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1
1.1

Administrative Details
About
• The first “Workshop on Extremal Trends in Weather” will take place from Monday,
29th April (15:30am) – Wednesday, 1st March 2019 (13:30pm) at Gregynog Hall, in
the Welsh countryside.
• The most hazardous weather events are by nature rare and one of the greatest challenges for climate researchers is the societal request for information about changes
to the frequency and magnitudes of extreme events and consequential risks to communities and the environment in decades to come.
In this meeting we hope to create a positive forum for discussing the suitability of
data and methods to answer questions around future extreme events. Specifically
we want to:
– facilitate discussion and build new partnerships between researchers in statistical and environmental science disciplines with an interest in rare and hazardous events,
– introduce environmental researchers to a broader range of opportunities offered by current techniques in extreme value theory (EVT) and similarly demonstrate the challenges experienced by environmental researchers when applying
EVT techniques to their applications.
The conference will comprise a number of plenary lectures, some shorter talks, a
poster session and a panel discussion. The focus lies on an exchange of research
learning experiences and ideas and is aimed at a cross-disciplinary audience with a
special interest in understanding the likely nature of extreme events.
There will be lots of opportunity to get to know one another, while also exploring
the walks around the hall or during an excursion to Powis Castle and Garden.
• A second workshop will be organised in 2020.
• Organising Committee: Kirstin Strokorb, Marie Ekström, Owen Jones (Cardiff University).
• We would like to thank the Royal Statistical Society for their financial support
for these meetings as well as the School of Mathematics and the Water Research
Institute at Cardiff University for their administrative and financial support.
• Special thanks go to Murray Pollock (Warwick) for sharing his experience and resources as current lead organizer of the Gregynog Statistical Conferences. Gregynog is also home to the yearly Gregynog Statistical Conferences (since 1965!) as
well as the Welsh Mathematics Colloquia.

1.2

Webpages
• https://www.cardiff.ac.uk/water-research-institute/events/
wet-weather-workshop-on-extremal-trends-in-weather
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1.3

Key Dates & Times
• Arrival & Check-In: From 2pm on Monday (Gregynog Hall Shop).
• Welcome: 3.25pm on Monday (Seminar Room, 2nd Floor).
• First Talk: 3.30pm, Monday (Seminar Room, 2nd Floor).
• Breakfast: 8am on Tuesday/Wednesday (Dining Room).
• Coffee Breaks / Afternoon Tea: 4.10pm on Monday, 11am/4.30pm on Tuesday,
11.10am on Wednesday (Blayney Room).
• Lunch: 12.30pm on Tuesday/Wednesday (Dining Room).
• Dinner: 6.30pm on Monday/Tuesday (Dining Room).
• Bar: From 8.45pm on Monday/Tuesday (Joicey Room).
• Departure: 13:30pm on Wednesday.

1.4

Internet Access
• Wireless access is available in the lecture rooms and public areas. Note that from
experience the wireless can be extremely poor.

1.5

Powis Castle Excursion
• An optional excursion to Powis Castle will take place on the Tuesday after lunch.
Please speak to Owen Jones for further details and to register your interest.
• Powis Castle (Welsh: Castell Powis) is a medieval castle, fortress and grand country
mansion located near the town of Welshpool, in Powys, Mid Wales. The residence
of the Earl of Powis, the castle is known for its extensive, attractive formal gardens,
terraces, parkland, deerpark and landscaped estate. The property is under the care
of the National Trust, who operate it under the name “Powis Castle and Garden”.
Princess Victoria (later Queen Victoria) visited the castle as a child when her mother
took her to tour England and Wales in 1832.
• Webpage: www.nationaltrust.org.uk/powis-castle
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2
2.1

Getting to Gregynog
Venue Details
• Address: Gregynog Hall, Tregynon, Nr. Newtown, Powys, SY16 3PW
• Telephone: 01686 650224
• Webpage: www.gregynog.org
• Contact / Travel Information: www.gregynog.org/contact/

2.2

Getting there by Minibus
• Two minibuses will leave from Cardiff University, School of Mathematis at 10.10am
sharp on the Monday going to Gregynog Hall. Details for when they leave from
Gregynog Hall on the Wednesday returning to Cardiff are to be confirmed (aligning
with the train schedule for departures). Please let us know in advance if you would
like a place on the minibus.

2.3

Getting there by Car
• Gregynog’s location near the quiet village of Tregynon, 6 miles north of Newtown
in Powys, makes it reachable within 3 hours from all parts of Wales, within 2 hours
from Birmingham, Manchester, Chester and Liverpool and just 50 minutes from
Shrewsbury.
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• From Newtown
– Entering Newtown from the South, keep on the A489 until you reach the traffic lights at McDonald’s. Turn left at the traffic lights (keeping McDonalds on
your left).
Go over the river bridge following signs for the hospital. Take the fifth turning
on the right (opposite the Bell Hotel). Carry on up the hill out of Newtown for
approx. 6 miles.
The entrance to Gregynog is sign-posted on the left just before the village of
Tregynon.
• From Welshpool
– Head towards Newtown on the A483 for approx. 4 miles. Turn right towards
Berriew (B4390).
In Berriew village take the second turning on the left, sign posted Bettws Cedewain 5 miles.
In Bettws follow the road round to the right (keeping the New Inn pub on
your right) sign-posted Tregynon 2.5 miles.
At the next T junction the entrance to Gregynog is sign posted straight opposite.
• For satellite navigation
– Use the postcode SY16 3PL, which will bring you into the Hall grounds via
the main Estate entrance. From the Berriew direction, it may also direct you
to turn right towards Brooks, which is a steep single track road. Please ignore
this and continue onto Bettws Cedewain.

2.4

Getting there by Train
• Rail links are via the Birmingham Aberystwyth line. The local train station is Newtown (Powys), approximately a £12 taxi journey from Gregynog Hall. There are
direct trains to Newtown (Powys) from Birmingham Int’l and Birmingham New
Street.
• We will organise a minibus/taxi pick up from Newtown (Powys) on the day of
arrival if you let us know your arrival time in advance (expect an E-mail survey
early April). On the day of departure we will organise bringing you back to the
station of Newtown. Please sign up for this service during the workshop.

