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1. Project Objectives

With this deliverable, the project has contributethe achievement of the following objectives (DOA
Part B Section 1.1) WP numbers are in brackets:

No. Objective Yes No
A To develop a new generation of global high-resotutilimate models
(3,4,6) X
To develop new strategies and tools for evaluailogal high-resolution
B climate models at a process level, and for quantifthe uncertainties i
the predictions of regional climat@., 2, 5, 9, 10) X

To provide new high-resolution protocols and flagsiimulations for the
World Climate Research Programme (WCRP)'s Coupleddéi

C Intercomparison  Project (CMIP6) project, to informthe
Intergovernmental Panel on Climate Change (IPC&gsmsnents and |
support of emerging Climate Servicés, 6, 9) X

To explore the scientific and technological frorgief capability in globa
climate modelling to provide guidance for the depehent of future
generations of prediction systems, global climatel &arth Systen
models (informing post-CMIP6 and beyon(8, 4) X

To advance understanding of past and future, naanchanthropogenig
drivers of variability and changes in European aliey including high
impact events, by exploiting new capabilities ighiresolution globa
climate modelling(1, 2, 5) X
To produce new, more robust and trustworthy prajast of Europear
F climate for the next few decades based on imprajebal models ang
advances in process understand{g3, 5, 6, 10) X
To engage with targeted end-user groups in key a0 economi
G sectors to strengthen their competitiveness, groredilience and ability
by exploiting new scientific progreq4.0, 11) X
To establish cooperation between science and patitgns at Europed
and international level, to support the developn@ngffective climate
change policies, optimize public decision making arcrease capabilit
to manage climate riské, 8, 10) X

2. Use cases

In this report background information is presenddabut various sectors, potential users and their
requirements, and how they might profit from the'kvio PRIMAVERA. Based on this informatian

the order of 10 "use cases' are selected. In sm@tcases are situations in which organizations use
meteorological information (often climatic extrerhéisat are relevant to the organizati@election
criteria for the use cases include 1) the degrealakrability of the users to meteorological phaeoa,

2) the expected added value of using global higloltgion model output rather than the commonly-
applied downscaling of global coarse resolutiorpauto regional scales, and 3) the time horizom tha
users are interested in.

2.1. Vulnerability

The vulnerability of users to changes in meteoricklgor climatological conditions is defined by the
IPCC as ‘their propensity or predisposition to deeasely affected’. Vulnerability depends on the
sensitivity to the physical harm caused by clinetange and the capacity to adapt to the associated
changes. A high sensitivity and low adaptive capaicidicate a high vulnerability, whereas a low
sensitivity and high adaptive capacity refer tow lsulnerability. Vulnerability may take the forof
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either “chronic' vulnerabilities to gradual changesclimate, or "acute' exposures to particular
meteorological events, or a mixture of both. Tgpmeteorological examples include:

* Long-term changes in climate statistics (e.g.ngsiemperatures, shifting patterns of wind,
insolation, and precipitation, and their [co-]véildy in time and space).

» Persistent weather anomalies such as heat wavmgytds, storm surges, or persistently wet
conditions.

» Short-time-scale events such as extreme rainfaill, &nd wind-storms.

In many cases, sectoral vulnerability is depenaentmultiple meteorological drivers. These are
referred to as ‘compound' events or changes. Xamge, while insurance risk to wind-damage is
strongly dependent on a single variable (surfacelwusts), an important risk in the electricityteec
concerns capacity adequacy (i.e., the highestntestaous demand for power once the contribution
from renewable generation is deducted). Thisdajtentity is typically sensitive to a complicated
combination of temperature, insolation, and wind'he duration, intensity, frequency, spatial
distribution, and interannual variability of metelmgical properties (including extremes) may change
in future climates, and thereby the likelihood loé tassociated risks and impacts. Improved climate
projections can therefore help users to explore hmwh impact these changes have now and in the
future, enabling users to design appropriate gfir@deto manage, respond, and adapt to the changing
risks and opportunities.

2.2. Spatial resolution
The use cases will be selected to explore andifdémé added value of globally high resolutiomedite
models (GCMs) compared to standard resolution GCMgo anticipated advantages are highlighted.

Firstly, global high resolution GCMs compute anddarce data on finer spatial scales than traditional
GCMs. This is useful for establishing links to theation-specific properties necessary to undedsta
climate impacts. For instance, smaller grid-squareble topographic influences on local meteorology
to be seen more clearly, typically reducing thecrdipancy between model-grid output and point
observations. The improved spatial resolution miap lead to an improved representation of high-
frequency temporal variability (e.g., hour-to-haariations), which is essential in some application
(e.g., detailed modelling of power systems). It hewever, recognised that the PRIMAVERA
methodology @lobal high-resolution) does not provide unique oppottasiin this regard: similar
benefits from resolution can be achieved by otpgr@aches such as using high-resolutiegional
climate models to ‘dynamically downscale’ coarsabgl GCMs over limited geographical domains.

The second — and more fundamental — advantaggob#l high resolution GCMs is an improved
representation of the underlying physical/dynampralcesses across scales. It has been established
that many of the governing mechanisms of Europdamate, such as the large-scale atmospheric
circulation, improve as global resolution is in@ed. In this sense, the enhanced small-scale tiesolu
can be expected to contribute to an improved reptason of the large-scale circulation. Such
improvements are unique to high-resolutipobal GCMs and cannot be achieved usiegional high-
resolution downscaling. A typical example of tlighat the frequency and duration of atmospheric
blockings improves when spatial resolution increagéich is associated with a better representation
of the topography. Blocks remain in one place foreatended period and cause persistent weather
patterns — such as heatwaves and droughts in syrantkecold snaps in winter — with profound impacts
across many user-sectors.

A central focus will therefore be to understand Wdloes it happen?', instead of "What happens?' to
achieve a better process understanding leadingpooved understanding of the risks and impacts for
users of climate information. The benefits of usgigbal high resolution GCMs will be evaluated
through comparison with coarse-resolution globaMs@nd high-resolution regional climate models,
both in terms of statistical properties and thepresentation of the underlying physical phenomena.
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2.3. Time scale

The simulations of PRIMAVERA run over the periodb03o 2050, which means that they extend into
the "near' future. This time scale is shorter camghao most coarser-resolution modelling studies, i
which simulations extend to the year 2100 or ewargér (the “distant' future). This is generally
consistent with the needs of information-users, at®often most interested in the near future Kofte
only the next 5 to 10 years, though this will beified in the user consultation process) but briags
extra difficulty with it.

In longer century-scale simulations, external fiogsi, such as greenhouse gas concentrations or solar
insolation, typically govern the climate respon@&. shorter (decadal) time scales these externally-
forced signals can be strongly enhanced or dampedatural internal variability, which makes it
difficult to separate human-induced climate chaingen natural climate fluctuations. It must also be
noted that PRIMAVERA simulations are also strictipundary condition' simulations (unlike decadal
forecasts, PRIMAVERA will not seek to initialize @ution of natural variability).

In PRIMAVERA, one of the challenges is to capture tinderlying processes that drive (or mediate)
the natural decadal fluctuations, so that theylmaseparated from the longer term trends. This dvoul
improve our understanding of the risks and impa€tsvents that are driven by decadal fluctuations
and long-term trends. It will also enable the ¢artdion of plausible scenarios of climate evolatio
over the coming decades (i.e., identifying multipléferent climate scenarios that could occur
contingent on the evolution of natural fluctuatipns

3. Target sectors

Each research group that contributes to WP10/WPilllifacus on different target sectors, and
look for important extreme events and use casesninght be of interest for them. The sectors
that are currently covered are energy, transporgnice and insurance, agriculture, health, and
hydrology. In this section, the target sectors tredr climate information needs are described per
sector since the relevancy of the use cases miglstriongly sector-specifi®Ve will describe the
general need for several sectors — partly baseexmting documents from other Climate Services
activities — and the possible added value that-hégllution climate models can have for these s&cto
or specific users within the sectors. Where possiltk add more detailed information on the needs of
specific users, i.e. how they use climate infororar which questions might be of interest to them.
Later on, this part will be updated with new indigkpecifically from the PRIMAVERA project.

3.1. Sector: Energy

3.1.1 Sector characterisations

In response to climate change, many European desrdre sourcing an increasing fraction of their
electricity from weather-sensitive renewables saglsolar radiation and wind. The traditional model
of power system operation — whereby the output fiamge power stations is directly controlled to mmee
electricity demand — is therefore being replacedalsituation where neither demand or supply are
known in advance. The physical and economic intemgreof “variable” renewable generators into
power networks remains a major challenge in enpaligy and planning.

Power systems pose several major scientific chgdlem terms of climate modelling:

» Spatial localisationRenewable generation assets (e.g., wind- andfsotas) and demand
centres (e.g., cities) exist in specific geographlocations. High-resolution climate data
are therefore valuable in estimating the climaspomse of individual assets (e.g., the
output from a particular wind-farm).

» High-frequency time dependencidée parts of a power system with controllable atitp
(typically coal, gas, and nuclear power plant)etifjreatly in cost and response time (e.g.,
a typical coal power station requires several htwrswitch on' from a cold start). Many
guantitative applications in the energy sector Higdarly in power systems — therefore
require high-frequency data outputs for surfacedidmns. Accurately estimating local
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meteorological properties at ‘short’ (~0.5-3h) tirseales is therefore an important
ingredient in understanding power system responses.

e Spatial connections and compound meteorological sieities. Transmission
infrastructure connects the power system acrossnatand continental scales. This,
coupled with the requirement for near-instantaneswsply-demand balance across the
network leads to complex multi-variate meteorolagicensitivities spanning large
geographical areas. The spatial correlations widind between meteorological variables
therefore become very important for assessing itsp&aT power systems.

