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Executive summary

The goal ofTask 2.1 Overview of existing climate information anetadata is to perform an
assessment of the status and capal@Btiof climate and weather forecasting related models, their potential
suitability and limitations in being utilized for assessing the climate related hazards on the operation of Cl at
different temporal and spatial scales.

Prediction of the atmospheric oditions in future time is classified by World Meteorological Organization
(WMO) according to the forecast range, as follows:

(1) Nowrcasting (02 hours description of weather parameters)

(2) Veryshort range forecasting (up to 12 hours description of weatheaipaters)

(3) Shortrange weather forecasting (272 hours description of weather parameters)

(4) Mediumrange weather forecasting (72 hour240 hours description of weather parameters)

(5) Extendedrange weather forecasting (10 day80 days, description of weadh parameters, usually
averaged and expressed as a departure from climate values for that period)

(6) Longrange forecasting (30 days2 years, description of averaged weather parameters expressed as
a departure from climate values)

(7) Climate forecasting (beyadn2 years, description of expected climate parameters due to climate
variability and expected future climate due to both natural and human influences)

Numerical weather prediction (NWP) models are used for predictions of atmospheric conditions from 0
hours to several months ahead, while climate models are used for prediaiwh projections of the
atmospheric conditions on longer forecast ranges. Nowadays, most NWP models and climate models are
increasingly becoming components of a singlecalted seamlessnodelling systems, whereby a single
model family can be used for prediction across a range of time scales (from weather forecasting to climate
change). In fact, all major NWP models in Europe have their counterparts in terms of the related climate
models,but vice versa is not necessarily valid.

This contribution also summarizes:
(1) observation and gridded environmental data availability,
(2) relevant climate models' and reanalysesdgucts.

In terms of regional climate model, results of the PRUDENCE, ENSERMBRESORDEX and MEIDRDEX
projects and initiatives are reviewed. Suggestion is given to use 12.5 km simulations available from the
EURGCORDEX initiative through the ESGF system for the purpose of GEREUE estimates concerning

the critical infrastucture and its sensitivity to possible climate change. The results of the -EQRDEX
project cover the entire Europe (enabling the consistent analysis of alIEOLE European case studies)
and typically cover period from 1971 up to 2100, where for tbeppse of the climate projections (starting

in December 2005) three emission and concentration scenarios are provided: RCP2.6, RCP4.5 and RCP8.5. Ir
addition, in order to estimate the skill of ELHRORDEX RCMs in reproducing specific observed weather and
dimate events, for each RCMs numerical experiments using boundary conditions from the EERIF
Interim reanalysis are available through the E&gBtem. In order to systemically explore various options
when using different climate and weather data, deling links between EURCORDEX regional climate
models and other climate data are suggested to be taken into account:

'ECMWE: European Centre for MedilRange Weather Forecasts
2ESGF: Earth System Grid Federation
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(1) EURECORDEX regional climate models are forced by the global climate models' simulations from
the CMIP5 initiative. Comparisons be®ve atmosphereocean coupled but lowesolution global
climate models and corresponding atmosphemy but highresolution regional climate models can be
made for the ELCIRCLE case studies.

(2) EURECORDEX regional climate models (RCMs) share some nmpdaliments with existing
European NWP models and systems. For the study of the impacts of historical extreme weather events,
NWP models enable higher spatial resolution (i.e., between 1 km and 10 km) needed for reproducing
more details for the relevant ents. At the same time, EURTGDRDEX RCMs are useful for examining
the impacts of londasting extreme conditions over larger areas. In case when exact historical events
are in focus, EUROORDEX RCMs forced by ECMWF reanalysis should be consideredy vdsk i
when statistics of historical and possible future extreme events are in focus, standard set of EURO
CORDEX RCMs forced by CMIP5 GCMs should be analysed.

(3) Statistical downscaling methods can be applied directly to the CMIP5 GCMs or their daidvnscale
EURGCORDEX RCM partners. These options will be examined for the case of eagblROROcase
study. The benefit of introducing the statistical downscaling step is by providing both spatial scale
refinement and bias adjustment/correction in some apiizas.

(4) The extensive use of the available observational datasets is advised in order to provide an estimate
of the skill of EURGORDEX RCMs in reproducing the historical climate over the areeaCOREUE case
studies.

(5) The dominant data format efirious climate and weather data is NetCDF. CIRP system will be able to
ingest data in the NetCDF format. For the purpose of some specific impact models where alternative
format of the input data may be needed, offline and online (e.g. through CIRP)adtmawagions are
suggested.

The second part of D2.1 includes the contributions fromTask 2.25econdary effect models and
metadata:

) For each parameter describing the components of the hydrological cycle (rainfall,
evaporation and evapotranspiration, rivevater level, river water speed, river discharge, water
content in ground water, soil water content, water content in snow and ice, temperature of the
surface water) and watershed information (2D and 3D information) definition, links with climate
change impcts, existing databases and access to them, and current limits and constraints are
reviewed andprepared for the purpose of D2.1.

(2) The physical factors that perform an important role in the process of soil erosion are
climate, topography and soil charadtgics. Climate change is expected to impact soils through
changes in both soil erosion and rainfall erosivity. Soil erosion is the actual loss of soil and can have
substantial impacts on the availability of nutrients and organic matter in soil, on ther didind
rainfall erosivity is a measure of the capacity of rainfall to cause erosion and is essentially a
function of the amount of rainfall and the intensity of rainfall. Storm events will give rise to
increased erosion, soil loss, and landslides. Maf¢he pollution and eroded soil will end up in the
coastal environment. High velocity floods may cause erosion/scouring of embankments, slopes,
levees, and building foundations. Overview of existing soil erosion models and datasets is
prepared

3) Overview ofprevious EU funded projects related to flood modelling and usually required
datasets is in preparation

(4) Wildfires represent a substantial threat to Southern European forests and ecosystems and
every year cause extensive losses to anthropic infrastructamelsvaluesTheoverviewof the fire
dangerevaluation forest fire propagation modelsnd forest firesin the contextof BJ-QRCLE are
made in D2.1
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In summary, D2.1 provides joined overview of both weatdwed climate based models and datasets, and

EUJRCLE relevant impact models and datasets. This will provide starting reference for the subsequent
analysis for specific ECIRCLE case studies.
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1 Introduction

Deliverable D2.Report on Typology of Climate Related Hazésd®sult of Task 2.10verview of
existing climate information and metadatnd Task 2.2Secondary effect models and metadafask 2.1
resulted in an asessment of the status and capabilities of climate and weather forecasting related models,
their potential suitability and limitations is being utilized for assessing the climate related hazards on the
operation of critical infrastructure at different tengpal and spatial scales. Different types of climate
information based on models are analysed (GCMs, RCMs, statistyceimically downscaled models, NWP
models, global and regional reanalyses) categorised and assessed. Task 2.2 made an assessment of the
climate information that will additionally be used to drive secondary effects models, that are inherently
linked to climate. These include hydraulic models and flood simulators, forest fire spreading models, and soil
erosion models. ECIRCLE is focused establishing a generic interoperability framework which will
provide these models initial driving conditions in a standardised manner.

The D2.1 (M20) deliverable will be followed by DReport on Climate related hazards information
collection mechanism@24), D2.3Tools for processing Climate Hazards Informatind D2.4EUCIRCLE
climate hazards metadata and standar@sirther work between partners in WRZimatic Data Capture and
Processingyill lead to the development of the consolidated frameworkthwthe main objective to establish
a standard on producing climate related parameters that impact the critical infrastructure (operations and
states), while aiming to expand current practices.

In summary, D2.1 provides a general overview of climate rimdtion that is needed for the EU
CIRCLE case studies and for the driving of the secondary hazard models in order to:

(1) suggest the existing databases and the data (model based and observational) related to the needs
of the EUCIRCLE case studies,

(2) decide thecollection approach of required climate variables according to access policy of the
selected databases,

(3) develop or apply the existing processing tools for itiéal processing of the data and the initial
processing of risk assessment according to thengxad hazard,

(4) make an overview of the climate and impact related metadata standards description for climate
informationthazards within the E.CIRCLE.

Within each chapter in D2.1, general introduction provides an overview of the specific topic, lead by the
relevant technical details at the level needed for the efficiemplementationwith the EUCIRCLE.
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2 Meteorological observations and gridded environmental data

2.1 Introduction

The main providers of in situ and satellite environmental data in Europe are ttomalmeteorological
services joined in EUMETNET, European Space Agency (ESA) and the European Organisation for the
Exploitation of Meteorological Satellites (EUMETSAT) (Tab. 1). There are several other organisations that
facilitate free and unrestricteégxchange of meteorological and other environmental data and information,
products and services in rear nearreal time on a global and European scale, like World Meteorological
Organisation (WMO), European Environmental Agency (EEA) and European f@emfiedium Range
Weather Forecast (ECMWF).