2.5

Local Taxi Companies
• Station Taxis: 01686 621818
• Pauls Taxis: 01686 624314
• Ross Taxis: 01686 627600
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3
3.1

About Gregynog
History

Gregynog has existed for 800 years. By the 16th century it was the home of the Blayney
family, local gentry who claimed descent from the early Welsh princes and whose courage
and benevolence were praised by the court poets. Their coat of arms is the centrepiece of
the fine oak carvings in what we now call the Blayney Room.
For hundreds of years Gregynog was one of Montgomeryshire’s leading landed estates,
at the heart of the community and the local economy. The Blayney squires gave way to
the Lords Sudeley, then Lord Joicey.
After several hundred years of private ownership, in 1913 a huge estate sale saw Gregynog’s farms, cottages and woodlands sold off, many to their tenants. Gregynog Hall
might have been demolished had not the wealthy Davies sisters acquired it in 1920 to
become the headquarters of their enterprise to bring art, music and creative skills to the
people of Wales in the aftermath of the First World War.
For twenty years the house was full of music, fine furniture and ceramics, hand-printed
books from the Gregynog Press and, most extraordinary of all, the sisters’ collection of
paintings by artists such as Monet, Cezanne and Van Gogh. Leading lights, such as
George Bernard Shaw and Gustav Holst visited during these years for musical concerts
or simply to enjoy the beautiful gardens and woodland walks.
At the end of the 1950s, after wartime use as a Red Cross convalescent home, Gregynog
was bequeathed to the University of Wales as a conference centre. It welcomed its first
students in 1963 and they’ve been coming ever since! But the old Gregynog lives on the
music, the art, the printing press and the gardens. It is still a magical, timeless place
where you can walk in the grounds on a quiet evening and listen to the birdsong just as
the Davies sisters did many decades ago.

3.2

Walks

The gardens at Gregynog are unrivaled, offering a mixture of formal and woodland
walks.
To assist our visitors in fully appreciating the beauty and diversity of the estate, we have
created a variety of colour-coded woodland walks. The walks are of varying length and
difficulty, weaving their way through the estate to offer tantalising views of both the Hall
and the stunning Montgomeryshire countryside.
The new Lily Lake Walk, Warren Walk, Great Wood Walk and Valley Walk have been
created to offer something of interest to everyone.
Attractions on the walks include the secluded Mellor’s cottage, the Davies sisters’ painting shed and Quackers Hall, perched in the middle of the lily lake, and a birdwatching hide located deep in the Garden House Wood. Simultaneously striking and amusing is the stone statue of a giant hand protruding from the earth, a particular favourite
of passers-by taking a woodland stroll. Against this backdrop, the meandering Bechan
Brook flows through the estate attracting birds, including kingfishers.
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The Bee Apiary, acknowledged to be the prettiest in Wales, is located in the Dell. Visitors can see the bees flying from their hives and coming back again after collecting pollen
from the gardens. The attractive viewing shelter has been designed to allow close but safe
access to the bees: there are over one million of them, and contains interpretation boards
describing the importance of bees, their life cycle and the various types of hives within
the apiary. Find out about when the beekeepers will be in the apiary, as they will bring
frames of bees close enough for you to see and smell, by visiting the Monty Bees website.
With support from Natural Resources Wales, a number of wildlife interpretation boards
are installed throughout the estate, enabling visitors to understand the important of the
natural environment within Gregynog, recently designated a National Nature Reserve.
Our walks are naturally maintained, mainly by people’s feet and dogs paws with minimal interference in this unspoilt environment. You may find yourself bashing through
bracken and wading through muddy patches at times .. just a perfect escape in the wilds
of Wales, but bring your boots!

3.3

Library

A unique collection of books
The fine arts, Gregynog Press books, Welsh history, literature, culture and language
The books on open access in the west corridor and in the Thomas Jones Library and Dora
Herbert Jones Library are the most visible part of a substantial collection of books and
9

archive material held at Gregynog. Many of the books once belonged to the Davies sisters, although most of the general non-fiction collection has been acquired since the 1960s
when the University of Wales took over the hall. The policy behind the development of
the library over the years has been firstly, to complement the activities which take place at
Gregynog; secondly, to offer insights into its history and its special significance to music,
art and fine printing; and thirdly, to reflect its nature as an institution at the heart of Welsh
cultural life.
In addition, a considerable number of documents and other items relating to the history of the house have been collected over the years and these are now listed and stored
securely. This includes a full set of Gregynog Press and Gwasg Gregynog publications
which can be consulted on application.
However it should be noted that most surviving archive material relating to Gregynog,
including items such as the Visitors’ Book kept here in the 1920s and 1930s, is now in the
National Library of Wales in Aberystwyth.
Gregynog Library books are not available for external loan, but we welcome Visiting
Readers. By becoming a Gregynog Member you can apply for a Visiting Reader’s ticket
which will entitle you to visit Gregynog on most occasions when the house is open, to
research, study or just browse in the library.
Books on open access for browsing and private reading are arranged as follows:
1 The Library Corridor
The books on open access in the library corridor are general non-fiction books and
literature. Subjects include philosophy, religion, history and literature. There is a
large collection of books on the fine arts, including Impressionist and Post-Impressionist
painters, also printing, binding and the book arts. Journals include ’The Studio’
magazine dating back to the early 20th century, also The Burlington Magazine’ and
other art related journals.
Gregynog’s collection of material relating to Irish language and literature is shelved
here, and at the far end of the corridor is a separate collection of material relating to
Arthurian myth and legend as it spread from its Celtic roots to German, France and
beyond.
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2 The Thomas Jones Library
The Thomas Jones library houses a collection of reference books, encyclopaedias,
dictionaries, atlases etc., including some useful horticultural reference books. A
section of the Fine Art Collection is also housed in this room, which is in regular
use for meetings and seminars.
3 The Music Library
This is a collection of books shelved in the corridor next to the Music Room. It
includes an early edition of Grove’s Dictionary of Music, and a large collection of
biographies of musicians and composers.
4 The Dora Herbert-Jones Library
This is what is known as the ’small’ library at the far end of the library corridor,
where the Librarian’s desk and computer are also located. All the books and journals in this library relate to Wales and the Celtic countries, either in Welsh or other
Celtic languages, or about Wales and the Celtic countries, their history, literature
and culture.
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4.1