3.1.2 Specific users and their requirements

Energy constitutes a diverse sector with a widgeaof stakeholders and potential needs for climate
information but general awareness and understandinglimate impacts on this sector remains
relatively low. Specific users — and use casese-ttarefore being identified and developed over the
course of the PRIMAVERA project. These will collabte with and build upon a wider body of work
and existing stakeholder contact activity througévfous projects and the EU COPERNICUS climate
services for energy. The case studies will seedetoonstrate a mixture of both “acute’' and “chronic’
impacts of climate on the energy sector. Elecyrigbwer) is recognised to be a key opportunityegiv
the rapid growth of weather-sensitive renewableegation but other energy vectors (gas, oil) mag als
be explored.

In addition to direct collaborations with “end-usedustrial and policy stakeholders, PRIMAVERA
will also target an intermediary community in “eggisystems research”. This will include academic
and industrial research organisations who areagatimodelling and understanding the future evotuti
of the energy system. This indirect approach willde PRIMAVERA establish firmer links between
climate and energy research and will support thendlation” of PRIMAVERA science into a form
relevant to the end-user energy community.

3.1.3 Use cases

3.1.3.1 Use case 1. the impact of extreme events on  the energy system
Extreme weather and climate conditions have prafomplications for the energy sector across a wide
range of technologies and energy-forms. Some easriptiude:

» Cold winter temperatures: icing of power lines {ieg to damage) and peaks in demand (e.g.,
for heating and electricity, often associated witice spikes or supply shortages).

* High summer temperatures: reduction of generatfGoiency, curtailment of power plants
(e.g., water used for cooling may exceed envirorialgrgulations on temperatures for river
discharge), peaks in demand (for air conditionoften associated with price spikes or supply
shortages).

» Extreme precipitation: flooding of infrastructuresats.

» Drought: restrictions to hydropower availabilitglling river levels limiting transport of raw
fuel for electricity generation (e.g., the movemehtoal on the River Rhine).

» Storm surge: risk to coastal plant (particularlglear).

* Extreme winds: infrastructure damage (e.g., powess| wind farms, offshore oil rigs).

» Various users were consulted to identify relevarands associated with extreme events, such
as high temperature, low winds, and the compoufetiedf both. Relevant users are linked to
energy companies or provide consulting servicemngrgy-related companies or government
agencies. The specific hazards and extreme evepind on the research partner but two
specific initial partnerships have been identifrethting to hydropower and nuclear power,
with a third possible case study on wind power.
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3.1.3.1.1 Data needs

The data needs depend on the specific event andéti@dology chosen to study it. In general, sub-
daily to daily fields for temperature, precipitatjovind, and insolation will be considered, frone th
historical and future simulations. Whenever avadlalbbuns from a spectrum of models running at
different resolutions will be used to assess thaaith of PRIMAVERA's enhanced spatial resolution.
Extreme value theory will be considered to idengéifyd characterize extreme events according to the
hazards of interest. A key variable in the analysdke concept of return period, and changesii th
magnitude will be assessed by comparing the histband future runs. Comparing the results that
derive from different GCMs will allow to identifjne most robust responses.

3.1.3.1.2 Process description

The physical processes that induce extreme eveptnd on the specific hazard of interest. An exampl
of particular relevance over Europe is atmosphigiocking and the storm track, due to their strong
influence on wind, precipitation, and temperatdriee connection between the local surface climate
over the target region and large-scale atmosphsraulation (e.g., storm track variability, the
midlatitude jet, teleconnections such as the NAQI also be essential for understanding the
uncertainty of estimated return periods.

3.1.3.1.3 Added value of global high resolution

In this case, the benefit of the high resolutionI\®RVERA data arises from the improved
representation of the underlying processes thaasseciated with extreme events (e.g., storms and
blocking), as well as the large-scale teleconnestaffecting their characteristics (e.g., NAO, ENSO

3.1.3.1.4 Knowledge utilisation

These use cases are likely to evolve as partnerglith the private sector users and scientificjalir
publications may not be the most appropriate réetehe dissemination of results. In cases where
research outputs are incorporated into analysiimihe stakeholder’s organisation (and the detdils
this cannot be released), we will aim to generatpu (reports, case studies or other summaries) th
are suitable for general release on the PRIMAVER&Unterface Platform (UIP).

3.1.3.2 Use case 2: renewable resources and their i ntegration — understanding the
influence of climate on power system planning and p olicy

Numerical models of the energy system are widelgdu® inform planning and policy [e.g., e-
Highway2050 (2015), NARIS (Luderer et al. 2017)yR®Rd2009, 2011)]. The use of robust high-quality
climate data in power system planning has, howdesan historically limited due to:

» lack of awareness or understanding of climategstem planning risk

* lack of availability of suitable climate data (tgplly high spatial and temporal resolution of
the required near-surface properties)

» technical difficulties (e.g., climate dataset sizegessibility, and format)

Very few power system planning studies have theeetonsidered the impact of long-term climate
change and variability on system planning (andelinas been minimal use of climate model output in
general) despite research suggesting that climatertainty may have significant consequences
[Bloomfield et al. (2016)]. PRIMAVERA will addredhis issue, providing ‘use cases’ demonstrating
the value of long-term high-resolution climate slations for energy system planning applications.
Initially, the characteristics of known power systeritical properties’ (elicited from end-user pagrs
and literature) will be examined in the PRIMAVERAtdsets. A typical example of this is so-called
‘capacity adequacy’: the ability of a power systerproduce sufficient instantaneous supplies ofgrow
to meet demand. Given the rapid growth of reneveipbmeration, this typically corresponds to specifi
weather events — for example, in the UK, low-wiraddesnaps associated with atmospheric blocking
during winter are a particular concern becauséeif tsimultaneous impact on demand (for heating)
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and wind-power (due to calm conditions). Othericait properties — including long term trends and
variability in RE resources (particularly wind paye will also be examined. It is expected thas thi
analysis will be of relevance to partners in batHustry and academia (e.g., estimating capacity
adequacy, estimating wind resource yield for wiaiis).

PRIMAVERA will then seek to go further by directtpupling large volumes of high-frequency/high-
resolution climate model output to the complex gpesystem models typically used in planning and
policy. At their simplest, these models providea to simulate the characteristics of the eneygyesn
under a given set of climatic, economic, and tetigioal assumptions. These simulations allow, for
example, the identification of the optimal resosrteeutilize (e.g., the location of wind or solarrhs),

or to test how different policy choices influenbe resulting system design (e.g., the reinforceraent
power transmission capacity). They can thereforegibeed as a means to convert PRIMAVERA's
climate data into estimates of power system pragggenvith more direct relevance to sectoral
stakeholders.

In this latter part of the use case (energy systemelling), PRIMAVERA scientists will partner with
one or more users to support the uptake of PRIMAXERMate outputs. These partners are likely to
initially be academics working in energy policy wikan provide the capability to “translate” the
climate-focussed outputs of PRIMAVERA into meaninginalyses of the energy system as a whole.
It is intended that this analysis and the methagiek developed will be communicated broadly to
industry and policy-makers, both directly and tilyloutargeting external activities such as EU
COPERNICUS climate services and IPCC WG2.

3.1.3.2.1 Data needs

The primary datasets are 3-hourly or 6-hourly dtok temperature, wind, cloud cover, and insotatio
These will be exploited at the highest feasible wmm resolution (e.g., a 0.§rid, hourly), initially
over a European domain with a focus on the reastdrical and near-future period (~1980-2030).
Interpolation and calibration are likely to be eg&# steps in data processing and will requireefdr
attention. For the representation of wind poweregation, 3-hourly or 6-hourly data at several layer
in the boundary layer are needed to estimate atsind profiles to adjust the wind-height to tloht
typical large wind turbines. In the case of solangration, the representation of insolation andalo
cover are key. In the case of insolation, 3-hoddya is adequate to represent the diurnal cycke, bu
cloud cover will be more dependent on the repregiemt of the larger scale phenomena that cause
clouds and precipitation. Time ‘interpolation’ is@ likely to be needed for both solar and wind (to
reach the hourly or 30-minute resolution typicalsed in power system modelling) and care will need
to be taken to ensure that this is done appropyiéeg., is linear interpolation sufficient or shd
high-frequency ‘noise’ be approximated in some way?

Whenever available, data from multiple runs fromaas models will be compared across resolutions
(e.g., low, medium, and high resolutions) to alline assessment of both increased spatial resolution
and multi-model uncertainty. Wherever possiblekdirbetween the characteristics of the surface
variables (wind, solar, etc.) and large-scale dynahdrivers (jet position, blocking, storm tracksi)l

be explored to provide greater understanding déihces between climate simulations and climate
uncertainty, drawing upon the core science developether PRIMAVERA deliverables and work
packages.

3.1.3.2.2 Process description

The impact of weather and climate on the energiesyss complex and multi-scaled.

At the smallest scale, the power system is compo$edspecific set of localised nodes that either
generate a supply of or a demand for electriaityhe context of PRIMAVERA simulations, the ability
of the GCMs to credibly simulate the processesarsiple for regional — and even local — surface
climates is therefore important to minimize the dhder statistical post-processing. This includes
boundary layer wind structures, cloudiness andatiem, and surface temperature.

