against the backdrop
of increased exposure to a variely of natural hazards and the potential impact that climate change may

have on the magnitude and frequency of these hazards.

The first edition of Enabling Resilient UK Energy Infrastructure:  Natural Hazard ~ Characterisation
Jechnical Volumes and Case Studies has been funded by the ETI and authored by EDF Energy
R&D UK Centre, with the Met Office and Mott MacDonald Limited. The ETI was active from 2007
to 2019, but fo make the project outputs availoble tfo indusiry, organisations and individuals,
the ETI has provided a licence to the Institution of Mechanical Engineers and Institution of Chemical Engineers
to exploit the intellectual property. This enables these organisations fo make these documents available and also

update them as deemed appropriate.

The technical volumes outline the latest science in the field of natural hazard characterisation
and are supported by case sfudies that illusirate how these approaches can be used fo better understand
the risks posed to UK infrastructure projects. The documents presented are split info a sef of eleven fechnical

volumes and five case studies.

Fach fechnical volume aims fo provide an overview of the latest science available fo characterise the natural
hazard under consideration within the specific volume. This includes o description of the phenomena
related fo a natural hazard, the data and methodologies that can be used to characterise the hazard,
the regulatory context and emerging frends. These documents are aimed at the technical enduser
with some prior knowledge of natural hazards and their pofential impacts on infrastructure,
who wishes to know more about the natural hazards and the methods that lie behind the
values that are offen quoted in guideline and sfandards documents. The volumes are not infended
fo be exhaustive and it is acknowledged that other approaches may be available to characterise a
hazard. It has also not been the intention of the project fo produce a set of sfandard engineering
‘quidelines’ [i.e. a stepbystep 'how to' guide for each hazard) since the specific hazards and levels
of interest will vary widely depending on the infrastructure being built and where it is being built.
For any energyelated projects affected by natural hazards, it is recommended that additional site-

and infrastructure-specific analyses be undertaken by professionals. However, the approaches outlined
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aim fo provide a summary of methods available for each hazard across the energy industry.
General advice on regulation and emerging frends are provided for each hazard as context, but
again it is advised that end-users invesfigate in further defail for the latest developments relating to the

hazard, fechnology, project and site of inferest.

The case studies aim o illustrate how the approaches outlined in the technical volumes could be applied
at a sife to characterise a specific sef of natural hazards. These documents are aimed at the less fechnical
enduser who wants an illustration of the facfors that need fo be accounted for when characterising
natural hazards af a site where there is new or existing infrastructure. The case sfudies have been chosen
fo illustrate several different locations around the UK with different types of site (e.g. offshore, onshore coastal
site, onshore river site, efc.). Each of the natural hazards developed in the volumes has been illustrated
for at least one of the case study locations. For the sake of expediency, only a small subset of all hazards
has been illustrated at each site. However, it is noted that each case study site would require additional
analysis for other natural hazards. Each case study should be seen as illusirative of the methods
outlined in the technical volumes aond the values derived at any site should not be directly
used fo provide site-specific values for any type of safety analysis. It is a project recommendation that
detailed site-specific analysis should be undertaken by professionals when analysing the safety and
operational performance of new or existing infrastructure. The case studies seek only to provide engineers and

end-users with a better understanding of this type of analysis.

Whilst the requirements of specific legislation for a sub-sector of energy industry (e.g. nuclear, offshore) will
toke precedence, as outlined above, a more rounded understanding of hazard characterisation can be
achieved by looking af the information provided in the technical volumes and case studies together. For the
less technical end-user this may involve sfarfing with a case study and then moving to the technical
volume for additional detail, whereas the more technical end-user may jump straight fo the volume and then
crossteference with the case study for an illustration of how to apply these methodologies at a specific

sife. The documents have been designed to fit fogether in either way and the choice is up fo the end-user.

The documents should be referenced in the following way [examples given for a technical volume and case

studly):

ETI. 2018. £nabling Resilient UK Energy Infrastructure: Natural Hazard Characterisation Technical Volumes
and Case Studies, Volume 1 — Introduction to the Technical Volumes and Case Studies. IMechE, IChemE.