Timetable
Monday 29th April

All talks will take place in the Seminar Room, 2nd Floor.
Time Presenter
14:00 Arrival & Check-In
15:25 Kirstin Strokorb
15:30 David Stephenson
16:10 Afternoon Tea
16:30 Short talk session
16:30 Jennifer Catto
16:45 Eric Gilleland
17:00 Helga Kristı́n
Ólafsdóttir
17:15 Ben Youngman
17:30 Katharina Hees
17:45 Scientific
“Speed-dating”
18:30 Dinner
19:30 Emma Eastoe
19:45 Jonathan Tawn
20:45 Bar

4.3

Title
Pick-up from Newtown will be organised
Gregynog Hall Shop
Welcome and Information
How much do wind speed extremes at different
locations wag together?
Blayney Room

Pg

15

Global analysis of compound precipitation, [. . . ]
A spatial propinquity extreme-value model [. . . ]
Frequency and Magnitude Behaviour of Extreme
Rainfalls in the Northeastern USA
Objective inference for nonstationary spatial [. . . ]
Return Times of Extreme Events
Explanation
18:00 Round 1
18:15 Round 2
Dining Room

18
21
22

Extreme Polar Temperatures and Ice Melt: [. . . ]
Modelling Spatial and Aggregated Extreme
Events
Joicey Room

19
16

24
21

Wednesday 1st May

All talks will take place in the Seminar Room, 2nd Floor.
Time Speaker
08:00 Breakfast

Title
Dining Room

09:00 Room Check-Out
09:10 Chen Zhou

Gregynog Hall Shop
Trends in extreme value indices

16

10:05 Hugo Winter
10:20 Simon Brown

Bringing physical considerations into the [. . . ]
Providing estimates of future extremes for the UK

24
14

11:10 Coffee Break

Blayney Room

11:35 Marco Oesting
11:50 Discussion of
Learning Outcomes
12:30 Lunch

Spatial Modeling of Heavy Precipitation in [. . . ]

Dining Room

13:30 Departure

Minibuses to Newtown will be organised

12

Pg

22

4.2

Tuesday 30th April

All talks will take place in the Seminar Room, 2nd Floor.
Time Speaker
Title
08:00 Breakfast
Dining Room
09:00 Philippe Naveau
(Talk 1 of 2)
09:40 Neven S. Fučkar
10:00 Hayley Fowler
11:00 Coffee Break
11:20 Group Photo
11:30 Michael Singer
11:50 Poster Session
Jonas Brehmer
Amy Green
Adam Griffin
Steven Mauget
Emily Mitchell
Jordan Richards
Roberto Villalobos
Herrera
12:30 Lunch
13:00
13:30 Free Afternoon

For poster presenters: Weaver room will be accessible
Analysis of extreme climate events by combining
multivariate EVT and causality theory
Attribution of the 2015 OND drought and 2018
February heavy precipitation event in [. . . ]
Understanding changes to short duration rainfall
extremes
Blayney Room
Location weather dependent
Down to Earth: Simulation of climate change at the
land surface
Weaver Room
Why scoring functions cannot assess tail properties
The representativeness of ground-based rain [. . . ]
Have trends changed over time? A study of [. . . ]
[with Gianni Vesuviano and Elizabeth Stewart]
A North Atlantic Wet Regime at the End of [. . . ]
Annual extreme value analysis of top UK [. . . ]
Aggregation of Spatial Extremes [with Jonathan
Tawn, Jennifer Wadsworth and Simon Brown]
Event-based rainfall analysis and design [. . . ]

Pg

15
20
14

23

25
25
26
26
27
27
28

Dining Room
Optional Powis Castle trip (Excursion 1) 13:00-16:30
Optional Walk (Excursion 2) 13:30-16:30

16:30 Afternoon Tea

Blayney Room

17:00 Philippe Naveau
(Talk 2 of 2)
17:40 Short talk session
17:40 Cees de Valk
18:00 Sebastian
Engelke
18:15 Haider Ali

Analysis of extreme climate events by combining
multivariate EVT and causality theory

15

Approximation of the tail of the wind speed [. . . ]
Modeling extreme river discharges with sparse
extreme value models
Nonstationary Precipitation Intensity-DurationFrequency Curves for Urban Stormwater [. . . ]
Dining Room

18
19

19:30 Geert Jan van
Oldenborgh
20:10 Panel Discussion

Some of the things that go wrong when studying
climate extremes in observations and models

23

20:50 Bar

Joicey Room

18:30 Dinner

13

17
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5.1

Abstracts
Invited talks
Providing estimates of future extremes for the UK
Simon Brown
UK MET Office

As the awareness of our commitment to future climate change grows, more questions,
such as ”What will the future look like?” and ”What should we do about it?” are being
asked. For example some regulators are insisting that new structures are built with regard
to what the future climate might bring. Typically this concern will be directed towards
meteorological hazards, such as wind storms, periods of extreme heat, high rainfall or
lack of rainfall. As a consequence, the UK Met Office has been tasked with providing
UK stakeholders with projections of the possible future UK climate to assist in adaptation planning. Primarily this has been mediated through the UK Climate Projections
programme, the most recent iteration being in 2018. Extensions to UKCP18 are in the
pipeline which are specifically aimed at extreme weather for a few ”general” metrics such
as hottest and wettest day or wettest 5 days. For some users, however, their requirements
are such that bespoke analysis is required and potentially requiring methodology that
has yet to be developed. In this talk all three will be covered: firstly, the generation of
UKCP products for extreme heat and rainfall, secondly, a case study in the nuclear industry on cooling during heatwaves and lastly, developments in providing estimates of
future severity and duration of heatwaves.