Transmission grids, however, connect these indalichodes into larger systems (at national or
continental scale). Such systems, because theyecbdifferent types of generation and demand, are
sensitive to a complex mix of surface weather {&ind near wind farms, cloud cover near solarfplan

PRIMAVERA (641727) Deliverable 10.1 Page 10



PRIMAVER

temperature near demand centres). This appliessaerwide range of timescales from daily weather
(e.g., cyclones, blocks) to seasonal (e.g., teleections such as the NAO) and longer (e.g., interah
variability and long term climate change effectihg position and strength of the midlatitude jeir®
track, and blocking). The ability of the PRIMAVERBCMSs to correctly represent the large-scale
atmospheric patterns driving European weather —thail impact on the co-variability of surface
weather conditions - is therefore a key concern.

3.1.3.2.3 Added value of global high resolution

The high resolution PRIMAVERA dataset has two nainantages.

Firstly, it provides an unprecedented volume ohkigiality climate data for energy system modelling.
In particular, the PRIMAVERA team has produced giersive collection of high-frequency (3-hourly
or 6-hourly) surface impact variables specificalygeting the issue of renewables assessment and
integration. The resolution of these variables badth time and space — will allow multi-model GCM
data to be utilised in state-of-the-art energyesysplanning models for the first time.

Secondly, it has been shown that the increased @GSblution can lead to process-improvements in
the simulation in both global and local climate.isThherefore provides a crucial advantage of
PRIMAVERA compared to limited-domain downscalingpagaches (e.g., Euro CORDEX) which rely
on relatively coarse global GCM simulations foritheput boundary conditions. In PRIMAVERA the
local surface climate is consistent with this globanproved simulation (e.g., the position of thterm
track, jets, and blockings), lending confidence aratlibility when interpreting the impact of clireat
variability and change in terms of its surface ictpa

3.1.3.2.4 Knowledge utilisation

This collaboration with different academic and istlial research groups is expected to lead to the
publishing of scientific articles (targeting theeegy community) which will be translated into user-
accessible reports, fact-sheets and webinars/woplsshppropriate for the PRIMAVERA UIP. The
possibility of sharing a subset of processed PRINERA data in the form of ‘energy system
reanalyses’ and ‘energy system projections’ viadthparty websites (e.g., RenewablesNinja:
www.renewables.ninja, EU COPERNICUS climate sewvice demonstrators:
climate.copernicus.eu/ecem) will also be explored.

3.2. Sector: Transport

3.2.1 Sector characterisations
Sensitivities to weather and climate can be fowrdss various transport modes. Key principlester t
effective operation of transport include:

1. Availability: physical availability of infrastructure assetes.g. for aviation, the availability of
an airport with open runways to allow flights toiae/depart

2. Service reliability ability to operate a service — e.g. for a roagl uesponsible for transporting
goods, not only must the road be available andmalhtained, but a vehicle in good condition,
and an appropriately-trained driver, must alsovaelable

3. Safetyin order to ensure the safety of transport uggesautionary measures may be invoked
where there is an elevated risk of impacts; suchsmes may in themselves affect the operation
of the transport system — e.g. for railway, sp@strictions may be imposed to manage the risk
of rail buckling in hot weather, which may resultdelays to train services.

Examples of potential transport sensitivities aretgd per mode below. The list is not exhaustive.

In general, transport is designed to cope withenirwveather, and — for certain longer-lived assets
future climate change. However, issues relatellé@pe and condition of some assets, and theinuse
conditions that may exceed the design conditiors @@eater passenger numbers than anticipated),
may result in additional vulnerability.
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Most transport stakeholders are interested in th@agement of various different meteorological
extremes; the modeling of these and the understgrafithe fundamental processes underlying them
may be improved in PRIMAVERA. Of particular notetlie potential for developing understanding of
extratropical cyclones (see also Section 4.3 Fieamd Insurance), as these can be impactful events
for transport in terms of the associated windsedipitation amounts.

Recent high-impact weather events, such as the sutmeatwave of 2003 (Western Europe), the very
cold winter of 2009/10 (across Europe) and the s&wymy winter of 2013/14 (in particular in the UK)
are very much still in the minds of transport stakders, and any developments in our understanding
of the processes and/or the statistics governiegettevents would be well-received by transport
stakeholders.

3.2.1.1 Road and rail; metro/subway systems

Road and rail transport are in general affectedaily by weather/climate.

Temperature extremes affect the integrity of roadases and railways, withigh temperatures
resulting in (for example) melting of road surfacel buckling of rails, anldw temper atures resulting

in degradation of the road surface by frost heankcaacking of rails.

Heavy rainfall may lead to flooding (whether directly, as a reséisurface water, or indirectly, as a
result of rivers bursting their banks or groundwégeels rising to the surface) which is a comnasue

for road and rail infrastructure as it not only dayes the infrastructure but also restricts thegupesef
traffic along routes. The period over which heaainfall occurs is an important factor with intense
(usually convective) rainfall generally yielding latvely rapid surface water flooding, while
moderately heavy rainfall sustained over a periodiays to weeks may cause river flooding. Rainfall
sustained over a period of weeks to months maytressoil saturation and hence — in locations with
permeable geology — may result in groundwater flogd

Infrastructure at the coast may be affected bysHaestate, with synoptic-scale storms resulting in
temporarily extreme water levels which may overopreach local sea defences.

Landslides arising from coastal erosion or from rainfall-ireeial slope failures are also significant for
road and railway infrastructure; they may blocktesuand/or raise the risk of accidents/incidentd, a
may also take a significant time to repair.

High winds are another factor; bridges may need to be partgompletely closed in high winds for
safety reasons. There is also a risk of vehicletoxsing (road and rail vehicles) in high winds. i
may also affect the integrity of overhead line astructure on electrified railway systems.

Drought can affect road and rail infrastructure built @ntain substrates, such as peatland or clay soils.
In drought conditions these substrates may dryamda shrink, exposing foundations or causing
structural degradations or instabilities.

Convective activity (thunderstorms/lightning) poses a threat to umgmted (or insufficiently
protected) electric and electronic equipment, siscinat used in railway signalling and air conditigy.
Vegetation-related issues were also highlighted in terms of plantihgices for infrastructure slopes
and whether such choices would remain appropriaderua changing climate. Such vegetation can be
used to stabilise slopes, as well as increasindilmosity. This is in addition to the disruptions
experienced on some countries’ railways duringativeual leaf fall season. When fallen leaves becomes
crushed onto the rails by passing trains, a slipfien can be created, resulting in adhesion issues
between train wheels and the rails, which posegedysrisk.

Metro/subway systems share some similarities willfase transport, as not all metro/subway
infrastructure is underground. They also have thwim specific issues, examples being the greatt ne
for (and complexity of) cooling of underground etructure and underground drainage management.

3.2.1.2 Waterborne transport (marine/ports & inland waterways)
Many (though not all) of the hazards affecting marand inland waterway transport are similar. Ports
additionally have some commonalities with othempddcation infrastructure such as airports.
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High winds can disrupt port operations conducted using largees — these operations cannot proceed
in high winds. High winds can also disrupt shippopgrations, such as manoeuvring ships on and off
berths. Wind direction is an important factor f@peoaching or leaving ports depending on their
orientation.

Coastal hazardsare of obvious relevance for ports. Coastal assaisbe damaged directly by floods.
Flooding of ports can disrupt ship access to thiéspas it may not be possible to dock and sedupss
properly. Flooding at the port can also affect amtivity to other transport modes (e.g. road aiil)l ra
Changes in sea level can affect the clearance yatestructures, such as bridges. Coastal flooding
processes can also lead to coastal erosion, whaghimturn change coastal morphology and affect
navigability.

Rainfall and rainfall-related flooding can increase river flow, which can affect river igation — it

is more difficult to carry out ship manoeuvres,sas turning, under higher river flow conditionsda
transit times may increase if travelling againsirmmeased flow (though conversely they may deereas
if travelling with the increased flow).

Tidal flows/currents are also an issue for navigation, in an analogasto that described for river
flows.

Snow, ice, and frost can affect the road and/or rail access to/frontspdn turn, this may lead to
suspension of port operations, because goods cama or be stored. At high latitudes, sea ie®al
affects navigation, with icebreakers possibly bewguired.

Lightning can be hazardous to sensitive electronic navigatystems.

Drought poses a risk to inland waterways transport, agedstg river levels can only be
accommodated up to a point, depending on the ukekdrelearance of the vessel.

Visbility is an issue for navigation. It is possible to gate most ships in zero visibility, but navigation
and manoeuvring ships alongside an installatiomeiro visibility becomes more hazardous in busy
shipping areas or in areas which are difficult awigate.

3.2.1.3 Aviation

Aviation is typically associated more with the métion agenda than that for adaptation — thahes, t
effect of aviation on climate has been more of@u$othan the effect of weather/climate on aviation.
However, aviation can be affected by weather aimdaté factors.

Snow, ice and frost affect operations, as (for example) aircraft neeloet de-iced, and runways cleared
of snow. Access to airports themselves can alstfbeted.

High winds pose operational problems, resulting in delays diadrsions, and risks to construction
operations at airports. Longer-term changes to wiimdatology around an airport (e.g. changes to the
prevailing wind direction) are a potential issug a&rport runway directions are chosen based od win
climatology information.

Rainfall and rainfall-related flooding were cited as impactful for airports in tropicegas, though not
especially as an issue for Europe. As for low-terapee hazards, flooding may disrupt access to
airports by affecting the ground transport links.

High temperatures pose a heat stress risk to personnel working posed parts of airports. Aircraft
take-off and climb are affected at very high terapares, as air becomes less dense and thereas not
much lift.

Lightning and convective storms pose a safety risk to air travel; sectors (gedgagivisions of
airspace) may be closed in severe convection donditLightning and convective storms can also put
personnel on the ground at risk unless shelterprargded.

Coastal flooding — such as that which could arise from storm surgesan issue for those airports
close to the coast, of which there are severalimje.