ETI. 2018. £nabling Resilient UK Energy Infrastructure: Natural Hazard Characterisation Technical Volumes
and Case Studlies, Case Study 1 — Trawsfynydd. IMechE, IChemE.
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Meteorologists use the ferm ‘precipitation’ fo mean rain, snow, sleet or hail that falls to or
condenses on the ground, and the term ‘rainfall’ as the liquid water equivalent of any type
of precipifation, expressed as a depth in millimefres. There is no specific definition of what
constitutes ‘extreme’ rainfall within the UK, either in the energy sector or meteorological
community. Instead, the definition of rare and exireme events depends on the particular part of
the energy sector being considered, as well as the physical location. Rainfall intensity differs
from location to location and season to season, and the potential impacts of differing rainfall
amounts over different time periods will differ across the energy sector. The definition of an
exireme event for the energy sector and ifs given threshold will differ depending on the
vulnerability and exposure of the asset. For example it would be expected that the robustness of
a hydropower dam would have very different extreme rainfall thresholds compared to the

energy utilities transmission network.

A rainfall event is considered to be extreme when it relates to one of these two contexts (WMO,
2015):

* When a rainfall event exceeds a certain threshold that has a cerfain impact, for
example the joint Met Office/Environment Agency Flood Forecasting Centre
use an accumulation threshold of 30 mm per hour as guidance to indicate flash
flooding criteria (Kendon, 2014, or

* A rainfall event is considered to be extreme due fo its rarity. The rarity of occurrence
fends fo take the form of upper Q0" 95" and 99" percentile. These percentile-based
thresholds are usually derived from a statistical cumulative density function or some
exireme value distribution. The percentile-based approach for exireme levels allows

users fo define a very rare event, e.g. the 99" percentile.

Pluvial (surface water), fluvial (river) and groundwater flooding events caused by extreme
rainfall give rise to serious impacts on life and infrastructure. River flooding occurs as a result of
water overflowing from river channels and pluvial flooding occurs when natural and man-made
drainage systems cannot deal with the volume of rainfall. The latter is particularly hazardous
in urban environments as sudden and intense rainfall cannot drain away easily (Pitf, 2008).
Groundwater flooding lasts longer relative to pluvial or fluvial flooding and is defined by the
emergence of groundwater at the ground surface away from perennial river channels, or the
rising of groundwater info man-made ground under conditions where the ‘normal’ range of
groundwater levels and groundwater flow is exceeded (BGS, 2018). Groundwater flooding is

likely to affect low-lying areas, basements, buried services or assets stored below ground level
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(BGS, 2018). Flooding events are offen outcomes of four main contributory factors (Collier et
al., 2002):

* infensity of precipitation;

* duration of precipitation;

e the wetness of the ground; and

e the response of the rainfall catchment.

Infensity and duration of precipitation are meteorological contributors, whilst the other two are
hydrological. This guide concentrates on the meteorological factors — intensity and duration of
precipitation. Each part of the energy sector will have different application purposes and will
select a relevant durafion of rainfall. In mefeorology, common duration periods include 1, 3, 6,

12, 24 and 48 hours. If observation data exist, sub-hourly durations may be analysed.

A ‘wet spell is commonly used fo describe ‘a period of a number of consecutive days in
which precipitation exceeding a specific minimum amount has occurred” (WMO-182). For
example, in November 2009 heavy rainfall and flooding occurred in the Lake District,
Cumbria, where some areas of high ground received more than 400 mm of rainfall in a
7 2-hour period (Met Office, 2012), and Seathwaite, Cumbria, recorded the highest UK 4-day
rainfall total of 495 mm.