Understanding changes to short duration rainfall extremes
Hayley Fowler
Newcastle University
Historical in situ sub-daily rainfall observations are essential for the understanding of
short-duration rainfall extremes but records are typically not readily accessible and data
are often subject to errors and inhomogeneities. Furthermore, these events are poorly
quantified in projections of future climate change making adaptation to the risk of flash
flooding problematic. Consequently, knowledge of the processes contributing to intense,
short-duration rainfall is less complete compared with those on daily timescales. The
INTENSE project is addressing this global challenge by undertaking a data collection
initiative that is coupled with advances in high-resolution climate modelling to better
understand key processes and likely future change. The project has so far acquired data
from over 23 000 rain gauges for its global sub-daily rainfall dataset (GSDR) and has
provided evidence of an intensification of hourly extremes over the US and Australia.
Studies of these observations, combined with model simulations from the new generation
of convection-permitting models, will continue to advance our understanding of the role
of local-scale thermodynamics and large-scale atmospheric circulation in the generation
of these events and how these might change in the future.
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Analysis of extreme climate events
by combining multivariate extreme values theory and causality theory
Philippe Naveau
Laboratoire des Sciences du Climat et l’Environnement (LSCE-IPSL-CNRS)
Multiple changes in Earth’s climate system have been observed over the past decades.
Determining how likely each of these changes are to have been caused by human
influence, is important for decision making on mitigation and adaptation policy. This is
particularly true for extreme events, e.g. the 2003 European heatwave. To quantity these
issues, we combine causal counterfactual theory (Pearl 2000) with multivariate extreme
value theory. In particular, we take advantage of recent advances in the modeling of the
multivariate generalized Pareto distributions to propose a conceptual framework to deal
with climate-related events attribution.
[Joint work with Anna Kiriliouk, Alexis Hannart, Julien Worms and Soulivanh Thao.]

How much do wind speed extremes at different locations wag together?
David B. Stephenson
Exeter Climate Systems, University of Exeter
Natural hazard loss portfolios with exposure over a region are sensitive to the dependency between extreme values of the key hazard variable at different spatial locations. It
is therefore important to correctly identify and quantify dependency to avoid poor quantification of risk.
This study demonstrates how bivariate extreme value tail dependency methods can
be used together in a novel way to explore and quantify extremal dependency in spatial
hazard fields. A relationship between dependency and loss is obtained by deriving how
the probability distribution of conceptual loss depends on the tail dependency coefficient.
The approaches are illustrated by applying them to 6103 historical European windstorm footprints (spatial maps of 3-day maximum gust speeds). We find there is little
evidence of asymptotic extremal dependency in windstorm footprints. Furthermore, empirical extremal properties and conceptual loss distributions between pairs of locations
are shown to be well reproduced using Gaussian copulas but not by extremally dependent Gumbel copulas.
It is conjectured that the lack of asymptotic dependence is a generic property of turbulent flows, which may extend to other spatially continuous hazards such as heat waves
and air pollution. These results motivate the potential of using Gaussian geostatistical
spatial models for efficient simulation of hazard fields.
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Modelling Spatial and Aggregated Extreme Events
Jonathan Tawn
STOR-i, Lancaster University
When assessing the risk posed by environmental processes it is necessary to consider
not only the extreme values of the process at separate sites but also the spatial extent of
the extreme values in the same event. This spatial and aggregated information is vital for
assessing losses for the insurance industry from flooding or for determining the risk of
heatwaves. Clearly events that have a more localized spatial extent to the extreme values
will tend to have less severe impacts; so efficient estimation of the spatial behavior of the
process is essential for risk assessment. One way to study this affect is through looking at
the extremes of a process at different aggregated scales.
Extreme value theory provides a very flexible class of asymptotically justified probability distributions to describe the behaviour of the extreme values. In the univariate
case the well-established class of distributions is fully described by a 3 parameter class of
models. This parsimony and flexibly provides a strong basis for modelling. In multivariate and spatial extremes the dependence structure also has critical structure imposed on
it by focusing on extreme events. The nature of the structure imposed though depends
on the form of the asymptotic argument used and in no case is it fully parameterized.
Similarly, for aggregated extreme events even if the marginal distributions are known
pre-aggregation, the distribution of the extremes of aggregated variables is unknown in
general.
For spatial modelling of extreme values one asymptotic approach has led to the class
of max-stable processes being widely used. A major weakness of these max-stable models
is that the spatial profile of events is independent of their peak magnitude. This enables
clean results about the extremal spatially aggregated behavior to be understood. However, for many processes (such as all Gaussian processes) the extreme events becoming
increasingly localized as the magnitude of the events become more extreme. In this talk
I will introduce spatial extreme value processes that allow for both these of types of spatial extreme process. The properties of these models will be illustrated with a range of
applications.

Trends in extreme value indices
Chen Zhou
Erasmus University Rotterdam / De Nederlandsche Bank
We consider extreme value analysis for independent but non-identically distributed observations. In particular, the observations do not share the same extreme value index.
Assuming continuously changing extreme value indices, we provide a non-parametric
estimate for the functional extreme value index. Besides estimating the extreme value
index locally, we also provide a global estimator for the trend and its joint asymptotic
theory. The asymptotic theory for the global estimator can be used for testing a prespecified parametric trend in the extreme value indices. In particular, it can be applied to
test whether the extreme value index remains at a constant level across all observations.
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5.2

Short talks
Nonstationary Precipitation Intensity-Duration-Frequency Curves
for Urban Stormwater Infrastructure Design in India
under the Warming Climate
Haider Ali1 , Hayley J. Fowler1 and Vimal Mishra2
1 Newcastle University, 2 Indian Institute of Technology Gandhinagar