Table 1.1: Overview of the potential producers and providers of observations and gridded data.
Organisation / Project data access

1. National meteoroloaical WMGO-synop observations, www.ogimet.com
Services 9 EUMETNENational meteorological services
INSPIRE geoportal
2. EC INSPIRE INSPIRE geoportal
3. COPERNICUS httpE//wwv_v.copern|cgs.eu/ma|n/dataaccess
http://marine.copernicus.eu/
4, EUROAM/UERRA(link td httpE//www.euro4m.eu/datasets.html _
http://www.uerra.eu/outreach/dataand-products/dataservices.html
ESGF of EC/JRC) : -
http://www -pcmdi.linl.gov/
5. EC/JRC MARS/Agri4Ca httpsE//ec.europa.eu/!rc/en/mr_:lrs 3
Data Portal https://ec.europa.eu/jrc/en/scientifictools
http://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx?o=d
6. JRC/European Flood | https://www.efas.eu/
Awareness Syste (EFAS)
7. JRC/European Drought| http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
Observatory (EDO)
8. JRC/The Europedorest | http://forest.jrc.ec.europa.eu/effis/
Fire Information System
(EFFIS)
9. . http://www.metoffice.gov.uk/hadobs/hadex/index.html
Met Office Hadley Cenirg http://www.metoffice.gov.uk/hadobs/hadex/data/download.html
10. WorldClim http://www.worldclim.org/
11. EEA http://www.eea.europa.eu/dataand-maps/indicators/globabnd-european
temperature-l/assessment

2.2 National Meteorological Services

National meteorological services can be reached through EUMETNET and INSPIRE web pages. They
provide the mosdetailed data and service for their region, especially due to restricted data polices in most
of the European meteorological services.

2.3 INSPIRE geoportal

EC is enhancing access to European spatial data tidi8fAIRE geoportathat provide both access to
the metadata information and accesses to data. There are several spatial data theme of interest for the
project, like Atmospheric conditions or Meteorological Geographical Features and topic ¢etegbr
Climatology/Meteorology/Atmosphere. This is supposed to be a first insight into available spatial data and
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their providers in EU. Nevertheless, this source of information is still not unified for all countries and types
of data, depending on the eagement of the responsible data providers. Most of the meteorological data
are still available primary from responsible national meteorological services. This is related also with
different data policies of the European meteorological services.

2.4 Copernicus

Recent EU efforts are focused on the European Programme for the establishment of a European
capacity for Earth Observatigbopernicus, previously known as GMES (Global Monitoring for Environment
and Security).

Copernicus system for monitoring the Eartbllects data from multiple sources: earth observation
satellitesandin situsensors(ground stations, airborne and sémrne sensors). The data are processed and
users are provided with reliable and tip-date information. The services are related to environmental and
security issues. New Sentinel satellite, launched in April 20fi€r all data with free and open data policy,
that is predicted to be a breakthrough in the use of satellite data for specialised users, but also for the
general public.

The servicesaddress six thmatic areas: land, marine, atmosphere, climate change, emergency
management and security.

Data are available through the web portals operated by the various Copernicus service lines:

QD Landrelated data:http://land.copernicus.eUland cover, land use, settlements, DEM)

2) Atmosphererelated data:http://atmosphere.copernicus.eyair quality, atmospheric composition,
greenhouse gas)

3) Marine-related dda: http://marine.copernicus.eu (sea level, ocean temperature, currents,
chemistry, biology)

(4) Emergencyelated data: http://emergency.copernicugu (Rapid Mapping, Risk and Recovery
Mapping)

(5) Climate changeelated data:http://climate.copernicus.euin situ and satellitdbased observations,
re-analysis of the Earth climate and modelling suérs)

The Copernicus programme provides users with free, full and open access to environmental data. The
data can be obtained either from the Copernicus services or directly from the Copernicus satellites. No
registration is required for discovery and wieervices while registration free of charge is a prerequisite to
download Sentinel and other data.

For the Emergency Management service, data production can be requested only by "authorized users"
while the maps produced by the service are available end#rvice web portal and can be downloaded
without registering. Here is an example for the recent Ireland flood, (Fig. 1.1).
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Figure 1.1:Copernicus emergency management service, (EM8pping), Flood, Castleconnel, Ireland,
17.12.2015.

Besides Emergepaelated data, the second one important for the project is Climate change related
data. The service will give access to information for monitoring and predicting climate change that will
support adaptation and mitigation. The climate change service buifdsa in situ and satellitebased
observations, reanalysis of the Earth climate and modelling scenarios, based on a variety of climate
projections.

The service will provide access to several climate indicators (e.g. temperature increase, sea leel rise, i
sheet melting, warming up of the ocean) and climate indices (e.g. based on records of temperature,
precipitation, drought event) for both the identified climate drivers {C&hd the expected climate impacts
(e.g. reducing glaciers).

The implementatiorof the service started in November 2014, whit the European Commission signing a
Delegation Agreement with ECMWF (European Centre for Me8ange Weather Forecasts). The
implementation started with the "proof of concept”, meaning capacity building antingof the overall
architecture. The following will be a paperational stage, while it is expected that the operational capacity
will be reached during the third year of operations. Currently, average surface air temperature maps are
available based oeCMWF's ERAterim reanalysis, climate reanalysis is available from ERAS5 Climate
Reanalysis data and the current pramfconcept phase of the development of the seasonal forecast is
available.

We point out also to marine data from Copernicus data poviaiere e.g. observed ocean temperature,
salinity, heights and currents are available, together with forecasts. The catalogue is available in interactive
format and inpdf. This is potentially vempteresting for the Baltic Case Study 2.
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2.5 EURO4M/UERRA

The finished EURO4M project provided inventory of available observations, gridded products, satellite

climate products and reanalysis atip://www.euro 4m.eu/datasets.html

In the framework of success@lERRAyroject, the focus is on the availability of several Essential Climate

Variables (ECVs) as defined by the WMO/Global Climate Observing System (GCOS): aiutenip&jat
atmospheric pressure (SLP), wind speed and direction (WS and WD), relative humidity (RH), dew point
temperature (DP), precipitation (RR), snow depth (SD) and snowfall (FS).

There are several tools necessary for smooth processing and mainteobB6RO4M/UERRA datasets

listed below. Those tools are based on already existing technologies used forTo@@Hike datasets in
the past. However, many modifications have been necessaryakenthose tools fully compatible with
EURO4M/UERRA data.
(1) Data processing and archiving suite is timdlection of Shell/C/python codes for data processing
(retrieval, encoding, modifications, verification etc.) run under ECFLOW (ECMWEF task monitor
schedule).
(2) Data portal providesveb interface to MARS, meteorological data repository at ECMWEF, for easy
data access.
(3) ECMWF WEBPIprovides batch data access to data archived in MARS.
(4) METVIEW is theisualization and data handling software.
(5) ECMWF GRIBPI is theapplication program interface accessible from C, Fortran and Python
programs developed for encoding and decoding WMO GRIB edition 1 and edition 2 messages.
There are several observational and gridded data sets available through EURO4M data portal that we
consider more important (Table 1.2). A pilot and demonstration website for visualization of a selection of
EURO4M datasets is availableeato4mvis.knmi.nl

While EURO4M was mainly concerned with meteorologidadéervations and increasing their
availability, UERRA is a European reanalysis project of meteorological observations. It includes recovery of
historical (last century) data, estimating uncertainties in the reanalysis and user friendly data services. It
aims to prepare for and contribute to a future Copernicus climate change service. The data should be
available through ECMWMARS cataloguand Earth System Grieederationr ESGFOn ESGF are available
already several model intercomparison project outputs like CMIP5 outputs (details further in the report).
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Table 1.2: Datasetsf essential climate variables available from EURQXERRA project (based on http://www.euro4m.eu/datasets.html).

Essential Climate -- Datasets Res. Area Spatial Temporal Period Format
Variable Inst. Res. Res.
Precipitation 1 | Alpine precipitation grid MS European Alps and adjacent| 5 km daily 19712008 | NetCDF
<, % dataset (EURO4M flatland
» APGD)(D1.1)

Factsheet: Alpine Precipitation Grid Dataset.
Isotta, F.A. et al., 2013: The climate of daily
precipitation in the Alps: development and analysis of a n&golution grid dataset from paAlpine rainrgauge data. Int. J. Climatol., 34 (5), 18%75.

Atmospheric o European Climate KNMI European, North Africa and | point data | daily 1775 ASCII
surface vaables 4@ = Assessment & Dataset the Middle East present
Taass ECA&D).

Factsheet: Daily station dat&aCA&D (European Climate Assessment & Dataset).
Klein Tank, A.M.G. and CoauthorsQ20Daily
dataset of 20thcentury surface air temperature and precipitation series for the European Climate Assessment. Int. J. of Climatol.; 121531441

Air temperature, Updated and merged URV All countries bordering the | point data | daily 18501970 | ASCII
pressure, Mediterranean station Mediterranean Sea

precipitation dataset (D1.12, D1.13)

Factsheet: Merged climate dataset for the Mediterranean.