The Northern Hemisphere poia&t stream affects transatlantic flight routing. Since thewlacross the
North Atlantic is from west to east, westboundtitigneed to avoid the jet stream where possibldéewh
eastbound flights are able to travel with the jetam, thereby reducing flight times and saving.fue
Flights are dynamically routed to take accountefjet stream position.
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3.2.1.4 System-wide impacts

Though PRIMAVERA focuses on European climate rigle global connectivity of the transport
system cannot be ignored, as weather/climate impawturring outside Europe may have indirect
impacts on Europe itself.

There is strongnter dependence between different transport modes, with most trartspsers having

a choice of transport modes for making their joysn€n occasions when one mode is particularly
impacted by weather/climate, people may selecttamative mode (e.g. choosing to drive rather than
take the train), thereby potentially placing exirassure on the less affected modes.

For transport, there are clear linksdamate change mitigation, as many transport modes seek to
reduce their carbon footprints. Future transpomaied will be sensitive to this.

3.2.2 Specific users and their requirements

Many of the transport sector contacts were nosygiciently familiar with detailed climate inforrtian

to be able to propose specific topics for use cagemsurance sectorfherefore, in thissection, we
propose some areas of broad interest across the transport subsectors. Subsequent refinement of
these, based on future engagement, is recommended. Such engagement is envisaged through the
ongoing programme in WP11 (e.g. webinars, workshops

Categories of potential interest in transport idefu

» Operational weather management: to understand #ys w which interannual variability
affects the nature of extreme and/or otherwise atipaweather events, which in turn will
support better year-to-year planning for the maneege of impactful weather events across
transport networks.

» This was discussed by many interview participants.

» Strategic planning: to integrate weather and clamatormation into longer-term planning
cycles (e.g. budgeting for particular levels ofdtion).

» This was discussed by several interview particgpant

* Asset design: to understand the ways in which designdards may need to change in future,
as a result of climate change.

» This was discussed by several interview participant

» Demand: to provide potential scenarios of nearreusivolution of climate which may form one
input to demand models.

» There was limited discussion of this during themiews.

* Policy making: to understand the role of climatarae in the transport sector as a factor in the
future evolution of the European transport system.

» There was limited discussion of this during theimiews.

With reference to specific hazards:
* Rainfall and related flooding was relevant (atiéasome extent) for all subsectors
* High winds were mainly relevant for air transpooads, and ports
» High temperatures were mainly relevant for air $port and land transport

3.2.3 Use cases

3.2.3.1 Use case 1: information to support flood ha  zard assessment

All transport modes are affected by flooding to s@®rtent. However, the occurrence of flooding — and
the extent of its impacts — depends on much mae first the meteorological component (e.g. land
use, geology, existing risk management strategidaptation measures). While PRIMAVERA will not
undertake the kind of detailed modelling that isdexl to understand flooding, it should be posddsle
PRIMAVERA to provide a better understanding of savhéhe meteorological influences on flooding.
Depending on further user engagement, it may aés@dssible to work with a user who would
undertake the detailed modelling described abowesee how PRIMAVERA outputs could be
incorporated into such modelling.
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3.2.3.1.1 Data needs

For this use case, the primary data requiremedot isrecipitation variables, at the best possiplatisl

and temporal resolution.

Useful precipitation indices should be exploredHar with users. Some comparison of precipitation
climatology in reality and in the models would néede undertaken, for bias correction reasons. The
exact nature of the indices will depend on the (83@mnvolved, but could include:

» Seasonal mean precipitation (including identificatof n very wet seasons for consideration
as an “event set” (see Section 4.3.1)

* Number of very wet days/n-hour periods (where ddfned by what is available from the
simulations) per year/season

» Wet spell duration (e.g number of n-day period$daily rainfall exceeding the x-th percentile
per year/season)

» Spatial extent of wet conditions (e.g. % of Europdand gridboxes with daily rainfall
exceeding the x-th percentile per year/season)

The relationship between extratropical cycloneslaalsy rainfall (see Section 4.2.3.1.2 below) means
that more general information about the storm traolld also be useful (note similarities with fiwan
and insurance use cases, Section 4.3.3):

* Number of extratropical cyclones in a given season
» Storm track position: mean and variability per seas

3.2.3.1.2 Process description
We may consider two main types of relevant metegiohl event: (a) frontal/synoptic-scale
precipitation and (b) convective-scale precipitatio

Frontal/synoptic-scale precipitation generally esisfrom the passage of extratropical cyclones
(typically driven by a strong North Atlantic je@nd can affect large areas, perhaps with a time lag
between the rainfall occurrence and the floodinige Tlooding is often fluvial in origin (i.e. rivers
bursting their banks). Precipitation can be heuy may not be extreme sensu stricto. It may howeve
be sustained over many hours or indeed days, lgadlilarge totals over time — particularly if mplg
extratropical cyclones occur in rapid successiad/ar if the ground is already saturated.

Convective-scale precipitation arises from storrasuaring at a smaller scale, with the associated
rainfall occurring over a shorter time, and beisgexially heavy or even extreme. Flash floodingroft
results from this, i.e. with a much shorter timg lteetween the rainfall occurrence and the floodiige
rainfall cannot be absorbed by the ground (perit#gsuse of impermeable geology, or urban land-
use) and the result is rapid surface runoff. Thea aaffected is typically rather localised but the
concentration of rainfall (and subsequent runoffyrinall areas can have devastating impacts.

3.2.3.1.3 Added value of global high resolution

For type (a), it is envisaged that PRIMAVERA wik bble to add significant value, as these are4arge
scale events and one would expect that the refgeggenof the relevant processes/phenomena (e.g.
North Atlantic storm track) will be improved at higr spatial resolution. The higher temporal resmtut

at which precipitation data will be available valso be a better match to the requests from ustis,

are keen to obtain better-than-daily resolutioradat

Of additional interest is the potential for thegstems to stagnate over a particular area, yielding
particularly severe flooding impacts there. A geeahechanistic understanding of this phenomenon
could be supported by PRIMAVERA.
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For type (b), the possible value added by PRIMAVERANot yet clear. Even in the Stream 2
simulations, the resolution attained will not beeection-resolving. However, the enhanced temporal
resolution of the simulations may still provide fuséenformation.

3.2.3.1.4 Knowledge utilisation

There are two possible routes here. For the matenieal user, data can be provided, though most
likely for a limited geographic area to keep theesinanageable. It is not yet clear what processing
should be conducted on these data before the tedhuser may receive them.

For the less technical users (of whom there areenmothis sector), it will be more helpful to prdei
processed outputs, such as:

» Maps of change between past and future rainfall
» Statistics of occurrence of particular rainfall ddions
» Event sets or mapped scenarios of very wet weather

Some of these materials could be supplied via 1Re kéported via workshop(s) with interested partie
or provided in written report form. As stated abowerative discussions with users will be needed t
optimise what will be provided.

3.2.3.2 Use case 2: managing wind hazards

High winds can disrupt the operation of airportsgds, railways and ports. However, the nature of
future wind hazard is not well known from the cutrgeneration of models: any possible climate
change “signal” which may be present is usually dedhby the “noise” of natural variability.

It can therefore be more prudent to look at thesturhazard posed by wind, by exploring the natural
variability aspect. Understanding this better aapriove existing weather management strategies.

3.2.3.2.1 Data needs
For this use case, the primary variable is wincedpgnd wind gust speed, but wind direction would
also be useful. The spatial and temporal resolgiauld be as high as possible.

Relevant indices would likely be related to a gidecision-making threshold (e.g. “when wind speeds
exceeds x km/h, take action y”). Some comparisowiofl climatology in reality and in the models
would need to be undertaken, for bias correctiasers. Potentially useful indices could include:

* Number of days / n-hour periods with wind speedseering a given value / percentile per
year/season

*  Windy spell duration (e.g. number of n-day periaith mean/maximum wind speed exceeding
the x-th percentile per year/season)

» Spatial extent of windy conditions (e.g. % of Ewrap land gridboxes with mean/maximum
wind speed exceeding the x-th percentile per yeas(:)
» This could also be defined in terms of user-relé@aeas, such as aviation sectors

* Changes (future vs baseline) in wind climatolodig. prevailing wind direction) at specific
locations

Information in the vertical is also desired by &wia users, but it is not known whether this wid b
available from PRIMAVERA models.

Measures of the intensity of extratropical cyclosbeuld also be considered (as for the insuranee us
case in Section 4.3.3).

Finally, some of the WP5 simulations could be uskfre, if they allow the presentation of wind
scenarios which relate to the phase of particulades of variability (e.g. NAO, AMO).
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3.2.3.2.2 Process description
Broadly speaking, high winds over Europe arise assalt of (a) extratropical cyclones, (b) local
(sometimes seasonal) winds, and (c) transient errsthle features such as squalls and tornadoes.

The contrast between (a) and (c) (spatial scalatidm of events) is similar to that discussed a&bfov
precipitation in Section 4.2.3.1.2 above. (a) hesrbdiscussed by many users, often using the term
windstorm, depression, or low-pressure system. pkasof (c) were discussed only by one user from
the marine sector.

In the case of (b), to date, these winds have een ldiscussed explicitly by users. However, theze a
several relevant local winds in Europe, includirggeb(Adriatic region) and mistral (France). These
winds affect particular regions of Europe, anddme cases are seasonal. Their existence relates to
common presence of particular synoptic-scale feataver different parts of Europe. For example, the
mistral occurs when high pressure sits over the@®jscay and low pressure over the Gulf of Genoa.

3.2.3.2.3 Added value of global high resolution
For (a), see the analogous description for preatipit in Section 4.2.3.1.3.