Urban areas are fast responding catchments due to significant impervious surface area.
Extreme precipitation events may lead to flooding which disrupt urban transportation
and cause enormous damage to infrastructure. Stormwater infrastructure is generally
designed considering stationary conditions where it is assumed that annual maximum
precipitation series have time-invariant probability density function (pdf); however, anthropogenic activities and climatic changes have made stationarity ’almost’ dead. Therefore, we here examine the use of stationary as well as non-stationary conditions for estimating return levels for different return periods for selected cities in India using historical
records for 1979-2013. We use annual maxima of precipitation to fit the generalised extreme value (GEV) distribution and estimate return levels under a stationary climate. To
account for non-stationary conditions, we use daily dewpoint temperature and air temperature as covariates in the GEV distribution, justified by the maximum likelihood test.
Our results show huge differences in the estimates of return levels from stationary and
non-stationary GEV models (based on the historic period) for most of the cities when
looked at individually. For example, for 1 day, 50 year and 1 day, 100 year precipitation
estimates, 16 and 13 (from 23) urban areas show a median increase of 15.5% and 18.3%
respectively under nonstationary atmospheric conditions from return levels estimated
using stationary conditions, over the time period.
The Paris Agreement (2015) provides a promising framework for protecting global climate and the important challenge to the global community is to discriminate between
climate impacts for different future temperature thresholds. We, therefore, also estimate
the projected change in the sub-daily design storm with the increase in different levels of
warming (0.5◦ to 2.5◦ C) from the pre-industrial period (1861-1890) using General Circulation Model (GCM) projections of changes to the covariates. We found significant changes
to the design storm (3-hr, 100 year precipitation maxima) estimated using a stationary
GEV at a majority of locations from the baseline period, 1976-2005, with an increase in
global mean temperature (GMT) from 0.5◦ C to 2.5◦ C. For instance, a rise of 1.5 (2.0◦ C) in
GMT from the pre-industrial level is projected to cause a 20% (25%) increase in 3-hourly
precipitation for the 100 year return period under stationary conditions, which further
rises by 10% under nonstationary conditions. Projected warming results in a much (almost two times) faster increase in the 100 year return level for 3-hr precipitation intensities
than for 24-hr precipitation intensities. Moreover, 3-hr, 100 yr precipitation intensities are
projected to show this significant increase at almost all locations (78 from 89 stations) if
GMT is increased by 1.5 to 2.0◦ C from the pre-industrial level. Our results highlight the
urgent need for an evaluation of existing hydrologic and hydraulic design criteria under
a changing climate.
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Global analysis of compound precipitation, wind and wave extremes and
their relationship with cyclones, fronts and thunderstorms
Jennifer Catto
Exeter Climate Systems, University of Exeter
Extreme precipitation, winds, and wave heights are important hazards that, when occurring simultaneously, can cause severe socioeconomic impacts. Understanding the occurrence of such compound extremes and the responsible physical mechanisms will lead
to better preparedness for the impacts of extreme events throughout the world, and improve disaster risk reduction.
Using ERA-Interim reanalysis data we investigate the joint occurrence of extreme precipitation, winds, and waves, including their global distribution and seasonal variation.
To investigate the physical mechanisms, we have applied objective cyclone and front
identification methods to reanalysis data, and used a global dataset of lightning strikes, to
systematically examine different combinations of cyclone, front and thunderstorm events.
These phenomena are known to cause extreme weather in various regions throughout the
world. The frequency of compound extremes associated with the different storm types,
as well as the probability of experiencing a compound event given each storm type is
quantified.
This method allows a number of novel concepts to be explored, with results showing
that the highest risk of extremes occurs for a type of “triple storm” event characterised
by the simultaneous occurrence of a cyclone, front and thunderstorm. The importance
of these phenomena and their combinations for producing compound hazards has been
examined, as well as the influence of large-scale climate variability on their occurrence.

Approximation of the tail of the wind speed distribution
Cees de Valk
KNMI (Royal Netherlands Meteorological Institute)
Extreme value analysis is often seen as synonymous to fitting of a Generalised extreme
value (GEV) distribution to annual maxima or of a Generalized Pareto (GP) tail to peaks
over a high threshold. These models are in essence assumptions of regularity of the tail of
a distribution function. Specifically for the purpose of extrapolation over a wide range of
return periods, alternative regularity assumptions were introduced: Generalized Weibull
(GW) and log-GW tails, with the Weibull tail as a special case. Focusing on wind speed,
I will present a comparison of fits of these tail models derived from very large (>5000
years) datasets of seasonal ensemble forecast data from ECMWF. Furthermore, I will discuss the effect of interannual variability on the uncertainty in estimates of the tail of wind
speed, using measurements at Schiphol airport as an example.
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Extreme Polar Temperatures and Ice Melt: Investigations and Challenges
Emma Eastoe
STOR-i, Lancaster University
In this talk, I will introduce an on-going collaboration between statisticians and polar scientists to characterise the behaviour of extreme events of both air and ice-surface
temperatures in polar regions (primarily Greenland and Antarctica). Polar scientists are
particularly interested in understanding this behaviour as temperatures can be used to
improve accuracy in predicting ice sheet melt, which in turn is required to predict global
Sea Level Rise (SLR). To place this in perspective, if the entire Greenland and Antarctica
ice sheets were to melt, they would contribute approximately 6m and 60m respectively to
global SLR. The objectives of the project include how best to characterise extreme ice melt
and/or temperature events, identification of trends in extreme behaviour and assessing
how well reanalysis and climate model data represent extreme events.
Since the project is still in early stages, rather than present final results, I will show
some of the data sets that we are working with and describe some of the challenges that
have arisen so far. These challenges, which are of both a practical and methodological
nature, include optimising the use of multiple data sets (spatially-sparse measurement
observations, reanalysis data, climate model data and satellite data), identifying extreme
events, missing data and non-stationarity.