Air temperature, | & (r\ Py EOBS gridded dataset KNMI European, North Africa and | 25 km or | daily 1950 NetCDF
pressure, AP a (D1.4). the Middle East 50 km present

precipitation a0 1

Factsheet: $OBS gridded dataset (D1.4).
Haylock, M.R., N. Hofstra, A.M.G. Klein Tank, E.J. Klok, P.D. Jones and M. New. 2008: A Europearedaliytibinlaridded dataset of surface temperature and precipitation. J
Geophys. Res (Amwspheres), 113, D20119, doi:10.1029/2008JD10201

Besselaar, E.J.M. van den, M.R. Haylock, A.M.G. Kleie@hkvan der Schrier, A European Daily Hgblution Observational Gridded Data set of Sea Level Pressure J. Ge
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http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.meteoswiss.admin.ch/home/search.subpage.html/en/data/products/2015/alpine-precipitation.html
http://www.meteoswiss.admin.ch/home/search.subpage.html/en/data/products/2015/alpine-precipitation.html
http://www.meteoswiss.admin.ch/home/search.subpage.html/en/data/products/2015/alpine-precipitation.html
http://www.euro4m.eu/downloads/Factsheets/EURO4M_Factsheet_D1.01_MeteoSwiss_AlpinePrecip_V1.pdf
http://onlinelibrary.wiley.com/doi/10.1002/joc.3794/abstract
http://onlinelibrary.wiley.com/doi/10.1002/joc.3794/abstract
http://www.ecad.eu/
http://www.ecad.eu/
http://www.ecad.eu/
http://www.euro4m.eu/downloads/Factsheets/EURO4M_Factsheet_KNMI_ECAD_V1.pdf
http://www.euro4m.eu/Publications/kleintank_2002_Daily_dataset_of_20thcentury.pdf
http://www.euro4m.eu/Publications/kleintank_2002_Daily_dataset_of_20thcentury.pdf
http://www.ecad.eu/dailydata/countryquery.php?optionSelected=participant&processtext1=Your+query+is+being+processed.+Please+wait...&blendingselect=no&countryselect=All+countries%7C**&participantselect=MEDARE+Initiative%7C57&processtext2=Your+query+is+being+processed.+Please+wait...
http://www.ecad.eu/dailydata/countryquery.php?optionSelected=participant&processtext1=Your+query+is+being+processed.+Please+wait...&blendingselect=no&countryselect=All+countries%7C**&participantselect=MEDARE+Initiative%7C57&processtext2=Your+query+is+being+processed.+Please+wait...
http://www.ecad.eu/dailydata/countryquery.php?optionSelected=participant&processtext1=Your+query+is+being+processed.+Please+wait...&blendingselect=no&countryselect=All+countries%7C**&participantselect=MEDARE+Initiative%7C57&processtext2=Your+query+is+being+processed.+Please+wait...
http://www.euro4m.eu/downloads/Factsheets/EURO4M_Factsheet_D1.12_D1.13_URV_HistoricalClimateMediterranean_V1.pdf
http://www.ecad.eu/download/ensembles/ensembles.php
http://www.ecad.eu/download/ensembles/ensembles.php
http://www.euro4m.eu/downloads/Factsheets/EURO4M_Factsheet_D1.04_KNMI_EOBS_V1.pdf
http://www.ecad.eu/download/ensembles/Haylock_et_al_2008.pdf
http://www.ecad.eu/download/ensembles/Haylock_et_al_2008.pdf
http://www.euro4m.eu/Publications/Besselaar_European%20daily%20high%20resolution%20observational%20gridded%20data%20set%20of%20sea%20level%20pressure.pdf
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Res., 2011, 116, D11110, doi:10.1029/2010JD015468

Air temperature, -';’.W CRU/UEA gridded data | UEA Global (European window 0.5 monthly 1901-2011 | ASClII
pressure, f b products (D1.6). available) degree
precipitation,
water vapour
Factsheet: CRU/UEA Data Products
Precipitation /:\ Global Precipitation DWD Global (European wirav 0.5 degree | monthly 1901-2009 | ASCII
T Climatology Centre (GPC( available)
| \} full data reanalysis versior|
5 (D1.3)

Becker, A. et al., 2013: A description of the global {amdace precipitation data products of the Global Precipitatitmé&tology Centre with sample applications including
centennial (trend) analysis from 19@itesent. Earth Syst. Sci. Data, 5981
Surface radiation| e . - {}!’; Surface solar irradiance | DWD Europe, North Africa and the | 0.03 monthly 1983-2005 | NetCDF
budget . '_&.]m &?\:fm (SIS) gridded dataset Middle East degree

Byl (D1.7).
Factsheet: Surface solar irradiance (SIS).
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http://www.euro4m.eu/Publications/Besselaar_European%20daily%20high%20resolution%20observational%20gridded%20data%20set%20of%20sea%20level%20pressure.pdf
http://www.cru.uea.ac.uk/data
http://www.cru.uea.ac.uk/data
http://www.euro4m.eu/downloads/Factsheets/EURO4M_Factsheet_D1.06_UEA_CRU_V2.pdf
ftp://ftp-anon.dwd.de/pub/data/gpcc/html/fulldata_download.html
ftp://ftp-anon.dwd.de/pub/data/gpcc/html/fulldata_download.html
ftp://ftp-anon.dwd.de/pub/data/gpcc/html/fulldata_download.html
ftp://ftp-anon.dwd.de/pub/data/gpcc/html/fulldata_download.html
http://www.earth-syst-sci-data.net/5/71/2013/essd-5-71-2013.html
http://www.earth-syst-sci-data.net/5/71/2013/essd-5-71-2013.html
http://www.cmsaf.eu/bvbw/appmanager/bvbw/cmsafInternet?_nfpb=true&_pageLabel=cmsaf_data_access&cmsaf_portlet_data_acessgsbDocumentPath=Navigation%2FData__Access%2FEURO4M__node.html%3F__nnn%3Dtrue
http://www.cmsaf.eu/bvbw/appmanager/bvbw/cmsafInternet?_nfpb=true&_pageLabel=cmsaf_data_access&cmsaf_portlet_data_acessgsbDocumentPath=Navigation%2FData__Access%2FEURO4M__node.html%3F__nnn%3Dtrue
http://www.cmsaf.eu/bvbw/appmanager/bvbw/cmsafInternet?_nfpb=true&_pageLabel=cmsaf_data_access&cmsaf_portlet_data_acessgsbDocumentPath=Navigation%2FData__Access%2FEURO4M__node.html%3F__nnn%3Dtrue
http://www.euro4m.eu/downloads/Factsheets/EURO4M_Factsheet_D1.07_DWD_Radiation_V2.pdf
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2.6 EC Joint Research Centre, JRC

2.6.1 MARS/Agri4Cast Data Portal

Monitoring Agriculural ResourceSMARS project provides scientific and technical support on EU
Agriculture and Food Security policies (not to be confused with MARS at ECMWF). The project is supervised
by two units of the European Commission's JRC in Ispra (Italy): Agad@dsoodsec. The MARBject is
now running in an operational context what is called MM €YFIMars Crop Yield Forecast Systeifihe
Joint Research Centre of the Europe@ommission has developed Interpolated Meteorological Datasets
available on a regular 25x25km grid both to the scientific community and the general public (Biavetti et al.,
2014). The Interpolated Meteorological Datasets include daily maximum/minimumetetyse, cumulated
daily precipitation, evapotranspiration and wind speed. These datasets can be accessed through a web
interface Agri4Cast Data Portalhe temporal coverage of éhdatasets is more than 30 years starting from
1975 and the spatial coverage includes EU Member States, neighbouring European countries, and the
Mediterranean countries. ThrougAgi4Cast Data Portabther datasets are available like Future daily
weather data over Europe derived from climate change scenarios, gridded satellite data, etc. The
Interpolated Meteorological Datasets also serve the Crop Growth Monitoring System (CGM&)retof
the MARS Crop Yield Forecast System (MCYFS), at European level.

2.6.2 European Flood Awareness System (EFAS)

Part of theJRC Hazards and risks of climate change impacts projects and portals BFRABEDO,
EFISand Agri4Cast that are described here since the strong connection with tR€IRECLE project
activities. The European Floods Awareness System (EFAS) is providing flood forecasts up to 10 days in
advance to national and/or regional authorities responsiloleflood forecasting. Any national, regional or
local authority that is legally obliged to provide flood forecasting services or has a national role in flood risk
management within its country and the European Commission Services can becdhrdfartner. EFAS
forecasts are provided for free and are not limited to EU Member States. The portal provides observed in
situ and satellite data and forecast from ECMWF and DWD.

2.6.3 European Drought Observatory [I©)

The EDOpages contain droughelevant information such agnaps of indicators derived from
different data surces (e.g.precipitation measuremenissatellite measuremen{smodelled soil moisture
content). The national meteorological services are potential partners in the project. The portal uses
temperature, precipitation, and soil moisture data to derive drought indicators on a Earofevel.

2.6.4 The European Forest Fire Information System (EFFIS)

The European Forest Fire Information SystdefHIS supports the services in charge of the
protection of forests against fires in the Etuatries and provides the European Commission services and
the European Parliament with updated and reliable information on-aifdi fires in Europe. A number of
specific applications are available through EFFIS like current situation with today megemabfee danger
mapsand brecast up to 6 days, daily updated maps of hot spots and fire perimeters.