For (b), it is possible that PRIMAVERA could addlue, if the enhanced resolution results in the
relevant synoptic-scale features being better sgmted in the models.

For (c), it is unlikely that PRIMAVERA could add ki, as these smaller-scale features will not be
resolved even by the Stream 2 models.

3.2.3.2.4 Knowledge utilisation
As before, what can be provided to users will delsean their level of technical capability. For tess
technical user, processed outputs could include:

» An exploration of natural variability in relation tvinds — e.g. wind scenarios under particular
phases of modes of variability like AMO and NAOdtiyh the concept of modes of variability
may need to be explained for some)

* Changes to wind speed threshold exceedance

* Changes to wind direction

» Extratropical cyclone footprints (see Section 4.3.3

Again, the UIP could be used for initial dissemioat or workshops could be used to allow iterative
feedback between PRIMAVERA scientists and the ealéwusers. Reports could also be provided.

3.2.8.3 Use case 3: transport operations during hot weather

High temperatures were largely discussed by aviadind land transport users; however, they are of
wider relevance to transport in general, becausge ¢ian put at risk the wellbeing of passengers and
staff. In addition, temperature is one of the Istgtied aspects of future climate change, enhancing
people’s awareness of the impacts of extremeswbeeature (both high and low).

The urban heat island results in higher exposutkischazard for the urban transport network: sybwa
systems are known to become extremely hot evemglaridinary summer conditions in some cities.
The exposure is further increased by the high aanagons of people in urban areas.

Many transport organisations have heatwave managguans (see example in Figure 1) and some of
these contain particular temperature thresholdsafiion. Alternatively, there may be heatwave
definitions that are applied regardless of themd@.g. in the Netherlands, a heat wave is detlére
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the maximum temperature at KNMI in De Bilt exce28S8C for at least five days, and on three of those

days it exceeds 30°C).

MATERIEL INFRASTRUCTURE

CLIENTS

* Au-dela de 35° C, le programme
SNCF Assistance est adapté.

« Diffusion d'une alerte météo

sur tous les canaux d'information
Voyageurs (écrans, affichage en
gare, sur Intemet, mobile, VSC...)

et des impacts éventuels sur le trafic.

* Les chefs de bord transmettent
des messages dans les trains.

* Le dispositif Distribbar est

mis en place au bout d'une
heure de retard si la climatisation
est en panne, et 3 partir de

ji2

* Remise de dépliants pour
voyager dans de bonnes
conditions (hydratation...).

* Conseils de bienveillance
envers les personnes sensibles
(enfants, seniors...).

* En cas de fortes perturbations,
I'approvisionnement en

eau et une prise en charge

en gare sont organisés.

* Des gares pivots, dotées de
stocks d'eau, et des Volontaires
de linformation sont désignés.

) +2h &

v

i

O

* Avant I'été, lancement des
opérations de maintenance :
vérification des équipements

de climatisation et des compresseurs
de production d'air ; nettoyage

des zones techniques...

* Des astreintes sont mises en place
dans les technicentres des régions
les plus exposées pendant la canicule.

« Au technicentre de Charente-Périgord,
60 agents sont spécialisés dans les
problémes de climatisation des trains.
Six d’entre eux assurent la hotline.

* Basés au technicentre sud-est européen,

v

* Les brigades Voies retendent
les poids des caténaires pour

la bonne amentation des c3bles
électriques (lire ci-dessous).

 Dans chaque région, un schéma
directeur de maftrise de la
végétation, prévoyant les
campagnes de débroussaillage,
d'élagage et de désherbage,
est établi.

 Une limitation de vitesse
est appliquée en cas
de déformation de voie.

22 opérateurs du pole d'assistance
matériel aux chefs de bord facilitent
les dépannages en ligne. Il recoivent

jusqu'a 1000 appels par mois en &té,
Figure 1. SNCF's “plan canicule et fortes chaleurgheatwave management plan), covering
customers, equipment and infrastructure. Sourcetp:Mivww.sncf.com/fr/Presse/fil-info/plan-

canicule/09062017

deux heures de retard dans
les autres cas.

3.2.8.3.1 Data needs

Temperature is the key variable here — daily maxrinand ideally sub-daily variation, would be of
interest. Daily minimum temperature is indirectiygortant, from a health point of view (high oveintig
temperatures further exacerbate heat stress, asothecannot recover from the high temperatures
experienced during the day), and for infrastruct(eey. overheated infrastructure may not cool
sufficiently overnight).

Relevant indices would likely be related to a giwitision-making threshold. Some comparison of
temperature climatology in reality and in the maedebuld need to be undertaken, for bias correction
reasons. Potentially useful indices include:

* Number of days / n-hour periods with temperatureeeding a given value / percentile per
year/season (thresholds could be tailored to naltipnsed values or values found in specific
weather management plans)

» Heatwave duration (e.g. number of n-day periodbs miaximum temperature exceeding the x-
th percentile per year/season — perhaps alsoeatérig with minimum temperature data)

» Spatial extent of heatwave conditions (e.g. % ofopaan land gridboxes with maximum
temperature exceeding the x-th percentile per geasbn)
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3.2.8.3.2 Process description

Anticyclonic (high-pressure) conditions over Eurapeally result in warmer weather in summer. They
are typically associated with calm conditions (s&ré is no wind to provide a cooling effect), arithw
relatively little clouds (allowing the land to beettly heated by the sun). Additionally, the ciation
pattern can drag already-warm tropical contineabainorthwards. All of these things contribute to
elevated temperatures experienced at the surfasenddthe European heatwave of 2003 a high-
pressure area was present over much of Westermp&uwwhile in the 2006 European heatwave, the
high was located over Northern Europe. As a retludt,affected countries were slightly different in
each case.

Dry soils can also amplify the surface warmingstivias a factor in the 2003 heatwave (Fischer et al.
2007).

Anticyclones are commonly called “blocking highs' they “block” the more usual passage of low-
pressure systems associated with the North Atlaiaion track.

3.2.8.3.3 Added value of global high resolution

There is evidence that increased horizontal resolimnproves the representation of blocking in eim
models, though studies over Europe have largelysied on the winter season (e.g. Berckmans et al.
2013). Additionally, the higher resolution (bothaipl and temporal) should allow for more realistic
representation of extreme temperatures — assuregepresentation of the underlying processes is
sufficiently enhanced with respect to pre-PRIMAVER®dels.

3.2.8.3.4 Knowledge utilisation
As before, what can be provided to users will ddpamtheir level of technical capability. For tlesd
technical user, processed outputs could include:

 Changes to temperature threshold exceedance (nfgpgelted), perhaps translated into
locally-relevant information
» This would require knowledge of the locally-relevdhresholds of relevance, e.g. at a
national / regional scale (like those quoted ferfetherlands above), or within a particular
transport subsector
» Changes to spatial extent / duration of heatwawegpped) and a comparison with similar
metrics in pre-PRIMAVERA models

As before, the main methods for dissemination coeldeports, graphs/maps via the UIP, or workshop
discussions.

3.3. Finance and insurance

3.3.1 Sector characterisation

Extreme weather events are a major source of iddasses across the globe. Insurers (and re-irssurer
who provide insurance for primary insurers) aredf@e vulnerable to having to make huge pay-outs
when such an event occurs. They need to be confidainthey have the capital to withstand such pay-
outs, and hence analysing the risk posed by extvesa¢her is a very important part of their work.

The participants for the interviews conducted foelilzerable 11.6 were from (re-)-insurance
companies, risk modelling/consultancy companiesciapsing in (re-)insurance clients, and one
regulatory organisation. Over Europe, by far tingdat concerns for the interviewees were wind ssorm
and flooding, since these are the highest lossriazapvered by property insurance policies. In,fact
according to the Swiss Re publication, Sigma (20&#ice 1970, six of the seven highest insurance
loss events over Europe were due to wind stormdlaading, with the highest loss event being wind
storm Vivian in February 1990 (loss of 14.5bn US2@16 index). The interviewees appeared to be
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more divided on the importance of the other weattzarards, although notable large insurance loss
events for landslips and frost were mentioned.

By understanding the risk posed by extreme weafre)jnsurance companies can be better informed
about how to price their policies and whethertise to take on new customers in certain areaerdke
interviewees also mentioned the European Solvemckedulation, that requires that insurance
companies hold enough capital to withstand thess$a 1 in 200 year event. For weather events suc
as those mentioned above, estimating the riskdamses requires a thorough knowledge of the long
term variability of the event, and how it may res@do climate change.

3.3.2 Added value of global high resolution

A common technique in the (re-)insurance indussncatastrophe modelling. In such models, the
insured losses due to a particular hazard are &stthby combining the hazard footprint (for example
a map of maximum gusts associated with a partieuladstorm), with the clients’ exposure and policy
data. The models can be run using a single evetyriat (e.g. a notable past event or plausiblesexé
future event), which can be useful for verifying tatastrophe model or understanding the vulnésabil
of the insurer, or an event set — a set of thousahdvent footprints — to estimate large retumaqoke
losses as required by Solvency Il.

Due to the lack of past observational data, evetrfostprints must be constructed either usingssiezal
models or climate model data. For European windr&o(which are associated with extra-tropical
cyclones, ETCs), often low spatial resolution clienaodels are currently used due to computing
constraints. These models tend to simulate ETCshwdrie too low in intensity, and a storm track vahic
is too zonal, meaning that the ETCs impact Eurapthér south than observed (Zappa et al, 2013).
Some higher resolution models, however, have baamdfto improve these biases. In addition, higher
resolution is expected to better resolve smallatesextreme features, such as sting jets or séihg |
precursors. The high resolution PRIMAVERA modeldl wierefore be very useful for providing a
basis for creating an event set, and improvingsasssents of the risk posed by ETCs.