Modeling extreme river discharges with sparse extreme value models
Sebastian Engelke
University of Geneva
Conditional independence, graphical models and sparsity are key notions for parsimonious models in high dimensions and for learning structural relationships in the
data. The theory of multivariate and spatial extremes describes the risk of rare events
through asymptotically justified limit models such as max-stable and multivariate
Pareto distributions. We introduce a general theory of conditional independence for
multivariate Pareto distributions that allows to define graphical models and sparsity for
extremes. This enables the definition of an extremal graphical lasso that enforces sparsity
in the dependence structure. We show how this approach can be used to assess the flood
risk on the Danube river.
[Joint work with Adrien Hitz. Preprint available on https://arxiv.org/abs/1812.01734]
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Attribution of the 2015 OND drought and 2018 February heavy precipitation
event in southern Africa
Neven S. Fučkar1 , Friederike E.L. Otto1 , Flavio Lehner2 , Piotr Wolski3 , Mark New4 ,
Sarah Sparrow1 and Sihan Li1
1 Environmental Change Institute, University of Oxford, 2 Climate and Global Dynamics
Laboratory, NCAR Boulder, 3 Climate System Analysis Group, University of Cape Town,
4 African Climate and Development Initiative, University of Cape Town
Exceptionally strong drought was present across the most of southern Africa (poleward of deep tropics) in the early austral summer (October-November-December) of 2015
with widespread and sever socio-economic impacts in this region. While in February 2018
central Mozambique, Zimbabwe and southern Zambia experienced very heavy precipitation due to southward shift of the intertropical convergence zone. We define the OND
2015 low precipitation event in the subtropical (south of 15deg.S) southern African zone
with dominant austral summer precipitation (i.e. excluding the south- western edge of
the continent with dominant austral winter precipitation) and February 2018 precipitation event in a specific region encompassing parts of Mozambique, Zimbabwe and Zambia based on station and satellite observations. Beside observational analysis we perform
a large multi-model ensembles attribution study with large-ensemble reanalysis, and regional and global climate models. The largest ensembles of simulations are produced
by one-way coupled global-regional atmosphere general circulation models, HadAM3PHadRM3P, integrated in weather@home2 system. It is a distributed (BONIC) computing
framework supported by more than 9,000 volunteers, citizen scientist across the globe
that share their computing resources with the climateprediction.net project.
We also utilize HadGEM3-A, EC-Earth2.3, and CESM large ensemble simulations as
well as the 20th Century Reanalysis v3. Our analysis of these large ensembles (comparison of the actual and counterfactual conditions as well as historical conditions in different
periods) shows that at the fixed low precipitation level climate change has decreased the
probability of such (2015 OND) drought in this southern African region. Also, at the
fixed return period climate change has made such drought less intense. While on the
other hand the associated high surface temperature (with 2015 OND drought) in this region, at the fixed high temperature level, has become more likely, and at the fixed return
period has become more intense due to climate change. Furthermore, climate change has
slightly increased likelihood of 2018 February heavy precipitation event and made such
events more intense at the fixed return period.
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A spatial propinquity extreme-value model
for assessing monsoon-type precipitation extremes in future climates
Eric Gilleland
US National Center for Atmospheric Research
Rather than considering extreme values at individual locations and their temporal dependence, we consider an overall spatial field that is conditioned on being extreme via
a conditional extreme value model. The models are applied to an observed precipitation
dataset over CONUS. The dataset is stratified by year and model forecasts are compared
to a simple generalized Pareto distribution fit to individual locations by the mean-error
distance metric and by three geometric indices.
This work is a first step to utilize a novel approach in statistical model comparison to
help deepen our understanding of the added value (i.e. connection between individual
grid cells) that multivariate spatial models represent for spatial dependence analysis of
extremes fields that are not modeled via traditional univariate methods.

Return Times of Extreme Events
Katharina Hees
Technical University of Dortmund
Not only the strength of extreme weather events but also the questions: ”How often have
we to fear its appearance?” or ”How likely is it that there will be an extreme weather
event in a fixed period?” are of great importance. The traditional approach is to assume
that a Poisson process can model the occurrence of the extreme events, which means that
the times between subsequent exceedances are exponentially distributed. The underlying
time series often displays short-term dependence, which leads to a temporal clustering of
the extreme events. Nowadays, inference is then commonly based on the identification of
independent clusters by some declustering mechanism, assuming the occurrence of clusters to follow a Poisson process with exponential recurrence times in between subsequent
clusters. However, not only the assumption of serial correlation in the underlying time
series, but also heavy tailed inter-arrival times or dependencies in the arrivals can lead
to clustering of extremes and hence to different distributions of the return times. In this
talk, I will give a short overview of different approaches, talk about how to model the
inter-arrival times between extreme weather events and present ideas how to choose an
appropriate model.
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Spatial Modeling of Heavy Precipitation in the South of France
Using Max-Stable Coupling Between Weather Station Recordings and
Ensemble Forecasts
Marco Oesting
University of Siegen
Due to complex physical phenomena, the distribution of heavy rainfall events is difficult
to model in space at fine scales. In order to capture effects such as non-stationarity and
anisotropy, in this talk, we propose to couple different sources of data on extremes.
More precisely, we construct data driven mathematically sound processes by coupling
forecast ensemble data from the French national weather service (Météo-France) with
local observations. The spatial processes we provide are parsimonious in parameters,
easy to simulate and capable of incorporating nugget effects and reproducing spatial
non-stationarities.
[Joint work with Philippe Naveau (LSCE-CNRS).]

Frequency and Magnitude Behaviour of Extreme Rainfalls in the Northeastern
USA
Helga Kristı́n Ólafsdóttir
University of Gothenburg, Chalmers
With recent awareness of climate changes, the traditional assumption of stationarity
of rainfall over time might have to give way for newer models accounting for nonstationarity when analysing the behaviour of extreme rainfall. Possible reasons might
lie in changes in rain magnitude, frequency, or even both. This study considers extreme rainfall in the Northeastern USA and evaluates the existence of non-stationarity.
The data comes from NOAA and contains daily rainfall from twenty stations from years
approximately 1900 to 2014. These stations were chosen due to their indication of nonstationarity. While partial duration series provide data on individual rainstorms and thus
a more direct path of understanding the rainstorms, annual maxima data are often of
higher quality and more widely accessible. Using the connection between a Generalized
Extreme Value (GEV) model for annual maxima and the General Pareto (GP) model for
daily exceedances over threshold, with a Poisson process explaining the number of yearly
exceedances, the frequency of extreme rainstorm can be estimated from annual data. This
is compared to the results using the daily data.
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Down to Earth: Simulation of climate change at the land surface
Michael Bliss Singer1,2 , Katerina Michaelides2,3 , Dan Hobley1 and Owen Jones1
1 Cardiff