A multthazard framework to map exposure to multiple climate emtes in Europe along the
twenty-first century is presented in Forzieri et al. (2016). Using an ensemble of climate projections, changes
in the frequency of heat and cold waves, river and coastal flooding, stream flow droughts, wildfires and
wind storms aresvaluated. Those weather and climate hazards are a key component of a risk assessment.
Results show that Europe will likely face a progressive increase in overall climate hazard with a prominent
spatial gradient towards souttvestern regions mainly driveby the rise of heat waves, droughts and
wildfires (Fig. 1 in Forzieri et al., 2016.). Key hotspots emerge particularly along coastlines and in floodplains
in southern and western Europe. Also peint out to the largest data base of natural disasters at @&
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http://marswiki.jrc.ec.europa.eu/agri4castwiki/index.php/Main_Page
http://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx?o=d
http://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx?o=d
https://www.efas.eu/
https://www.efas.eu/efas-archive.html
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1110
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1120&pv=1
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1120&pv=2
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1120&pv=3
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1120&pv=3
http://forest.jrc.ec.europa.eu/effis/
http://forest.jrc.ec.europa.eu/effis/applications/current-situation/
http://forest.jrc.ec.europa.eu/effis/applications/current-situation/
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Damaging Natural Disaster Databases (Earthquakes, Floods, Volcanoes), spanning freondalQ00
operated atkIT

2.7 Met Office Hadley Centre

HadEXs a global landbased climate extremes dataset produced through the coordination of the
Expert Team on Climate Change Detection and Indices (ETCCD¢L imbleides 27 indices of temperature
and precipitation on a 2.5° x 3.75° grid from 1951 to 2003. The indices represent seasonal and/or annual
values derived from daily station data. 2500 temperature stations and 6000 precipitation stations are used
to derive the data. Data are available from the download page without charge for the purposes of private
study and scientific research, according to terms and conditions stated. European environment agency (EEA)
used HedEX as a data source for the maps prodocdteir web page.

2.8 WorldClim

WorldClimis a set of global climate layers (climate grids) with a spatial resolution of about 1 square
kilometre. The data can be used for mapping and spatial modelling ilSaoGwith other computer
programs. It is created formlobal observed meteorological data using geostatistical interpolation methods.
The data layers were generated through interpolation of average monthly climate data from weather
stations on a 30 arsecond resolution grid (often referred to as “1 km?” resolution). Variables included are
monthly total precipitation, and monthly mean, minimum and maximum temperature, and 19 derived
bioclimatic variables. The WorldClim interpolated climate layers were roaifgy major climate databases
compiled by the Global Historical Climatology Network (GHCN), the FAO, the WMO, the International Center
for Tropical Agriculture (CIAT)HYdronet, and a number of additional minor databases for Australia, New
Zealand, theNordic European Countries, Ecuador, Peru, Bolivia, among others. The SRTM elevation
database (aggregated to 30 eseconds, "1 km") is used together with the ANUSPLIN software. ANUSPLIN is
a program for interpolating noisy muliiariate data using thin pla smoothing splines. Latitude, longitude,
and elevation are used as independent variables. New worldClim data set also serves WorldClim 1.4
downscaled CMIP) data, where GCM output was downscaled andbcated (bias corrected) using
WorldClim 1.4 as baseline ‘current' climate

29 EEA

The European Environment Agency (EEA) is an agency of the European Union. The task of EEA is to
provide a major information about the environment for the general public and s those involved in
developing, adopting, implementing and evaluating environmental policy. The EEA is not producing
environmentally related data but uses different data sources to provide information for the reports, data,
maps etc. Several example$ e products are in the Table 1.3. For those products, data from the
numerous organisations and projects are used, IK2BS from ENSAMBLES projeetd CRUT4nd HedEX
from Met Office Hedley Centr&ISTEMBom NASA, soil erosion modellingiin JRC, atistical data from
EUROSTAEMDAT: The International Disaster Databasmvided by Centre for Research on the
Epidemiology of Disasters (CREi2), were used as data sources. Detailed information is provided on the
web pages listed in Table 1.3.

Table 1.3: EEA climate related information

Product web link

Heavy precipitation http://www.eea.europa.eu/dataand
maps/indicators/precipitatiorextremesin-europe-
Jassessment

Wind storms http://www.e ea.europa.eu/dataand
maps/indicators/storms2/assessment

Soil moisture http://www.eea.europa.eu/dataand
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http://www.kit.edu/kit/english/pi_2016_058_natural-disasters-since-1900-over-8-million-deaths-and-7-trillion-us-dollars-damage.php
http://www.metoffice.gov.uk/hadobs/hadex/
http://www.worldclim.org/version1
http://cmip-pcmdi.llnl.gov/cmip5/
http://www.eea.europa.eu/data-and-maps/data/external/emergency-events-database-em-dat
http://www.eea.europa.eu/data-and-maps/indicators/precipitation-extremes-in-europe-3/assessment
http://www.eea.europa.eu/data-and-maps/indicators/precipitation-extremes-in-europe-3/assessment
http://www.eea.europa.eu/data-and-maps/indicators/precipitation-extremes-in-europe-3/assessment
http://www.eea.europa.eu/data-and-maps/indicators/soil-erosion-by-water-1/assessment
http://www.eea.europa.eu/data-and-maps/indicators/soil-erosion-by-water-1/assessment
http://www.eea.europa.eu/data-and-maps/indicators/water-retention-4/assessment
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maps/indicators/watefretention-4/assessment

Globaland European sea level http://www.eea.europa.eu/dataand-
maps/indicators/sedevelrise-4assessmenp

Floods and health http://www.eea.europa.eu/dataand
maps/indicators/floodsand-health-l/assessment

Forest fires http://www.eea.europa.eu/dataand
maps/indicators/foresffire-danger2/assessment

River flow http://www.eea.europa.eu/dataand
maps/indicators/riveiflow-3assessment

Soil erosion http://www.eea.europa.eu/dataand
maps/indicators/soHerosionby-water-1/assessment
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http://www.eea.europa.eu/data-and-maps/indicators/water-retention-4/assessment
http://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-4/assessment-2
http://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-4/assessment-2
http://www.eea.europa.eu/data-and-maps/indicators/floods-and-health-1/assessment
http://www.eea.europa.eu/data-and-maps/indicators/floods-and-health-1/assessment
http://www.eea.europa.eu/data-and-maps/indicators/forest-fire-danger-2/assessment
http://www.eea.europa.eu/data-and-maps/indicators/forest-fire-danger-2/assessment
http://www.eea.europa.eu/data-and-maps/indicators/river-flow-3/assessment
http://www.eea.europa.eu/data-and-maps/indicators/river-flow-3/assessment
http://www.eea.europa.eu/data-and-maps/indicators/soil-erosion-by-water-1/assessment
http://www.eea.europa.eu/data-and-maps/indicators/soil-erosion-by-water-1/assessment
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3 Climate models and reanalyses products

3.1 Introduction

The climate models' products include simulations of regional climate and global climate models
(RCMs and GCMs). The relationship between RCMs and GCMs, are discussed in several review papers:
Giorgi and Mearns (1991), McGregor (1997), Giorgi and Mearns)(182&g et al. (2004), Laprise et al.

(2008) and Rummukainen (2010, 2015).

For the purpose of the EGQIRCLE project, the use of the latest generation of the RCM simulations
over Europe is suggested. These simulations are available on the approximaieiynlgrid spacing and for
the climate projection use the latest IPG€enarios: RCP2.6, RCP4.5 and RCP8.5. They are available through
the ESGF system and WERPRDEXproject (EURGORDEX initiative) or alternative portals &tpl
servers run by the spdic RCM groups. Also, results and description of the several other projects and
initiatives that provide access to corresponding climate model simulations are presented. We will shortly
present technical details (e.g., model resolution, the availabifitthe GCMRCM combinations, the use of
specific GHG concentration scenarios) and scientific results relevant for H@RELLE project. Several
specific improvements are documented over the course of time: (1) the increase of the RCM resolution from
50 kmin PRUDENEHo 25 km in ENSEMBLEShd finally to 12.5 km in EUREIDRDEX, (2) the increase in
the number of GCMs providing boundary conditions, (3) the increase in the number of assumed GHG
concentration scenarios from 1 in PRUDENCE (IPCC SRES AR)BN8BEMBLES (IPCC SRES A1B) to 3 in
EURGCORDEX (IPCC RCP2.6, RCP4.5 and RERH8E development of the regional atmosphereean
hydrology coupled models in MEGORDEX.

The dominant data format of all products is NetCDF (both NetCDF3, and NetlaBstdal and
compressed), and should be related with the CIRP platform accordingly.