Extreme frontal rainfall associated with ETCs cdspae a source of flooding, so in this respect
PRIMAVERA offers the same benefits for analysingéx scale flood risk as for wind storms. Another
source of flooding is convection, however, whicleade a spatial resolution of less than approximately
5 km to be resolved (Clark et al., 2016). Instéad]imate models researchers look at the largaliesc
atmospheric environments favourable to convectivarsgeneration, such as high convective available
potential energy (CAPE) (Diffenbaugh et al 2013jthAhe high resolution of PRIMAVERA models,

it is expected that the spatial variability of tegroxy measures will improve, giving a better
understanding of convective storm and flood risk.

3.3.3 Specific users and their requirements

As mentioned above, PRIMAVERA model data could beduto construct wind and flood event sets
for use in catastrophe modelling. The interviewses2 most concerned with present day risk, and by
combining the Stream 1 present day realizatioresethvill be hundreds of years of plausible present
day wind and flood events, complementing obsematiodata over this period. The current
observational data is insufficient for calculatiiogg return period losses. Some of the interviewees
mentioned that even having a set of only the tep@Dwind/flood footprints seen in the climate misde
would be useful for stress testing their catasteaplodels.

Since hazard footprints and event sets are cuyremibtly made by catastrophe modelling companies
who cannot publish their methods, a few interviews®ntioned that having an independent, fully
documented and transparent event set would bebesrgficial.

Other requests from the interviewees included uiegdata to study whether the perceived decrease
in extreme wind storms/southern shift in the sttmawk since the year 2000 is due to natural véiigbi

or climate change. A comparison between the muliileh present day and control simulations from
PRIMAVERA would help answer this question. Alsointierest was the correlation between extreme
rainfall and high wind speed in the models, anth@ishe data to look further into the statisticghef
temporal clustering of wind storms.
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The above questions relate to present day analysisyith regards to climate change the following
analyses were requested:

* A comparison of present day and future event satefae hazard footprints

* A comparison of future and present day hazard r@pgs of long return period, e.g. 50-200
year, wind/gust speeds and rainfall)

» Comparison of future and present day storm tracks

* One company mentioned a comparison of future apdemt day expected number of days
below -4 C which is relevant to pipe freezing

All the interviewees stated that any analysis peréad would have to be fully documented, and that
documentation on the PRIMAVERA models themselvadpiding information on their limitations and
assumptions, would be needed. Many interviewees rakntioned workshops would be useful, to
inform users about what information is availabld anwhat formats, and if necessary how to convert
between data formats. Overall, there was much eigbin for the information PRIMAVERA could
provide for the (re-)insurance industry, althouglill be essential to work closely with the indysto
ensure the analysis performed is usable for thaihtlzat they are aware of what information will be
available.

3.3.4 Use cases

3.3.4.1 Use case 1: Construction of wind storm even t sets

An event set is a large number of hazard footp(mizps of maximum intensity for a particular hazard
event), preferably containing enough footprintanderstand variability of the hazard over hundteds
thousands of years. The PRIMAVERA simulations canthined' for wind storm events to generate
such a database. The resulting event set can beagsaputs to insurers' catastrophe models, ds wel
as being useful for scientific studies such as tdreevent set characteristics (for example mean
intensity of events) change under future climataditions. It may also be possible to construchdlar
event set for flooding caused by large-scale (&mtinfall.

3.3.4.1.1 Data needs

For wind storms, a footprint is typically defined the maximum 3-s gust over a 72-hour period.
Maximum 10 m wind speed can also be used and cu/év 3-s gusts using statistical methods if
necessary. Maximum gust speeds/10 m wind speepstalily is the minimum requirement, although
6-hourly data is preferable. In order to identtig tstorms, a storm tracking algorithm must be agpli
to the data, which is being done under WP2.

For flooding, the resolution of PRIMAVERA models i®t yet high enough to be convection
permitting, but it may be possible to make an ewtfor flooding due to large scale precipitation.
Here daily (but preferably 6-hourly) accumulatedj&scale rainfall is required.

The resulting output will be a set of wind storméftl footprints, with each footprint being a smaital
file containing hazard intensity as a function o$ition, and the 'time' the event occurred wilbgbesn

in the metadata or file name. Event sets can bduged for present day and future climate.

3.3.4.1.2 Process description

European wind storms and large scale flooding inteviare caused by synoptic-scale low-pressure
systems known as extra-tropical cyclones (ETCs@yTarm by a process called cyclogenesis, growing
from instabilities in zones of strong temperatusatcast (baroclinic instabilities) where there igain
potential energy available (Seneviratne et al. 20M2e ETCs that affect Europe generally form bé t
east coast of the USA and travel eastwards aloadNtirth Atlantic storm track. Intensification of
ETCs can take place through latent heat releasegdilreir journey (Willison et al 2013). Modelsar
required to realistically simulate cyclogenesis #mel path of the storm track, as well as simulating
realistic wind/gust speeds and rainfall associatild each cyclone.
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3.3.4.1.3 Added value of high resolution

As mentioned in section 4.3.1, high resolution nedee better able to simulate the location of the
north Atlantic storm track. In addition, the frequeg and timing of events must be well simulated. Fo
this, processes such as blocking (which can changeent ETCs reaching Europe) must be well
captured, and it is known that this improves wibalution (see Section 3.2). In terms of ETC irtgns
high resolution is necessary to resolve the me$méeatures that are associated intense precgmtati
and latent heat release which act to intensifycffodones (Willison et al 2013).

3.3.4.1.4 Knowledge utilisation

Ideally the event sets can be shared with insuraagganies for input into their catastrophe models,
to allow a full assessment of the insured losses@rd from storms in the PRIMAVERA models. As
data volumes are not expected to be too largecthkl possibly be done via the PRIMAVERA UIP.
If it is not possible to share all the data, evearimg the top 100 most severe events (for presmaht
future climate) would be useful for insurers t@sttest their models. Alternatively, the evert setild

be shared with selected (re-)insurance companieswauld be willing to test the data and share the
results from their catastrophe models, and jointiige a report/fact sheet to be made availablehen t
UIP.

Summary statistics and scientific findings from #went sets (such as whether footprint intenstres
areas are expected to change in the future, or @esoms of PRIMAVERA event footprints to
observational ones) can be presented on the WHEreis a webpage or downloadable report.

Many (re-)insurance users expressed interest @naittg workshops or webinars, which would be
useful for raising awareness of the event setdafh sharing is permitted), or the results.

3.3.4.2 Use case 2: Comparison of present day and f  uture extra-tropical cyclones
In this use case we plan to compare several piepeast extra-tropical cyclones in present day and
future climate. Properties compared could include:

1. The mean location of the North Atlantic storm track

2. The distribution of cyclone intensity over variolecations in Europe, as measured by
maximum winds, maximum vorticity and minimum meaa $evel pressure.

3. Temporal clustering of ETCs.

4. Large-scale rainfall associated with ETCs.

5. Maps of long return period (50-200yr) maximum wamkeds/gusts and accumulated rainfall
(hazard maps).

6.

3.3.4.2.1 Data needs

Items 1-4 above all require storm tracks to be tiled within the models. As part of WP2 of
PRIMAVERA, all models will be tracked using the TRK algorithm (Hodges 1995) TRACK
requires a minimum of 12 hourly U and V wind comeots at 850hPa, but 6 hourly data is preferable.
For items 2 and 4, 6 or 12 hourly mean sea levesgure, accumulated large scale rainfall and
mean/maximum/instantaneous winds at the surfaadaw pressure level such as 925hPa are required.
For item 5, it is preferable to have maximum 6 hoto daily wind speeds.

3.3.4.2.2 Process description
See Section 3.1.3.1.2.

3.3.4.2.3 Added value of global high resolution
See Section 3.1.3.1.3.
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3.3.4.2.4 Knowledge utilisation

The results can be written up as a report/factshegimade available through the PRIMAVERA UIP.
The hazard maps can be shown on the UIP, althaugil be desirable for the industry to access the
actual data values behind the images. As in 4.3.3dlvareness of these new results could be raised
through webinars/workshops.

3.4 Sector: Agriculture

3.4.1 Sector characterisation and impact of climate change

Agricultural production is intimately linked witheteorological conditions, and therefore with thatest

of the climate system. Growth of plants dependstemperature, radiation, water availability

(precipitation), and evapotranspiration (humidityind speed, temperature, and radiation). Climatic
change has demonstratively affected crop produdtioseveral regions of the world over the past
decades. Also, non-physical elements of agricdltpraduction are potentially affected by climate

change, including food prices and food access.

Climate change will impact food production directiyough, for instance, rising temperatures and
increased atmospheric moisture demand, changesetipftation, increasing atmospheric carbon
dioxide concentration, and flooding of coastaliger plains. Different measures of temperature have
been linked to crop yields and quality, includingthdaytime temperatures, unusually hot nights, and
frost. Also, in many regions climate change is expe to increase the interannual variability ofpcro
yields through the year-to-year variability in ppgtation, extreme temperatures, and other extreme
meteorological events that may harm the yields (ead or excessive rainfall). Furthermore, thetsos
and benefits of climate change on food productiom strongly latitude dependent. Low-latitude
countries will likely experience a negative impantcrop production, while in some northern coustrie
the climate change impact on crop production mighpositive due to the higher temperatures. This
will increase the potential growing season, althosgme crop types may have shorter actual growing
seasons due to the higher temperatures.

3.4.2 Specific users and their requirements

Policy makers at the national, European or intéonat level may be interested in the impact of elien
change on agriculture. They could ask questionk asc Which regions are affected more or less by
climate change? What is the potential impact ohate change on production of specific crops and how
may this affect food security in Europe?