University, 2 University of California Santa Barbara, 3 University of Bristol

Climate change is projected to have major impacts to land surface processes through its
expression in the hydrological cycle. This includes changes in the frequency, magnitude,
duration, and timing of floods and droughts, all of which have important implications
for human societies and ecosystems. The conventional approach for assessing the land
surface impacts of climate change is to downscale CMIP climate model output and use it
to drive other models that express the climate within land surface hydrology. While this
approach may be useful for linking general circulation models to the hydrological cycle,
it is limited for examining the details of hydrological response to climate forcing for a
specific location over timescales relevant to decision takers. For example, management
of flood hazard or drought amelioration requires detailed information that includes uncertainty based on variability in storm characteristics, rather than on differences between
models within an ensemble.
To fill this gap, here we present recent innovations of our STOchastic Rainfall Model
(STORM), an open-source, parsimonious modelling framework for simulating climate for
a range of climate change scenarios. We show how STORM can be used to simulate ensembles of realistic sequences and spatial patterns of rainstorms over a basin or a region.
We also demonstrate its built-in functionality for simulating a range of climate change
scenarios that affect the delivery of water to the Earths surface. We explain some recent innovations that generalise STORM for simulating orography in rainfall and which
link the marginal distributions of rainstorm intensity and duration. Finally, we suggest
a range of applications of STORM as a driver to existing land surface and hydrological
models. Overall, we highlight the broad utility of STORM for complementing existing
approaches from climate science and for bringing climate science down to Earth.

Some of the things that go wrong when studying climate extremes in
observations and models
Geert Jan van Oldenborgh
KNMI (Royal Netherlands Meteorological Institute)
The last ten years have seen a shift from studying mean climate to the often more relevant weather and climate extremes. This entails using new observational datasets, model
output and statistical methods. The trends in extremes are now strong enough that they
can be detected in observations and compared to the modelled trends up to now in attribution studies. These comparisons not only show the role of global warming in changing
risks of extremes, they also unearth problems in the observational datasets, the climate
models and statistical methods. In this talk I will give an overview of the problems that
we found and sometimes overcame in five years of attributions studies.
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Bringing physical considerations into the statistics of extreme values
Hugo Winter, Amelie Joly
EDF Energy, R&D UK Centre
Safety is an overriding priority for EDF Energy and motivates work on estimating the
risks posed by extreme natural hazards. Industry-wide and EDF internal regulations require a nuclear power plant to be robust to very extreme return levels (usually the 10,000year return level, and sometimes above for beyond design basis calculations). Such extreme estimates are naturally quite uncertain since we are often using 30-40 years’ worth
of data (if we are lucky) as a basis for extrapolation. In some situations (e.g. extreme precipitation) our fitted statistical extreme value model will have an unbounded upper tail
which can lead to unrealistic extrapolations. When reporting results to end-users within
the industry (e.g. engineers), providing unrealistically large values can erode the confidence that end-users have in statistical modelling and as such it is important to spend
more time contextualising results in this area.
In recent years, there has been a push within the nuclear industry to use more physical
considerations to provide additional context to values obtained using purely statistical
extreme value modelling. This presentation will aim to briefly outline a few different
projects currently ongoing in this topic area within EDF Energy, including:
• A summary of potential physical limits for different natural hazards and how these
may alter under climate change;
• The NERC project SUCCESS which has creating 6 synthetic storms using Met Office
numerical weather prediction tools;
• PhD work in conjunction with Lancaster University and the Met Office that has
sought to directly model factors from extra-tropical cyclones as opposed to just
modelling the resulting extremes at a single site.
The aim of the presentation is to promote discussion on the best approaches currently
available within the extremes community for bringing physical considerations into the
statistics of extreme values.

Objective inference for nonstationary spatial extremal processes
Ben Youngman
Exeter Climate Systems, University of Exeter
Sometimes it’s useful to be able to simulate extreme environmental events for risk estimation. For example, they can be used for probabilistic loss estimates, or simply for visual
understanding of events. Some events can be quite big in area, such as hurricanes. Over
large domains a stationary (just based on distance apart) dependence structure is unlikely
to be sufficient. This talk will very briefly introduce a framework for representing nonstationary dependence and an objective inference method for its estimation. The work will
be illustrated with a significant wave height example.
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5.3

Posters
Why scoring functions cannot assess tail properties
Jonas Brehmer
University of Mannheim

A much debated question in forecast evaluation is the sound assessment of the relative
performance of several competing forecasts. Important tools to perform this task for point
forecasts are scoring functions. If a statistical property of a distribution is a unique minimizer of the expected score, the scoring function is elicitable for this functional. Elicitability is a desirable property for comparative forecast evaluation and it enables regression
and M-estimation. Motivated by the growing interest in properties of distribution tails,
we investigate whether consistent scoring functions can be used to compare point forecasts of such properties. To do this, we introduce the class of max-functionals, which contains key characteristics from extreme value theory, in particular the extreme value index.
We demonstrate that max-functionals fail to be elicitable in a very strong sense, they even
have infinite elicitation complexity under minimal regularity assumptions. Our findings
highlight that the use of scoring functions or scoring rules is impossible or has serious
drawbacks when it comes to important tail properties such as max-functionals. We conclude that caution is needed in forecast evaluation if relevant information is encoded by
such functionals.