3.2 Regional climate models

3.2.1 PRUDENCE

EU FP5 projedPrediction of Regional scenarios and Uncertainties for Defining EuropeaN Climate
change risks and Effeci® RUDENCE)stad from November 2001 to October 2004. In this project
simulations using four global climate models (GCMs) were applied to force ten different regional climate
models (RCMs) for the historical periods 19®B0 and future projetion under the IPCC SRESahd B2
scenarios for the period 2072100. Horizontal resolutions of the RCMs over the large European domain
were ~20 km (two PRUDENCE RCMs) and 50 km (all PRUDENCE RCMs). The list of the available simulatiol
from the project webpage (i.e.http://prudence.dmi.dk/) is shown in Table 2.1

Main scientific results of the PRUDENCE project included:

(2) The interpretation of the 2003 summer heat wave over Europe in comparison to previous
heat waves and potential futuredat waves according to the PRUDENCE simulations (Beniston,

2004). Here, 2003 summer heat wave was shawrbe distinct from the weaker heat waves

recorded in 1947 and 1976, and more comparable to extreme climate events projected by the end

of the 21" century under the IPCC SRES A2 scenario.
(2) The summer 2003 heat wave was also interpreted in terms of interannual variability by

Schér et al. (2004). Again, PRUDENCE RCM simulations were applied in order to demonstrate

dpcc: Intergovernmental Panel on Climate Change

“WCRP: World Climate Research Programme

®CORDEX: A COordinated Regional climatenBealing Experiment

®PRUDENCE: Prediction of Regional scenarios and Uncertainties for Defining EuropeaN Climate change and Effects
"ENSEMBLES: ENSEMBised Predictions of Climate Changes and their Impacts

8RCP: Reference Concentration Pathways
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exception of the 2003 heat wave from theual interannual variability. While changes in the mean
climate over large parts of Europe are detectable in both observations and RCM projections,
changes in the interannual variability are clearly present for only in RCM projections (as
demonstrated bylhe PRUDENCE RCM ensemble). In this sense, summer 2003 heat wave was shown
to represent typically conditions by the end of2fentury under the IPCC SRES A2 scenario.

3) The Central Europe flooding in summer 2002 was also examined in context of the present
and future climate (Christensen and Christensen 2003). PRUDENCE RCM simulations suggest strong
reduction of the summer total precipitation amount over most of the central and southern Europe.
However, the frequency and amount of the extreme precipitatiorerds may be expected to
increase by the end of the 2based on the same simulations and IPCC SRES A2 scenario.

(4) The results of the future climate projections were also examined as the function of the
boundary conditions based on the GCM simulations applied to specific RCM (Réisénen et al.,
2004). In terms of neasurface air temperature, PRUDENCE simulations indicate warming over the
whole Europe (largest winter warming over the northern Europe, and largest summer warming over
the southern Europe).nlterms of the total precipitation amount, increase is expected over the
northern Europe (especially in winter) and decrease is expected over the southern Europe
(especially in summer). Also, sensitivity of the projected precipitation change on the dife et
GCM boundary conditions is found.

The limitations of the PRUDENCE RCM simulations in context of {6EREILE needs includg) relatively
coarse spatial resolutiorf?) the use of relatively small number of GCM boundary conditions (this pfimari
has an impact on internal variability in each model simulations),(@hfbcus on the ends of the 30and

21 centuries. Some of this limitations will be addressed by the projects and initiatives described below.
However, majority of the scientifi@sults based on the PRUDENCE RCMs are mostly confirmed by the next
generations of the climate simulations.

Table 2.1: Available PRUDENCE RCM simulations fromtith&orudence.dmi.dk/ database. Detailed
explanation of the acronyms is available froiitp://prudence.dmi.dk/public/DDC/compact table.html

Institute Model Driving data Ensemble member Experiment
1 Control
1 Scenario
2 Control
HadAM3H A2 :
2 Scenario
3 Control
3 Scenario
HIRHAM HadAM3H A2 1 Scenario
HadAM3H B2 Scenario
DMI ECHAM4OPYC Control
ECHAM4/OPYC A2 Scenario
ECHAM4/OPYC B2 Scenario
Control
ECHAMS5 A2
Scenario
1 Control
HIRHAM High res. HadAM3H A2
1 Scenario
1 Control
HIRHAM Extra High res HadAM3H A2
1 Scenario
HC HadCM3 A2 (OAGCM) 1 Control
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Scenario
Control

Scenario

Control

W WIN NP

Scenario

HadCM3 B2 Scenario

Control

Scenario

Control
HadAM3P

HadRM3P Scenario

Control

W WIN NP

Scenario

HadAM3P B2 Scenario

Control
ETHZ CHRM HadAM3H A2 i
Scenario

Control
CLM

Scenario
GKSS HadAM3H A2

| Control
CLM (improved) Scenario

Cortrol
MPI REMO HadAM3H A2

Scenario

Control
HadAM3H A2

R e e I B B B S S =Y

Scenario

HadAM3H B2 Scenario
ECHAM4/OPYC Control

RCAO

SMHI
ECHAM4/OPYC A2 Scenario

ECHAM4OPYC B2 Scenario

Control
RCAO High res. HadAM3H A2
Scenario

Control
HadAM3H A2

PR ke

UCML PROMES Scenario

HadAM3H B2 Scenario

Control
HadAM3H A2

ICTP RegCM Scenario

HadAM2H B2 Scenario

Control
METNO HIRHAM HadAM3H A2
Scenario

Control
KNMI RACMO HadAM3H A2

Scenario

Contrd

Météo-France Arpége Observed SST

N R R R R R R R R

Control
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3 Control
1 Scenario
HadCM3 A2 2 Scenario
3 Scenario
HadCM3 B2 Scenario
Arpege/OPA A2 Scenario
1 Scenario
Arpege/OPA B2 2 Scenario
3 Scenario
MRI MRF20kmAGCM SST of MRCGCM2.3 Al ! Control.
1 Scenaio

3.2.2 ENSEMBLES

EU FP6 project ENSEMBLES was a major research effort performed from September 2004 to
December 2009. One of the main activities relevant for theCROLE project was Research Themes “RT3
Formulation of verhigh resolution Regional ClimaW#odel ensembles for Eurdpend “RT2B Production of
regional scenarios for impact assessnigwe shall refer to RCM simulations from this project in the rest of
this report as “ENSEMBLES RCMs”. Two groups of the ENSEMBLES RCMs are performed in this project:

ERA40 reanalysis driven simulations for the period 8810 (16 different RCMs; Table 2.2), and GCM
driven simulations performed over theontinuousperiod from 1951 to 2050/2100 (so called “transient

runs”; 15 different RCMs; Table 2.3). Two spatiatesolutions are applied (25 km and 50 km), and majority of

the projection runs were done under the assumption of the IPCC SRES A1B scenario. The results of the
ENSEMBLES RCM simulations are available from the following URL atigréssisemblesrt3.dmi.dk/

Some of scientific results based on ENSEMBLES RCM simulations relevant feCHREHE project
include:

(2) ENSEMBLES RCMs’ simulations explored the impact of the horizontal resolution increase
from 50 km to25 km. General results included the increase in the wet bias over locations and
during season where already wet bias existed at the KBn resolution, but also general
improvement in simulating precipitation extremes (Rauscher et al. 2010).

(2) Additional RCM studies using ~2 km horizontal resolutions indicated improvements in
reproducing the simulated daily precipitation cycle (Hohenegger et al. 2009).

3) ENSEMBLES enabled RCM simulations over the >100 yr periods, which enabled trends and
regime shift analysesand allowed many applications relevant for the climate change adaptation
application.

(4) Results of the ENSEMBLES RCM simulations provided opportunities to explore and improve
models in term of reproducing specific weather and climate events (e.g., wadeerergy budgets
over several regions and basins, extreme temperature events) but also several methodological
aspects concerning the coupling between the RCM and boundary forcings provided by the GCMs
(e.g., RCM domain size and location, the applicatisoaalled spectral nudging).

(5) Information about systematic errors inherent to specific RCMs (this type of errors is
expected to be reduced in the course of the model development) was used to adjust climate change
projections (Boberg al. 2010)his workshowed reduction of the summer warming present in the
raw model simulations. However, the science and practice of the bias correction or bias adjustment
is still in progress and no general solutions are still available.

(6) It was shown that no RCMs are béstterms of reproducing statistics of various climate
variables (Christensen et al. 2010). Also, the medeightingwas shown to be sensitive to the
metric applied. Suggestion for the impact models (e.g., hydrological models, crop production

Grant Agreement 653824 Public 22 Page


http://ensemblesrt3.dmi.dk/

-~ D2.1 Report on Typology of Climate Related Hazards

models, etc.)was made to include at least two or three different RCMs forced by at least two
different GCM.

Although uncertainties related to different boundary forcing and RCM model formulations
were well sampled in the ENSEMBLES RCM ensemble, this was not tla ttegdime for the
uncertainties related to different scenarios and different internal variability (i.e., same RCM
simulations forced by the same GCM, and under same scenario due to the chaotic nature of the
climate system may have different temporal iednility if started from slightly different initial
conditions).