Specific companies (agricultural production, finiagc etc.) may be interested more specifically in
guestions such as: When turn conditions for a §ipemop/cultivar unsuitable and when should other
crops/cultivars be considered? Is it profitablenmve production to another region, and for how fong
What are the risks of extremes and will they changmstantially in the near future? Which regionk wi
become suitable for a certain crop/cultivar withmeltic change? What is the chance of consecutive
years with adverse conditions for crop productiod @ill this change in the future?

Within PRIMAVERA, we aim to collaborate with resehrgroups that work on the impacts of climate
change on agriculture and food security. They oftave regular contact with interest groups of e.qg.
farmers and they know the type of information tisadf interest to users. Also, the spatial scdias t
are used in those studies are comparable to tpetaftthe PRIMAVERA high-resolution simulations.
In this way, we expect that our understanding efithpacts of future climate change on agriculture
and food security can be improved, which could halke the agricultural sector more resilient to
climate change.
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3.4.3 Use cases

3.4.3.1 Use case: Impact of heat waves and droughts  on crop production

The first use case focuses on central Europeanwaats and droughts in a warmer climate and their
effects on crop yields. The goal is to provide aspective on what high-resolution climate models
might add to existing CMIP5-based climate chandermation. The information is targeted to be
relevant for assessment of impacts of heat wawesliaughts on crop loss. Specifically, heat wawt an
drought intensity, duration, spatial extent, aretjfrency will be focused on.

This use case describes the added value of ugyhgresolution (typical grid spacing of 0.25 degjees
Global Climate Models over the earlier CMIP5 modelsich had a considerably lower spatial
resolution. Because of the global character ofelmadels, the expectation is that large-scale featu
in the atmospheric circulation, like persistentdiiogs, are modelled more robustly and trustworthy.
The feedback between soils and atmosphere, tyfiicahe development of the more extreme heat
waves, should be modelled more realistically ad.waAl brief summary of the mechanism involved
which leads to a (mega) heat wave and related ttosigiven and the expectation of the added-value
of high-resolution modelling is formulated in par4.3.1.2 and 4.4.3.1.3.

The final use case report focusses on climate @sditat capture the impact of heat waves and dtsugh
on the agricultural sector in central Europe andlinclude a selection of the following options:

» For the Netherlands a large number of climate eslis developed for a large number of crops
that give an indication of the vulnerability of psoto climate. The indices take into account the
relevant climate variables but also the timing fsranay be more vulnerable to high
temperatures during flowering than during othepatages). There are indices that are related
to high temperatures but also to drought (whiabftisn combined with heat). We are not aware
of the availability of these indices for other m@ys in Europe, so this would be a use case for
the Netherlands only.

* The exceedance of specific threshold temperatores.d. wheat growth could be investigated
for a wider region. The following article mentiotisat temperatures above 40C are harmful
(Igbal et al, 2017), but more specific information thresholds for specific cultivars can
probably be obtained from the impact researchers.

e More general indices for heat and drought in the A&DO database
(http://www.ecad.eu/indicesextremes/indicesdictignanp#3) can be used, but they are less
focused on crop production. The following indices most relevant for agriculture: maximum
number of consecutive dry days (CDD), potentialpeweanspiration (PET; is also clearly
higher when temperature and radiation are cleaijhen), and maybe also one of the
standardized precipitation indexes. However, tireycamputed over rather long periods and
therefore probably less connected to heat. Indiefmed by the ECCI/CLIVAR/JCOMM
Expert Team on Climate Change Detection and IndEGCCD) are also included in this
database.

» For agricultural production it is also importantéok at the timing within the year of the heat
or drought stress. This timing is included alreadthe indices mentioned under bullet 1, but
it can be included also easily in the use caserundaget 2.

* With the above indices it would be interestingrivastigate the length of the heat period, the
spatial extend , the intensity and the frequenaoy, ia can be investigated whether the high
resolution modelling will give added value/diffetgmojections.

3.4.3.1.1 Data needs

The growth of plants depends on temperature, iadiatvater availability (precipitation), and
evapotranspiration (humidity, wind speed, tempeetand radiation) which are provided by the
climate models at sufficiently high temporal resian. Simulations of the set of models provided to
the Primavera project are used for this studynfddels span the period 1950-2050, using the histori
forcing to 2015, and future forcings similar to REP4.5 scenario to 2050.
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For the models at the two resolutions, the providithbles include near surface (2m) daily maximum
and minimum temperature, humidity, incoming surfagkar and infrared radiation, near surface (10m)
wind speed, solid and liquid precipitation, andl sopisture. The variables are used to analyse
mechanisms underlying heat extremes and to praglaied indices relevant for agriculture. Present-
day simulations will be validated with precipitatiand observations of near-surface air temperature
the ECA&D dataset.

3.4.3.1.2 Process description

A heat wave is usually described as a period obabally and uncomfortably hot weather. Its defuoniti

is dependent on the background climate and thereémion-specific. The atmospheric circulation has
a strong role in the onset and the perpetuatioa loéat wave. As summertime weather patterns are
generally slower to change than in winter, heatasasan develop by advecting warm air northward to
usually cooler regions. Alternatively, a heat e@vtriggered by an upper level high pressureesyst

in the atmosphere which is stagnant or moves sloWhder high pressure, the air subsides (sinks)
toward the surface, warming and drying adiabaticalhis warmer sinking air creates a high level
inversion that acts as a dome capping the atmosphhkrder the cloudless skies that go with this
phenomenon, convection is inhibited (preventingliogoof the earth surface) and trapping warm air
below it. The strong radiation and the lack of raiake that the soils are depleted from moisturekdyui
Once the soils start to dry, the heat balance (gviremoming solar radiation is balanced mostly by
outgoing latent) shifts to one where the solaratholn is balanced by the sensible heat flux. Tdti®f

flux relates directly to the temperature of thetleaurface and a balance sets-in only after thiasair
temperature has sufficiently increased. The esadltres a continual build-up of heat at the surfta
people experience as a heat wave. The record-bige&Kil0 Russian heat wave was related to this
mechanism.

3.4.3.1.3 Added value of global high resolution

As the large-scale atmospheric circulation is legdin setting-up a heat wave, a correct representat
of the large-scale atmospheric circulation is refgvor a realistic estimate of changes in heatevav
occurrence and duration. Especially for the scedablocking events which are associated with the
slow moving or stagnant high-pressure systems whiclvide the persistently dry, hot and sunny
weather leading to the heat wave. The onset (amnurtation) of blocking events are controlled by
complex processes in the atmosphere and the etipadsthat a high-resolution model is better able
to represent these processes, which suggestsigiatdsolution models may provide other estimates
of the frequency and persistence of blocking e@mtcomparison with low-resolution models. In
addition, processes like the interaction betweensitils and the atmosphere typically have spatial
scales that are smaller than the size of the grid Bor these processes, we expect smaller gréd siz
(~high-resolution) to provide more realistic estiesa

3.4.3.1.4 Knowledge utilisation
A report describing the data, the methods for gataluction, and results with conclusions will be
provided to the agricultural users through the Briema web site (https://www.primavera-h2020.eu/).

3.5. Sector: Health

3.5.1 Sector characterisations

Health is one of the basic human needs. Accordirthe World Health Organization, climate change
may bring certain benefits to temperate climatashsas less deaths related to cold temperatures in
winter, but the net effect is likely to be negatfVéHO/WMO, 2012). Climate change affects the social
and environmental determinants of health whichclean air, safe drinking water, sufficient fooddan
secure shelter.
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Extreme heat: Very high temperatures are related to a increasedality by cardiovascular and
respiratory diseases, especially among vulnerablaulption like elderly people. A well-known
example are the 70000 excess deaths recorded diner203 heatwave in Europe. Urban heat islands
are a factor in many urban settlements: tempemtueasured in- and outside urban areas can vary by
several degrees. This effect is highest duringhtgbts. Extreme high temperatures also affect the a
quality by increasing the levels of ozone and offwdiutants. Pollen and other aeroallergen effesid

also to be higher in extreme heat conditions, amdtdgger asthma.

Natural disastersand variationsin rainfall patterns: Though the future changes of rainfall patterns
are uncertain, they are very likely to affect tlup@y of fresh water in several regions. The latk o
clean water may favor the risk of diarrhoeal disedis extreme cases the lack of rainfall may lead t
drought and famine. Sea level rise poses alsotthtedhe population living close to the sea. wvesal
regions, flood intensity and/or frequency may aisorease, threatening freshwater supplies and
increasing the risk of spreading of infectious dfss.

Infectious diseases: As the world warms, the transmission and actigéggisons of several diseases are

likely to lengthen, and also their geographic rangas includes Anopheles and Aedes mosquitoes

transmitting malaria and dengue. Waterborne diseasealso a threat in areas where water supply and
security is to be affected by eventual drought.

3.5.2 Specific users and their requirements

Policy makers at the national, European or intéonat level may be interested in the relation befwe
climate change and health. They could ask questiocls as: Which regions are affected more or less
by climate change? What is the potential impadtliofiate change on outdoor activities for leisure or
employment? Which existing diseases will extendrtrenge to areas that are currently unaffected?
What is the adaptive capacity of certain regiordeumigh levels of warming? What changes in housing
and infrastructure should be made to adapt to tdrohange?

Specific organizations, such as health agenciemmpanies, may be interested more specifically in
guestions such as: What are the risks of extremésvill they change substantially in the nearrfertu
Where and when will temperature exceed citizeniafoot? Which temperature thresholds are likely
to change human behaviour?