Tables 1 to 3 provide a list of the most extreme rainfall events that have occurred within the UK,
both geographically and temporally. The highest 24-hour rainfall fofals on record for countries
within the UK are shown in Table 1. In the UK, daily rainfall fofals are defined as any rainfall
observed between 09:00 to 09:00 Greenwich Mean Time (GMT) on the next consecutive
day. Whereas the 24-hour rainfall amount relates to any 24-hour period of rainfall in hourly
denominations, 00:00 to 00:00 GMT. The highest 24-hour total recorded for any 24-hour
period in the UK is 341.4 mm from 18:00 GMT on 4" December to 18:00 GMT on 5*
December 2015 at Honister Pass, Cumbria. The UK rainfall records for consecutive rainfall
days [09:00 to 09:00 GMT| are shown in Table 2. The UK rainfall records for short durafions
are shown in Table 3. These tables show the national weather records and are only for stafions

with standard instruments and exposure. Rain gauges and their setup are discussed in Section

3.2.
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Table 1. Highest 24-hour rainfall totals for a rainfall day (09:00 to 09:00 GMT) on record in countries of the UK. (Source:
Met Office (2018a); © Crown copyright Met Office 2018)

Martinstown
h
England 279 18" July 1955 Dorsel]
Slow Main Adit
h
Scotland 238 17" January 1974 Argyll & Bute]
Lluest Wen Reservoir
h
Wales 211 11" November 1929 Mid Glamorgan]
Northern Ireland 159 31¢ October 1968 Tollymore Forest
(County Down]

Table 2.UK rainfall records for consecutive rainfall days (09:00 to 09:00 GMT). (Source: Met Office (2018a); © Crown
copyright Met Office 2018)

Highest 2-day total 405.0 4" to 5" December 2015 Thirlmere (Cumbrial)

Highest 3-day total 456.4 17110 19" November 2009 = Seathwaite (Cumbrial
Highest 4-day total 495.0 16" to 19" November 2009 | Seathwaite (Cumbria)
Highest monthly total 1396.4 19 to 31¢ December 2015 Crib Goch (Snowdon)

Table 3. UK rainfall records for short durations. (Source: Met Office (2018a); © Crown copyright Met Office 2018)

. . | Preston
Highest 5-min total 32 10" August 1893 (Lancashire]
Eskdalemuir
. . . h
Highest 30-min total 80 26" June 1953 Dmfiies & Celloway]
. , Maidenhead
Highest 60-min fofal Q2 12 July 1901 Berkshire]
Highest 90-min total 117 8" August 1967 Dunsop Yo||ey
(Lancashire)
. : Walshaw Dean lodge
- h
Highest 120-min fofal 193 19" May 1989 (West Yorkshire)
. . Hewenden Reservoir
! h
Highest 120-min fofal = 155 111 June 1956 (West Yorkshire]
A : Hampstead
- th
Highest 155-min fotal | 169 14" August 1975 (Greater London]
Highest 180-min total = 178 7" October 1960 Homessite

(Lincolnshire)
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Extreme rainfall events can lead to river (fluvial] and surface (pluvial) water flooding. The
UK Climate Change Risk Assessment (CCRA) 2017 identifies these as potential risks to UK
infrastructure. It is the infensity, or prolonged nature of rainfall, which can lead to an in-
crease in the risk of flooding. Examples of flooding impacts on the energy sector were
documented in Pitt 2008. In May, June and July 2007 unprecedented levels of rainfall
were recorded which led to severe flooding across England and Wales. The exceptionally
heavy rainfall on 19" 1o 20" July resulted in electricity transmission and distribution
networks being affected by flooding, where 40,000 customers in Gloucestershire were cut
off for up to 24 hours and 9000 cusfomers were on rota disconnection for several days in
south Yorkshire and Humberside. There were also several near misses, e.g. temporary defences
were raised at Walham electricity substation protecting power supply to 500,000 people in
Gloucestershire and South Wales. These near misses raised the profile of the vulnerability of
infrastructure assets; this included the potentially catastrophic near miss near Rotherham af the
Ulley Reservoir. The dam was at high risk of breaching after heavy rainfall on 24" to 25" June,

potentially putting lives in danger, as well as infrastructure assets including the M1 motorway.