()

Table 2.2: ENSEMBLES RCM/ed® experiments driven by the ECMWF ERA40 reanalysis. Source:

http://ensemblesrt3.dmi.dk/

Institute Model Resolutdn Acronym

1 c4l RCA3 25 km C4IRCA3

2 CHMI Aladin 50 km / 25 km CHMIALADIN

3 CNRM Aladin 50 km / 25 km CNRMRM4.5

4 DMI HIRHAM 50 km / 25 km DMFHIRHAM

5 ETHZ CLM 50 km / 25 km ETHZLM

6 GKSS CLM 50 km GKSSCLM
HadRM3.0 50 km METGHC_HadRM3.0

. HE HadRM3Q0 |25 km METGHC_HadRM3Q0
HadRM3Q3 |25 km METGHC_HadRM3Q3
HadRM3Q16 |25 km METGHC_HadRM3Q16

8 ICTP RegCM 50 km / 25 km ICTPREGCM3

9 INM RCA3 50 km / 25 km INM-RCA3

10 KNMI RACMO 50 km / 25 km KNMIRACMO?2

11 METNO HIRHAM 50 km / 25 km METNOHIRHAM

12 MPI REMO 50 km / 25 km MPFM-REMO

13 SMHI RCA 50 km / 25 km SMHIRCA

14 UCLM PROMES 50 km / 25 km UCLMPROMES
CRCM 50km OURANOSMRCC4.2.1

15 OURANOS  I'crem 25km OURANOSMRCC4.2.3

16 EC GEMLAM 25km RPN_GEMLAM

Table 2.3: ENSEMBLES RCM empets driven by the CMIP3 GCMs for the period -P2&D or 19512100.
Source: http://ensemblesrt3.dmi.dk/ .

Institute Scen. | Driving GCM Model Res. Acronym

1 C4l A2 ECHAMS RCA3 25km C4IRCA3
AlB ARPEGE Aladin 25km CNRMRM4.5

2 CNRM
AlB ARPEGE_RM5.1 | Aladin 25km CNRMRMS5.1
AlB ECHAMS3 RACMO 25km KNMIRACMO2
AlB ECHAM51 RACMO 50km KNMIRACMO2

3 KNMI AlB ECHAM52 RACMO 50km KNMIRACMO2
AlB ECHAM5S3 RACMO 50km KNMIRACMO2
AlB MIROC RACMO 50km KNMIRACMO2

4 OURANOS | A1B CGCM3 CRCM 25km OURANOSMRCC4.2.1
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Al1B ECHAMS3 RCA 50km SMHIRCA
Al1B BCM RCA 25km SMHIRCA
5 SMHI
AlB ECHAMS3 RCA 25km SMHIRCA
AlB HadCM3Q3 RCA 25km SMHIRCA
6 MPI AlB ECHAMS3 REMO 25km MPEM-REMO
AlB BCM HIRHAM 25km METNOHIRHAM
7 METNO
Al1B HadCM3QO0 HIRHAM 25km METNOHIRHAM
8 C4l Al1B HadCM3Q16 RCA3 25km C4IRCA3
9 UCLM AlB HadCM3QO0 PROMES 25km UCLMPROMES
10 ETHZ A1B HadCM3QO0 CLM 25km ETHALM
AlB HadCM3QO0 HadRM3QO0 25km METGHC_HadRM3QO0
AlB HadCM3Q3 HadRM3Q3 25km METGHC_HadRM3Q3
AlB HadCM3Q16 HadRM3Q16 25km METGHC_HadRM3Q16
H He AlB HadCM3QO0 HadCM3QO0 3.75°%2.5° METGHC_HadCM3QO0
AlB HadCM3Q3 HadCM3Q3 3.75°%x2.5° METGHC_HadCM3Q3
AlB HadCM3Q16 HadCM3Q16 3.75°%x2.5° METGHC_HadCM3Q16
Al1B ARPEGE HIRHAM 25km DMI-HIRHAMS5
12 DMI Al1B ECHAMS3 DMI-HIRHAMS5 25km DMI-HIRHAMS5
Al1B BCM DMI-HIRHAM5 25km DMI-HIRHAMS5
13 ICTP AlB ECHAMS3 RegCM 25km ICTPREGCM3
14 VMGO AlB HadCM3QO0 RRCM 25km VMGORRCM
15 GKSS AlB IPSL CLM 25km GKS&£CLM4.8

3.2.3 EURGCORDEX

EURGCORDEX is a major European initiativeeurttie scope of the global CORDEX efforts (Giorgi and
Gutowski 2015). The results of large number of RCM simulations on then5hd 12.5%m horizontal
resolutions are available through the Earth System Grid Federation (ESGF) system, which consistd of sev
data nodes. For example, one can explore the content of the entire database by accessing to e.g.,
https://fesg-dnl.nsc.liu.se/projects/esdiu/. In addition, large number of new simulatiorsse being
performed and in the process of the postprocessing. As of the October 2016, status of the simulations over
the European domain includes:

(2) In total 61 (74) different RCM simulations at the approximate horizontal resolution of 12.5
km (50 km).
(2) In total 10 different RCM have been applied, but in different combinations of boundary

forcings and horizontal resolution8L ADIN52 (3 different simulations), ALADIN53 (9), C8LIM4
(17), HIRHAMS5 (8), MOH2JGEM&RA (1), MOHEBadRM3P (1), RACMO22E (A4 (53),
REMO2009 (18), RegCi241), and WRF331F (8).
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3 In total 10 different CMIP5 GCMs are applied to run different RCMECM&ECanESM2
(applied in 3 different RCM simulations), CNRERFAGSNRMCMS5 (18), CSIRQCCCGESIRO
Mk3-6-0 (3), ICHEECEARTHZ23), IPSIPSECM5AMR (12), MIRO®IIROCS (4), MOHGadGEM2
ES (18), MAM-MPFESMLR (29), NCRorESMIM (4) and NOAAFDIGFDEESM2M (3). In
addition, reanalysis ECMWERAINT wadownscaledl8 times by in total both 12:Em and 56km
RCM models.

(4) In total 18 evaluation (i.e., RCMs are forced over the historical period by the ECMWF ERA
Interim reanalysis) simulations are available, 35 historical simulations (i.e., RCMs are forced over the
historical period by different CMIP5 GCMs, each having differastnal variability and not
correlated with the observed internal variability). In addition, future projections cover periods up to
the end of the 21 century and include simulations where different GHG concentration scenarios
are applied: RCP2.6 (13 diffat simulations), RCP4.5 (34) and RCP8.5 (35). At this stage there no
RCMs simulations using remaining RCP6.0 scenario.

Based on the research question at hand, different subset of the EMBRDEX simulation can be
selected. In addition, various simulat® are available for research or commercial applications (please check
ESGF database for more information about specific simulattosubset of these simulations are already
interpolated from the default RCM grids to regular 0.44°x0.44° and 0.11°xQid%°(dpis may be relevant
for some posfprocessing and visualization software).

In the rest of this subsection, several results based on the EUMBRDEX simulations relevant for
the EUCIRCLE are discussed:

1) Skill of EUR@ORDEX RCMs forced by the-EfAim reanalysis in simulating heat waves,
mean climate and climate variability was explored in Vautard et al. (2013) and Kotlarski et al. (2014).
Both studies did not documesubstantiaimprovement in model performance when increasing the
RCM horizoral resolution from 50 km to 12.5 km.

2) Several studies explore climate change signal and impacts based on the GCM historical and
21* century simulations. These include Jacob et al. (2013), Jerez et al. (2015), Dosio (2016), Giorgi et
al. (2016), Smiatek ell. (2016) and Tobin et al. (2016). In terms of the mean climate change; EURO
CORDEX simulations confirm general results of the previous studies (warming in all seasons, but
with variable amplitude over European regions; precipitation increase in théertEurope and
summer precipitation decrease over the southern Europe).

3) Simulated precipitation field compared to regional based gridded precipitation products is
analysed in detail by Prein et al. (2015). This study finds added value of the 12.5 Katiaimia
simulating mean and extreme precipitation due to the better representation of the orographic
forcing over European regions with complex orography, and due to the better representation of the
convective events during the summer season.

Two issue may limit direct applicability of the EURBORDEX simulations for the purpose of the EU
CIRCLE project:

Q) The existence of the systematic errors when comparing simulated and observed climatology
(when available) motivates further model development. Thisktis beyond the scope of the EU
CIRCLE project, and can be replaced by the application of appropriate bias adjustment (or bias
correction) technique, as a measure of the statistical fpostessing before further use of the
RCMs’ results in forcing different impact models.

(2) Model output for specific grid cell can be interpreted as an average value of the entire 12.5
km times 12.5 km area. The spatial/horizontal resolution of 12.5 km may be limited for some
application, especially if focus is typical urtereas. Methodological framework developed inside
EUCIRCLE can be generalized to be applicable for the case of the higher resolution RCM
simulations. This type of RCM simulations are already available in direct contact with specific
research groups, and@expected to be available in the EURORDEX style (i.e. large ensemble of
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coordinated simulations over specific European region or the entire Europe) in the next 5 to 10 year
period. In addition, EMCIRCLE methodological framework should enable the afsehe
computationally cheaper climatological simulations with resolutions between e.g. 1 km and 10 km
but only over specific domain of interest. In that case, care would be needed in securing the specific
data naming and format conventions (e.g. CF cotiwannetcdf data format). An example of freely
available access to RCM simulations at the-1kkm resolution known to the authors of this report

are results of the EXPRE®&Iro project (Pieri et al. 2015). Here, WRF model at the 4 km resolution
and fored by the ERAnterim reanalysis simulated period 192908 over Europe. The results of
these simulations are available from the following database:
http://nextdataproject.hpc.cineca.it/thredds/catalog/NextData/eurocdx/hled/catalog.html

Although there areno available simulations using the same model for the historical and future
periods (forced by CMIP3 or CMIP5 model), the model domain in the EXRRESSovers all
European EXCIRCLE case studies so historical weather events in the20989period impcting

critical infrastructure can be examined.