Within PRIMAVERA, we aim to collaborate with reseh groups that work on the impacts of climate
change on health. Research groups typically haperence with the type of information that is of
interest to users, such as local health agenaiethid way, we expect that our understanding of the
impacts of future climate change on health camigroved, which would make the health sector more
resilient to climate change.

3.5.3 Use cases

3.5.3.1 Use case: future changes in heat waves

The first use case focuses on European heat wangegarmer climate and their effects on health. The
goal is to provide a perspective on what high-ngsmh climate models might add to existing CMIP5-
based climate change information. The informatstiaigeted to a be relevant for assessment of is\pac
of heat on health (heat stress, mortality, or sbingtsimilar). Specifically, heat wave intensity,
duration, spatial extent, and frequency will beufsed on.

This use case describes the added value of ugjhgrésolution (typical grid spacing of 0.25°). Ghbb
Climate Models over the earlier CMIP5 models whidd a considerably lower spatial resolution.
Because of the global character of these modetsexpectation is that large-scale features in the
atmospheric circulation, like persistent blockingse modelled more robustly and trustworthy. The
feedback between soils and atmosphere, typicdhtodevelopment of the more extreme heat waves,
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should be modelled more realistically as well. Tigport focusses on the impact of heat waves on
health in Europe. A brief summary of the mechaniswolved which lead to a (mega) heat wave is
given and the expectation of the added-value df-nggolution modelling is formulated in par. 4.3.2.
and 4.5.3.1.3.

For the use cases the following options are aviailab

* Inthe ECA&D database the several indices are roeeatl for heat. The following are probably
the most interesting for looking at human heatsstréropical nights (TR), maximum yearly
maximum temperature (TXx), maximum number of confge summer days (CSU).
Furthermore, the number of tropical days (days Withax of 30°C or more) and maybe also
the Cooling Degree days (cumulative degrees aba@estain temperature; as a measure above
which cooling is required/where people get heatssly could be added. (indices defined by the
ECCI/CLIVAR/JCOMM Expert Team on Climate Change &#ion and Indices (ETCCD) are
also included in this database).

* Related to health is the Tourism Comfort index.sTisia variable that is a combination of at
least temperature and humidity (and sometimes m@tegnges in this index in several regions,
and especially the frequency of uncomfortably higmperatures and the length of these
periods in different regions of Europe could besgtigated (Dubois et al., 2016).

* With the above indices it would be interestingrieastigate the length of the heat period, the
spatial extend , the intensity and the frequenaoy, ia can be investigated whether the high
resolution modelling will give added value/diffetgmojections.

3.5.3.1.1 Data needs

To determine the impact of heat on health, inforombn maximum and minimum temperatures is
needed. However the impact of high temperaturetsts affected by humidity, the exposure to direct
radiation and wind. High temperature with low huityicand a lot of wind, causes less heat stress than
the same high temperatures combined with high hityréeshd/or hardly any wind. Simulations of the
set of models provided to the Primavera projectused for this study. All models span the period
1950-2050, using the historic forcing to 2012, &tdre forcings defined by the RCP4.5 scenario (or
similar) to 2050.

For the models at the two resolutions, the provigathbles include near surface (2m), daily maximum
and minimum temperature, and humidity, incomingaste solar and infrared radiation, near surface
(10m) wind speed, and solid and liquid precipitatidhe variables will be used to produce indices of
extremes relevant for health and related to hes¢ @bove). These indices are defined by the
ECCI/CLIVAR/JCOMM Expert Team on Climate Change &=ton and Indices (ETCCD)

3.5.3.1.2 Process description
See Section 4.3.3.1.3.

3.5.3.1.3 Added value of global high resolution
See Section 4.3.3.1.3.

3.5.3.1.4 Knowledge utilisation

A report describing the data, the methods for gataluction, and results with conclusions will be
provided to the health users through the Primawesiasite (https://www.primavera-h2020.eu/). This
report will include projections for future changasl related uncertainties.
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3.6 Sector: Water

3.6.1 Sector characterisations

The hydrological sector is sensitive to many défeérmeteorological conditions in many different way
which could be divided in the following groups: Resce allocation, Risk management, Ecological
status, and Water related industry.

Resource allocation deals mainly with water avdilgb The important factors are the long term
changes and variability of temperature, precimtatievaporation, and snow amount. A changing
climate increases the need for water management.

Risk management deals with flash-floods and extrévee floods. For evaluation, rainfall time series
are useful. These in combination with projectiohBiture precipitation changes (especially extremes
can be used to calculate the risk of flooding. faer flows there is also a need for estimatesvadrr
discharge.

Ecological status is both biological status andewgtality. Important factors are lake temperature
stratification, ice cover, and precipitation. Lakedels are used to calculate nutrient flow, sicatifon
etc.

Water related industries could be as diverse agsiniés with a large need of water, hydro power
production and the drinking water itself. Importéattors are mean and extreme precipitation ang sno
cover.

3.6.2 Specific users and their requirements

Hydro power companies are interested in the changaverage precipitation, but also how the
precipitation dynamics over a year may change. &ample, if the precipitation is distributed
differently over the year in can have an impacthonv hydro power dams are filled, even if the
accumulated annual precipitation is the same. Me@perature is also of importance since the length
of the snow season and timing of snow melt effeetier reservoirs.

Regarding water security, long term changes inageprecipitation are interesting since it affe¢lses
availability of water, in wet as well as dry persodExtreme precipitation is also interesting since
compromised water security often is connectedaoding.

Water managers are especially interested in extygeapitation, both on shorter scale (hours) and
longer (days to weeks). A typical question is “hewnerable is a region to flash floods and rising
stream flows?”

3.6.3 Use cases

3.6.3.1 Use case 1: Extreme precipitation

Extreme precipitation affects many parts of socigyg. urban flooding and agriculture). Extreme
precipitation is also something that we know wilhage in a different way than the mean precipitatio
(Collins et al., 2013) and something that we knswighly dependent on model resolution (e.g. Lind
et al. 2016). To be able to adapt to future chamgestreme precipitation we need models that can
capture these small scale features. The goalskdw if high resolution models better capture extre
precipitation and how high the resolution needbddo give new information compared to standard
resolution models; and also to investigate howesné precipitation will change in the future.

3.6.3.1.1 Data needs

We will need precipitation data with high temporesolution (preferably sub-daily). An interesting
index could be number of days with precipitatiooaba certain threshold, defined in mm or compared
to a certain percentile. All data is needed in b&iindard and high horizontal resolution, to enable
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comparisons. To compare resolutions data fromebent period is enough, for future changes data for
the future is also needed.

3.6.3.1.2 Process description

A well-known source of error for the simulation efecipitation in numerical models is the
parameterization of convection (e.g. Hohenegger atmvens 2013). Individual moist convective
updrafts and downdrafts have horizontal dimensionsthe order of 0.1-10km. Their role in
restabilizing the lower atmosphere through productf clouds and precipitation are critical for a
correct and physically sound representation of nexaand climate. In large-scale models with mesh-
grid sizes of 100 km the statistical effects ofveution on the grid scale are parameterized, breause

of this, the convection scheme usually strugglesdpture local and regional interactions (e.g.,
orographically forced convection in steep topogygds well as the detailed temporal evolution of
convection at sub-daily time scales (e.g. Dai 2006)

3.6.3.1.3 Added value of global high resolution

The added value of global high resolution is ndirely clear. It is clear that high horizontal regmn
adds value; in that sense there is a value of gligihal resolution. If the global model data is used
regional model of high resolution the added vakukess clear. It is clear however that the largdesc
precipitation in regional models to a large dedsegoverned by the general circulation of the dgyvi
global model (e.g. Kjellstrom et al., 2011). If thlwbal model by higher resolution has an improved
circulation it will be beneficial also for the regial simulation. This effect is more important éoge
scale precipitation, but could potentially alsceafflocal precipitation.

3.6.3.1.4 Knowledge utilisation

Results should be reported back to the users phras reports answering questions on how well
climate models represent extreme precipitationvainat the uncertainties are in model projections for
the future. Information should also be given aldew this is projected to change in the future. Some
data could also be delivered about precipitaticangles for the users to use themselves in their own
applications.

3.6.3.2 Use case 2. Seasonal precipitation dynamics

For fresh water management, hydro power and agureuamongst others, it is not only interesting to
know how the accumulated precipitation will chatge also if the distribution of precipitation over
the year and between years will change (i.e. iater intra annual variability). It is also inter@stito
know how much of the precipitation that falls aswnSometimes it is assumed that the mean value
changes, but that the variability remains the sahigjs not necessarily the case (e.g. Raisar$®)2
The goal is to answer questions about future ctaimgprecipitation dynamics.

3.6.3.2.1 Data needs
We will need daily precipitation and temperatureagéd possible also snow fall data. Interestingjdes
could be seven day precipitation amount, longespdriod.

3.6.3.2.2 Process description

European large scale precipitation is to a larggreke governed by the large scale atmospheric
circulation. At the same time there are large uagaties in how the general circulation will change
over the North Atlantic in the future and how thall affect Europe (e.g. Collins et al., 2013; Késa

et al., 2014).
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3.6.3.2.3 Added value of global high resolution

Itis clear that the large scale precipitationggional models to a large degree is governed bgeheral
circulation of the driving global model (e.g. Kglom et al., 2011). If the global model by higher
resolution has an improved circulation it will benficial for the simulated precipitation; also in
possible subsequent regional simulations.

3.6.3.2.4 Knowledge utilisation

Results should be reported back to the users ghmas reports answering questions on how
precipitation dynamics will change in the futurewhwell climate models represent precipitation and
what the uncertainties are in model projectiongHerfuture. Some data could also be deliveredtabou
precipitation changes for the users to use theraseivtheir own applications.
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