For energy utilities there are broadly two main types of costs as a result of flooding: direct costs
incurred by flooding of assets; and welfare costs to customers as a result of service disruption.
In the flooding events of winter 2013,/2014, it is estimated that power outages cost customers
between £580,000 and £970,000 (EA, 2018). Estimated damages to energy infrastructure
during the 2013 to 2014 winter floods are in the order of £44,000 to £54,000. This estimate
was based on information from a single power company, however consultation with energy

companies suggested that costs were similarly small.

Extreme rainfall and flooding can also have indirect impacts on the energy sector. Flooding
will also affect other infrastructure not necessarily owned or maintained by the energy sector,
e.g. access roads, which can affect safe access by key personnel and the ongoing operability

of an asset.
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2.1 Key influences on UK weather and climate
The UK lies at latitudes of approximately 50 to 60°N, which means that it can be influenced by
air masses originating from a variety of locations (Figure 1). The weather experienced by the

UK essentially depends on which air mass is dominant at a particular time.

From: Arctic
Wet, cold air brings
snow in winter.

From: Greenland / Arctic Sea
Wet, cold air brings cold
showery weather.

From: Central Europe
Hot air brings dry s
Cold air bring

From: Greenland / Arctic
via North Atlantic
Moist, mild and unstable air bringing
cloud and rain showers.

om: Atlantic From: North Africa
Warm, moist air brings cloud, rain and mild weather. Hot, dry air brings hot weather in summer.

Figure 1. Air masses affecting the UK and their likely impacts in particular seasons. (@ Crown Copyright Met Office 2018)

More generally, the natural variability of the global climate is influenced by large-scale climatic
factors called modes of variability*. The inferaction of these modes of variability with one
another causes many complex feedbacks, leading to cycles of natural variation in our climate
that operate over many fimescales, extending even fo multiple decades. Two of these
naturally-occurring, lowfrequency quasi-oscillations are the El Nifio Southern Oscillation
(ENSO), a coupled ocean-atmosphere variation in the Pacific Ocean region, usually described
as a sea surface temperature anomaly by the Oceanic Nifio index in the central Pacific Nifio
3.4 region, and the North Atlantic Oscillation (NAQ), a pattern of pressure variability over
the North Atlantic, usually described as a pressure difference between the pressure over Iceland
(usually low) and the pressure over the Azores (usually high). The NAO influences the winter
climate of the UK in particular. It moves between positive and negative phases (Figure 2). In the
positive phase, the Iceland/Azores pressure difference is larger, and this is usually associated
with stormier, milder and wetter winters due fo an infensified jef stream bringing westerly flow

across the UK. In the negative phase, the pressure difference is smaller or reversed, and this is

*All technical terms marked in blue can be found in the Glossary section.
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usually associated with calmer, colder and drier winters, due to a weaker and more disrupted

jet stream which may allow flow from other directions to dominate.

Positive NAO phase Negative NAO phase

In this scenario, mild, stormy and wet winter
conditions are more likely in northern Europe
and eastern US.

In this scenario, Europe and eastern US
are more likely to experience cold, calm
and dry winters.

Warm &
less

ice

Warm

& L
4

Cold & %b’

M &
WET] ; ; snowy Warm
dry ‘ R
- alowet

4

Figure 2. The NAO in its positive (left] and negative (right) phases, showing the influence on the winter climate of the
North Atlantic region. (© Crown Copyright Met Office 2018)

2.2 UK rainfall mechanisms and extremes
As defined by the Met Office (Met Office, 2018b), there are three main rainfall mechanisms
in the UK:

Frontal rain

Frontal rain occurs when two air masses meet. VWhen a warm air mass meets a cold air mass,
the warm, less dense air is pushed up over the cold dense air creating the ‘front’. As the warm,
less dense air rises it cools, and the water vapour condenses info very small water droplets
which are very light. The droplets in the cloud collide and in time some grow larger and start to
fall. As they coalesce with more droplets they fall faster and eventually fall as raindrops fo the

Farth's surface. This type of rain can occur anywhere in the UK.