The representativeness of ground-based rainfall observations for conditioning
radar rainfall estimates for extreme events
Amy Green
Newcastle University
Weather radar provides rainfall data with a high spatio-temporal resolution, essential
for determining the spatial extent of high-intensity rainfall for flood risk management.
Reflectivity observations can be converted into rainfall rates using a standard Z-R relationship (e.g. Z = 200R1.6 ). These are subject to lots of errors and due to the complex
nature of rainfall, do not capture the rainfall distribution very well. There exists standard
methodology to correct for some of these errors (ground clutter, curvature of the earth,
attenuation) but errors resulting from the distribution of raindrop sizes, radar beam overshooting and drift are more problematic. To increase accuracy, radar rainfall estimates are
conditioned on nearby ground observations, treating rain gauge data as ’ground truth’.
Due to the errors in both gauge and radar rainfall estimates and the differing resolutions
between point-based observations and radar pixels (area-averaged with a size of approx.
5108 rain gauges), many of artefacts and errors still remain in the processed data.
We aim to investigate how well these point-based observations can capture the rainfall
distribution. Repeatedly sampling pixels from a subset of the radar domain, we generate an ensemble of randomly simulated gauge networks, treating these as our ground
observations. For high-intensity independent rainfall events of durations between 1-48
hours, we will consider different gauge densities for events to see how well these simulated gauge networks capture attributes of the rainfall distribution seen in the full radar
image for the area of interest. The implications of results could potentially highlight the
importance of weather radar in rainfall estimation, particularly when focusing on extreme events, and emphasise the need for further investigation of the relationship between point-based and area-averaged rainfall observations.
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Have trends changed over time?
A study of UK peak flow data and sensitivity to observation period
Adam Griffin, Gianni Vesuviano and Elizabeth Stewart
Centre for Ecology & Hydrology, Wallingford
Classical statistical methods for flood frequency estimation assume stationarity in the
gauged data. However, recent focus on climate change and, within UK hydrology, severe
floods in 2009 and 2015 have raised the profile of statistical analyses that include trends.
This paper considers how parameter estimates for the Generalised Logistic distribution (standard for UK annual maximum flows) vary through time, using the UK Benchmark Network (UKBN2) to separate the effects of land-use change from climate change.
We focus on the sensitivity of parameter estimates to adding data, through fixed-width
moving window and fixed-start extending window approaches, and on whether parameter trends are more prominent in specific geographical regions.
Under stationary assumptions, the addition of new data tends to further the convergence of parameters to some “final” value. However, addition of a single new data point
can vastly change non-stationary parameter estimates. Little spatial correlation is seen
in the magnitude of trends in peak flow data, potentially due to the spatial clustering of
catchments in the UKBN2. In many places, the ratio between the 50-year and 100-year
flood is decreasing, whereas the ratio between the 2-year and 30-year flood is increasing,
presenting as a “flattening” of the flood frequency curve.

A North Atlantic Wet Regime at the End of the 20th Century
Steven Mauget
US Department of Agriculture
In previous work (Mauget 2006) intra- to multi-decadal regimes in regionally averaged precipitation time series during 1901-98 were identified through Mann-Whitney
U-statistics derived from annual rankings sampled over running time windows. As Ustatistics are normally distributed variables proportional to the incidence of high or low
rankings within a sampling period, such running analyses can identify the most significant sequences of extreme annual precipitation rankings in a time series at a fixed sample
size. By repeating these analyses over a range of sample sizes – here, 6-30 years – climate
regimes of arbitrary onset and duration can be identified. Regions selected for analysis
in gridded monthly precipitation data were defined through a survey method described
in Mauget (2006). Over all regions, the most significant wet regimes during 1901-98 were
found over North America and northern Europe in the closing decades of the 20th century. Over North America, 8 of the 10 wettest years occurred the last 27 years of 1901-98.
Over northern Europe 7 of the 10 wettest years occurred during 1978-98, and 17 of that 21
year period’s rankings were above the 98 year median. These wet regimes are particularly
evident over the entrance and exit regions of the North Atlantic storm track, suggesting
a similar late 20th century wet regime over the North Atlantic. Future work will repeat
this analysis with updated North American and European streamflow and precipitation
data.
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Annual extreme value analysis of top UK winter wheat yields
Emily Mitchell
University of Nottingham
Winter wheat is the most popular grown crop in the UK. Extreme value theory has previously been employed to address the sustainability of UK winter wheat production; the
upper yield boundary of winter wheat production in commercial practice estimated to
be 17.60 tonnes per hectare without regards to growing conditions. The Farm Business
Survey collects a substantial amount of information annually from farms across England
and Wales with the purpose of providing farmers with an overview of farming performances. We extract the responded winter wheat yields to this UK-based survey, and
model the behaviour of high yields attained annually from 2006 to 2015. In an extreme
value framework, we use a Peaks-Over-Threshold approach to fit distributions to the
tails, and produce maximum likelihood estimates of the parameters in question to ultimately compute maximum attainable yields per hectare of land. Furthermore, we introduce high-dimensional climate data from the Met Office, to discuss how extreme weather
trends may play a role in maximum yield estimations.

Aggregation of Spatial Extremes
Jordan Richards1 , Jonathan Tawn1 , Jennifer Wadsworth1 and Simon Brown2
1 STOR-i, Lancaster University, 2 UK Met Office
Fluvial flooding is caused by excessive rainfall sustained over extended periods of
time and over spatial catchment areas. Although methodology for modelling excessive,
or extreme, rainfall events is extensive and well researched, the same cannot be said about
how the extremal properties of spatial and temporal aggregations of rainfall are related.
We hope to rectify this by developing a methodology for modelling extremes at different
spatio-temporal scales and which incorporates a wide range of dependence structures.
Research on modelling aggregated spatial extremes is ongoing, but here we present
a simpler model for extreme values of sums of multivariate (dependent) variables.
Marginally these variables are assumed to have GPD tails and we focus on exploring how
properties of the copula influence the tail properties of the aggregate. The implications of
our theoretical results for statistical purposes will be discussed.
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Event-based rainfall analysis and design storm ensemble generation
Roberto Villalobos Herrera
Newcastle University
Conventional rainfall analysis considers precipitation volumes as an independent variable which is summated at multiple prescribed intervals, with most data available as
hourly or daily totals. This project seeks to implement a multi-variate approach where
duration is included in the analysis of rainfall events in order to improve the representation of rainfall events in civil engineering urban design practice. Using a UK database
of quality-controlled sub-hourly rainfall we will first construct a climatology of rainfall events to explore seasonal and geographic patterns of rainfall duration, depth and
hyetograph shape. This analysis will feed into the development of stochastic methods
to generate ensembles of rainfall events reproducing observed event variability and climatological patterns. The potential use of dew point temperature (DPT) as conditioning
variable for event characteristics will be explored as basis for a novel method to account
for future changes in rainfall due to climate change. The rainfall ensembles generated
through the model developed in this project are expected to become an improvement
over single-storm simulation approaches to flood risk assessment and civil engineering
design without the increased computational cost of continuous simulation methods.
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