3.2.4 MEDCORDEX

MEDCRDEX hitps://www.medcordex.eu/) simulations follow CORDEX framework over the
Mediterranean region, and include two general categories of simulations (we list below types of simulations
relevant for the ELCIRCLE project):

QD CORE simulations: 50 km atmospherdy RCMs (similar to EURKDRDEX but over smaller
domain). These simulations differ in comparison to TIE®mulations (see below) in specific
atmospheric or climatological conditiomghere interaction between processes in atmosphere and
ocean is important.

2) TIERL simulations: 12.5 km atmospheomly RCMs (similar to EURKDRDEX but over
small domain) and coupled RCM simulations (i.e., simulations having interaction between
atmosphee and oceans) on a highest spatial resolution available to specific modelling group.

All MEBCORDEX experiments (i.e. oceafy simulations, couple atmospheceean simulations
etc) are listed on the following URMttps://www.medcordex.eu/simulations.gh We limit in Table 2.4 only
to archived atmospherenly RCM simulations.

Table 2.4: MEELTORDEX RCM simulations available through www.medcordex.eu portal. In columns HIST,
RCP8.5 and RCP4.5, period simulated and boundary conditions are stated. Emipdicate no specific
simulations is performed/archived.

. . HIST RCP8.5 RCP4.5
Institute RCM Res. (km) ERAInterim 19502005 20062100 20062100
ENEA RegCM 3.1 30 19822010
1970-2005: 20062100:
ICTP RegCM4.3 v1 50 19792008 HadGEMES HadGEMES
ICP RegCM4.3 v4 50 19792012
1970-2005:
2006:2100:
ICTP RegCM4.3 v7 50 19792008 MPFESM,
HadGEMES MPFESM, HadGEMBRS
1950-2005: 20062100
CNRM ALADIN 5.2 50 19792012 CNRMCMS CNRMCMS
LMD LMDz 30 19792009
U. Belgrade |EBU 50 19892008
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IPSL WRF 3.1.1v1 50 19892008
IPSL WRF 3.1.1v2 50 19892008
UCLM PROMES 50 19892008
GUF CCLM #8-11v1 50 19892008
GUF CCLM 8-11 v2 50 19792008
1950-2005: 2006-2100:
GUF CCLM #8-18 v1 50 19792011 MPFESM MPFESM
GUF CCLM 8-18 v2 50 19792011
2006-2100:
1950-2005: 2006-2100:
CMCC CCLM #8-19v1 50 19792012 CMCECCLM&B-19 CMCECCLM&B-19 Sé\/lCGCCLM‘B-
CMCC CCLM 8-19 v2 50 19792012
1970-2005: 2006-2050:
ICTP RegCM4.3 vl 12 19792010 HadGEMES HadGEMES
1950-2005: 2006-2100: 2006-2100:
CNR ALADIN5.2 12 19792012 CNRMCMS CNRMCMS5 CNRMCMS5
UCLM PROMES 12 19892009
GUF CCLM4&-18 v1 10 19892008
GUF CCLM4-18 v2 10 19892008

Scientific results of the MEODORDEX initiative are recently presente Ruti et al. (2016)At this
stage, however, the use of MEDDRDEX simulations is suggested only in special cases because of the use of
smaller domain not covering all European-EIRCLE case studies. Nevertheless, the results of the MED
CORDEX studienay be relevant when designing specific modelling studies where atmospbesn
effects are important, or if the use of the same modelling systems for different case studies in context of EU
CIRCLE is not a necessary condition.

3.2.5 Weather Research and Forasting (WRF) Model

The Weather Research and Forecasting (WRF) Model is aobtagart atmospheric mesoscale
modeling system designed for both meteorological research and numerical weather prediction. It offers a
host of options for atmospheric prosses and can run on a variety of computing platforms. It features two
dynamical cores, a data assimilation system, and a software architecture facilitating parallel computation
and system extensibility. The model serves a wide range of meteorologicatatiopls across scales from
tens of meters to thousands of kilometres. The effort to develop WRF began in the latter part of the 1990's
and was a collaborative partnership principally among the National Centre for Atmospheric Research
(NCAR), the Nationalc@anic and Atmospheric Administration (represented by the National Centres for
Environmental Prediction (NCEP) and the (then) Forecast Systems Laboratory (FSL)), the Air Force Weather
Agency (AFWA), the Naval Research Laboratory, the University of OkJaaonthdahe Federal Aviation
Administration (FAA).

WRF can generate atmospheric simulations using real data (observations, analyses) or idealized conditions.
WRF offers operational forecasting a flexible and computatioedfligient platform, while providig recent
advances in physics, numerics, and data assimilation contributed by developers across the very broad
research community. WRF is currently in operational use at NCEP, AFWA, and other centres.

The WRF system contains two dynamical solvers, reféeored the ARW (Advanced Research WRF)
core and the NMM (Noimydrostatic Mesoscale Model) core. WRF model is increasingly used as an RCM,
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because allows users to choose among a large combination of different parameterizations, according to the
needs of eade climate study. Various studies with even higher resolution simulations (10 to 7 km spatial
resolution) have been carried out, focusing on countries domains to perform representations of climate
patterns, extreme events, drought variability (Berg et 8112 Soares et al 1012, Argiieso et al 2012).

3.3 Reanalysis products

The use of the reanalysis in modern meteorology and climatology is enabled by the advanced
combination of models and observations. Typical weather forecasts are performed using NWP models
whose computer code changes over the course of time. For example, new numerical methods are
implemented, new model physics are introduced, old model components are improved or developed, etc. In
most modelling centres, these changes are done several timeggar. The idea between the reanalysis is
to use the frozen model code and simulate long periods (several decades or even a century). This enables to
explore climatology and perform trend analysis in support to standard evaluation of pure observational
records. We refer to followingveb-page with more references to specific (mostly global) reanalysis
products: http://reanalyses.org/ In Table 2.5 we summarize several global reanalysis products, while in
Table 2.6similar isdone for the regional reanalysproducts openly available over Europe and relevant for
the EUCIRCLE project.

Table 2.5 State of the art global reanalyses. Summary of the main reanalysis products from
http://reanalyses.org/ relevant for ELUCIRCLE case studies and potential applicibieugh the CIRP
platform.

Acronym Institution Spatial Period References and comments Data access
resolution
ERAInterim | ECMWF ~80 km 1979 Dee et al. (2011); (used to force http://apps.ecmwf.int/
2016/present EURGCORDEX and MED datasets/
CORDEX RCMs)
ERA20C ECMWF ~125 km 19002010 Poli et al. (2016) http://apps.ecmwf.int/
datasets/
ERA40 ECMWF ~125 km 19572002 Uppala et al. (2005); (used to | http://apps.ecmwf.int/
force ENSEBMLES RCMs) datasets/
JRAS5 JMA ~125 km 1958 Kobayashi et a(2015); full http://jra.kishou.go.jp/J
2016/present observing system reanalysis) RA
55index_en.html#dow
nload
MERRA NASA ~ 50 km 1980 Molod et al. (2015) http://disc.sci.gsfc.nase
2016/present .gov/mdisc/
CFSR NCEP ~ 38 km 1979 Saha et al. (2010) https://nomads.ncdc.n
2016/present oaa.gov/#cfsr
20CRv2c NOAACIRES |~ 200 km 18512014 Compo et al. (2011) http://portal.nersc.gov/
project’20C_Reanalysi
/

Table 2.6 State of the art regional reanalyses over Europe. Summary of the main reanalysis products
relevant for ELCIRCLE case studies and potential applicable through the CIRP platform.

Acronym Institution/pro | Spatial Period References and comments Data access
ject resolution
COSMGEREA6 MIUB, IGMK | ~ 6 km 19972014 Bollmeyer et al. (2014) (modi ftp://ftp.meteo.uni-
domain covers the entir bonn.de/pub/reana

Grant Agreement 653824 Public 28 Page



- D2.1 Report on Typology of Climate Related Hazards

Europe)
COSMEREA2 MIUB, IGMK | ~2 km 20072013 Wahl et al. (2016; under ftp://ftp.meteo.uni-
review); (model domain bonn.de/pub/reana
covers central Europe)
EURO4M CLIPC ~5.5 km 19892010 Landelius et al. (2) https://lesg-
MESAN dnl.nsc.liu.se/search/esgjl/
{select “clipc” project)

3.4 Global climate models

Global climate models (GCMs) from the Coupled Model Intercomparison Project (CMIP) consist of
atmosphere only and coupled oceatmosphere numerical modeld the climate system. The idea of the
CMIP initiative is to coordinate GCM intercomparisons and provision of comparable and consistent
projections of the climate system for the entire Earth for the' 2&ntury and beyond. Two most recent
CMP phases, CMBRMeehl et al, 2007) and CMIP5Taylor et al, 2012, were basis for the IPCC report AR4
(IPCC, 2007) and AR5 (IPCC, 2018pakrations for the next phase of GCM simulations and projections and
for the next IPCC report (i.e. CMIP6 and ARG6) are in progress. More details about the CMIP are available
from http://cmip -pcmdi.linl.gov/

Some basic information about GCMs from CMIP3 and CMIPS5 includes following:

(1) CMIP3 included following modelstip://w ww-pcmdi.linl.gov/ipcc/data_status tables.hdimBCE
CM1, BCGRCM2.0, CCSM3, CGCM3.1(T47), CGCM3.1(T63),-CMIRMSIRMK3.0, CSIRO
Mk3.5, ECHAMSYMRDM, ECH&@, FGOAL&L.0, GFDCM2.0, GFBCM2.1, GISBOM, GISEH,
GISER, ING®XG, INMCM3.0, IPSCM4, MIROC3.2(hires), MIROC3.2(medres);CGLTM2.3.2,

PCM, UKMeéHadCM3, UKM®ladGEML.