Orographic rain
Orographic rain is rainfall produced as a result of clouds formed from the topography — or
shape — of the land. Where there is high ground, moist air is forced upwards and cools and,

as with frontal rain, it produces cloud and potentially precipitation. Mountainous areas that are




to the west of the UK are more likely to experience this type of rainfall as the UK's prevailing
wind direction is from the west. The geography of the UK means that this type of rainfall is
most common in the north and west of the UK where warm, moist air from the Atlantic cools
as it is forced upwards over high alfitudes. Orographic effects can give rise to several days of

persistent rainfall, leading to substantial accumulations.

Convective rain

Convective rain is produced by convective clouds. Convective clouds are those that form as a
result of atmospheric thermal instability. One way that the atmosphere can become unstable is by
heating from the sun. The ground warms up, causing both the moisture in the ground to evaporate
and rise, and the air above the ground to warm. As the water vapour rises, it cools and condenses
into clouds and eventually rain. If the clouds are able to develop strongly in the vertical direction,
they may give rise to locally heavy rain, exceeding several tens of millimetres per hour. This type

of rainfall is most common in the south and east of the UK, where it is typically warmer.

The list of rainfall mechanisms is not exhaustive; these are predominately the three rainfall types
experienced in the UK. Extreme rainfall and associated hazards such as flooding events are
normally caused either by prolonged orographically-enhanced rainfall, infense convective

rainfall or a combination of all three rainfall types.

As can be seen in Figure 3, rainfall amounts vary per season as well as geographically. The
rainfall maps in Figure 3 are spatially and seasonally (spring — top left, summer — top right,
autumn — bottom left, winter — bottom right) averaged across the UK. The ‘wettest’ rainfall
seasons on average are autumn and winter. The wettest parts of the UK are concentrated in
the more hilly and mountainous regions: Dartmoor, Wales, the Lake District, the Pennines and
the Scottish Highlands. The maps also show a clear divide between the north-west and south
east of the UK. The prevailing warm, moist, westerly winds mean that the west of the UK is
likely to receive more rainfall from Atlantic weather systems in the form of previously described
frontal rain. The mountains of the northern and western parts of the UK act fo
orographically enhance fronfal rainfall and this mechanism led to the highest recorded UK
4-day rainfall total of 495 mm at Seathwaite, Cumbria and the flooding at Cockermouth
in November 2009. Convective rainfall predominately occurs in the south and east of
the UK. The largest rainfall showers or thunderstorms typically take place from April to
October, as convection is constrained by a lack of surfoce heating during the winter

months. The convective rainfall events are averaged spatially and seasonally in Figure 3.



Spring Average ol Summer Average

Rainfall Amount . : 4 Rainfall Amount . :
bl 1981-2010 bl 1981-2010

Average Value (mm) Average Value (mm)

I > 800 I > 800

I 600 to 800 I 600 to 800

[ 500 to 600 [ 500 to 600
400 to 500 400 to 500
300 to 400 1 300 to 400

B 20016 250 i 20010 220

I 150 to 200 I 150 to 200

I <150 B <150

% Sl ,i‘?“yx@
= =
e L.
b X,
4
7
g e b
e o
St of e of
F %
;:»"’ e ‘i"g_i;,_.n‘?”
S S
© Crowm copyright © Crovm copyright
W~— Rainfall Amount . W ~— Rainfall Amount :
= =
Autumn Average g 2 Winter Average C s 2
haklld 1981-2010 ' hakild 1981-2010 '

Average Value (mm) Average Value (mm)

I > 800 I > 500
- o0t 600 = S0t 600
400 to 500 400 to 500
300 to 400 1 300 to 400
B 20016 250 i 20015 250
I 150 to 200 I 150 to 200
Hl < 150 I < 150

- B
=1 <~
A A
7 s
et et
ol ol
e Ao
A e
2 e % W
E3
® Crovm copyright © Crovm copyright

Figure 3. Maps of seasonal rainfall averages for the period 1981 to 2010, for spring (top left], summer (top right), autumn
(bottom left) and winter (bottom right). Source: National Climate Information Centre. (© Crown Copyright Met Office
2018)



2.3 Potential interactions with other natural hazards

Potential interactions of extreme rainfall with other natural hazards, and how they may affect the

energy sector in terms of infrastructure and operations, are considered:

For the energy ufilities” fransmission and distribution networks the combination of rain,
strong winds and lighining can have a significant impact on overhead lines, potentially
causing disruption to power supplies.

UK estuaries are at risk from a combination of flooding including the interactions of
surge, waves, fides and rivers that could have a direct impact on energy infrastructure
and operations across the UK, e.g. nuclear power stations. The Combination Hazard
of Extreme rainfall, storm Surge & high Tide on estuarine infrastructure (CHEST)
project (NERC, 2018) is assessing the management of combined riversurge-wave-dide
flooding in UK estuaries, especially in light of sea-level rise and changing climates.
Extreme rainfall events can be triggers for landslides that involve the movement of a
mass of soil and/or rock down a slope. This can have implications for infrastructure
in regions susceptible to landslides.

Extreme rainfall events can also trigger groundwater flooding which can occur before
water levels reach the ground surface, causing flooding of basements, buried
services, e.g. fransport links and underground installations, and assets below ground
level (BGS, 2018). The areas most af risk from this are unconfined major aquifers,
shallow unconsolidated sedimentary aquifers and groundwater rebound in urban
centres (BGS, 2018).

Extreme rainfall and freezing temperatures can cause freezing rain and ice build-ups.
large build-ups of ice from freezing rain can bring down major power fransmission
lines, leaving wide areas without electricity. Freezing rain can also affect the

operability and efficiency of wind turbines.

For further information about hazard combinations please refer to Volume 12 — Hazard

Combinations.



3. Observations, measurement techniques and mode

{
=
[—

=
5=

(=18
‘o

(«b)

S
[ = T

(«b)

=

(«b)
—

><
L]
~t

()
&
=
O
S

3.1 Types of data available for rainfall hazard characterisation

A non-exhaustive list of rainfall datasets (both commercially and publicly available) is provided

in Table 4. The main types of data that may be useful for the characterisation of extreme rainfall

by the methods described in this section are:

e Observations — Section 3.2 describes how rainfall is measured at Met Office
mefeorological observing stations and Section 3.3 describes how the Met Office UK
Radar network measures rainfall. These dafa may be:
® point observations, i.e. values observed at a particular location;

e gridded observations, i.e. derived from point observations by interpolating them
onfo a grid; or

® obtained by combining observations from different sources, e.g. point observations
and radar for rainfall dafa.

* Modelled data, including:

* reanalysis data, derived via a fechnique that combines observations with numerical
weather model runs fo provide estimates of all locations within the UK (Section
3.4.1); and

® projections of future climate, created using climate models (Section 3.4.2).
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Table 4. Non-exhaustive list of rainfall datasets.
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3. Observations, measurement techniques and mode

Volume 4: Extreme Precipitation

3.2 Observing rainfall
By convention, all meteorological observing stations that record daily rainfall measure it over
the period 09:00 to 09:00 GMT. Tipping bucket rain gauges also record rainfall at shorfer

durations at a number of locations across the UK.

Observations of rainfall from Met Office observing sites are mostly automated using the tipping
bucket rain gauge as shown in Figure 4. Rain collected by a funnel is channelled into a small
bucket. When full, the bucket tips registering a fall of 0.2 mm of rain. Rainfall amount in mm is

normally reported over periods of 1, 12 or 24 hours.

Figure 4. A tipping bucket rain gauge. (© Crown Copyright Met Office 2018)

The sites of rain gauge sfations are selected fo ensure observations are as representative as
possible of the wider area around the station, and not unduly influenced by local effects. Ideally,
the design and exposure of the rain gauge should prevent loss by evaporation and by the effects
of wind either driving rain into or away from the funnel, and splashing from the ground or nearby

objects info the funnel.































































































