(2) CMIPS5 included following modelsttfp://cmip -pcmdi.linl.gov/cmipYavailability.htmif BCGCSM1.1,
BCACSM1.1(m), CanAM4, CanCM4, CanESM2, -CHESM, CMGCM, CMCCMS, CNRMMS5,
CNRMCM52, CFSw2011, ACCESS1.0, ACCESSL1.3,-KE3581, ECEARTH, FIEBSM, BNUESM,
INM-CM4, IPSCM5AL, IPSICM5AMR, IPSICM5BLR, FGOAlgR2, FGOALS, FGOALS?,
MIRO@h, MIROC5, MIREESM, HadCM3, HadCM3Q, HadGEAMPadGEMZC, HadGEMRS,
MPFESMLR, MRESMMR, MPIESMP, MRIAGCM3.2H, MRAGCM3.2S, MRBGCM3, MRESM1,
GISE2H, GISE2H-CC, GISB2R, GISE2RCC, GEGR CCSM4, NorESML, NorESMAME,
NICAM.®, HadGEMAO, GFDCM2.1, GFBCM3, GFBESM2G, GFEESM2M, GFBHIRAM
C180, GFBHIRAMC360, CESM1(BGC), CESM1(CAM5), CESM1(CAM5.1,FV2), CESM1(FASTCHEN
CESM1(WACCM).

(3) CMIP3 GCMs applied IPCC Special Report on Emission Scenarios (SRES) for thes fioojdwtion
21% and beyond: B1, A1B, A2.

(4) CMIP5 scenarios applied IPCC Representative Concentration Pathways (RCP) for the projections for
the 21" and beyond: RCP2.6, RCP6.0, RCP4.5, RCP8.5.

(5) CMIP3 GCMs have average horizontal resolution of ~250 km (eamaKuand Arakawa 2015; their
Table 1). CMIP3 GCMs have been used to force ENSEMBLES RCMs at horizontal resolutions of 25 km
and 50 km.

(6) CMIP5 GCMs have average horizontal resolution of ~200 km (e.g. Kusonoki and Arakawa 2015; their
Table 2). CMIP5 GCMs babeen used to force MEDORDEX and EURORDEX RCMs at
horizontal resolutions of 12.5 km and 50 km.

(7) cMmIP3 GCMS’ simulations results can be accessed from http://www -
pcmdi.linl.gov/ipcc/ind_for_analysts.phpr in a more user friendly way (for smaller amounts of
data) fromhttps://climexp.knmi.nl.

(8) CMIP5 GCMSs’ simulations results can be accessed from several nodes in the Earth System
Federation (ESE Peeto-Peer (P2P) systenmttps:/pcmdi.linl.gov/projects/esgdinl/ . From the
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practical point of view, the ESGF system is in continuous development, and some functionalities

may not be accesisle 24/7. Partners of the EOQIRCLE project may contact DHMZ in case if basic

technical assistance in acquiring CMIP5 GCM and BBIFRDEX RCMs from the ESGF is needed.

DHMZ partners suggest following two specific ESGF nodes for the data search andefkstaeeds

for the purpose of the EACIRCLE case studiéstps://esgf-data.dkrz.de/projects/esgiikrz/ and

https://esg-dnl.nsc.liu.e/projects/esgfliu/ .

Evaluation of CMIP5 GCMs over Europe in terms of their skill in reproducing basic climatology is
given by e.g. Cattiaux et al. (2013), Kumar et al. (2014) and Jury et al. (2016).

3.5 Statistical downscaling

The idea behind (empirifastatistical downscaling (ESD)(19 to detect statistical relationships
between simulated fields from GCMs or RCMs and real local observations in historical climg),tand
apply these relationships on GCMs’ or RCMs’ future climate projections in order to reconstruct possible
statistics of the local climate in future periods. This means basically three ingredients are n@édisal
time-series of higkguality local observations (e.g. tinseries of total precipitation, 2m air temperature
and/or 10m wind speed)(2) GCMs or RCMs projections of either same quantities as in (1) or ofslealpe
gquantities than can strongly influence neaurface variables, an@3) development of statistical links
between (1) and (2). The science of statistical daatisg is in progress and is often associated with the
bias correction or bias adjustment methods (e.g. Piani et al., 2010, Themel3l et al. 2012). Bias adjustment is
of particular concern when results of GCMs and RCMs are needed for force various impats (eayl
forest fire spread model, detailed hydrological models, crop productivity models, etc.). For a quick
introduction into this topic consider e.g. climated4impact.eu portal and Benestad et al. (2008). Comparison
between dynamical downscaling approagted in and statistical downscaling is discussed in
https://climate4impact.eu/impactportal/documentation/backgroundandtopics.jsp?g=Downscaling In
practice, both downscaling approach may be considered for specific case study (Ayar et al. 2015).

In the context of EKCIRCLE project, partners and users of the CIRP platform may use already
available results of the GCGMr RCMbased international projas and initiatives. In contrast, functionalities
of several bias adjustment or empirical statistical downscaling methods could be implemented through the
CIRP platform due to their cheaper implementation from the computational and data storage pointvof vie
In addition, recently first results of the EU FP7 project CLUI@C/fvww.clipc.eu/  and of the so called
CORDEXdjust initiative became available through the ESGF system. These can be accessed from
https://lesg-dnl.nsc.liu.se/search/esgji/ (sekct “CORDEX-Adjust” project). As of January 2017, following
bias adjusted RCM fields are available (only variables available at the 12.5 km resolution are listed here):
biasadjusted neasurface wind speed, bigsdjusted daily maximum neaurface air terperature, bias
adjusted daily minimum neasurface air temperature, bisadjusted neaisurface air temperature, bias
adjusted precipitation and biaadjusted surface downwelling shortwave radiation. For each variable,
following information is providedl) underlying EURQORDEX RC{2) referent observational dataset and
(3) bias adjustment method applied by the specific research group.

3.5.1 Application of the ESD in EOIRCLE case studies

Risk management emphasising consequences of climate change orl orftestructure needs to
build on information about changes at a local lexelobal climate model@GCMs) are our main tools for
exploring a future climate change, however, they are designed to representdaaie features and do not
provide sufficiendetails for local consequences. It is nevertheless possible to infer local changes from large
scale changes because the local climate is dependent on-daede circulation. This is known as
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downscaling and may involve different approaches sucheaspiricalstatistical downscalig (ESD) and
nested highresolutionregional climate model@RCMs). It is also important to adapt the type of information
from the modelling and downscaling to suit the type of risk analysis on abges#se basis, and place in

the context of the specific situation. This requires an analysis of the information about past events to get an
appreciation of potential hazards. The greenhouse effect has increased until now due to heightened levels
of CQ over time, and a global warmirtas been observed. Historical observations already indicate trends

in the past, and we can expect these trends to become more pronounced in the future unless there are
physical reasons for a ndimear response. Hence, the analysis needs to include thé&/siseof historical
observations (data), and it is essential to build the analysis on information that has been used in the past for
safeguarding the infrastructure. Neither climate models nor downscaling provide a perfect representation
of the real world,and it is also important to validate the results that are used for the risk analysis. An
important point is for the climate modellers and those who carry out the downscaling to understand exactly
how the data is being used in the decision making, or hagvriumbers representing climatic conditions
enter the ‘equation’ used for planning. In many cases, local authorities need to follow national guidelines
according to law.

In EUCIRCLE, there were five pilot case studies for

I- The risk of wildfires in southe France. Roads and power are lines closed when there are wildfires,
and the wildfire hazard is strongest during summer and is exacerbated by droughts and heat waves.
An initial analysis has been carried out to get an idea about past and present condibiocerning
rainfall and dry spells. There were not abundance of data readily available, but there were some
rain gauge data from the ECA&D dataset ar@BS grids. The initial analysiscluded a trend
analysis concerning the mean duration of dry spedls it was assumed that the spell length
statistics follows a geometric distribution. There has been a decreasing trend in thdawet
frequency for the locations with the longest records, although one station further inland with
shorter record suggestedn increase. A slight increasing trend was found for the mean dry spell
duration in Marseilles over the period 19@013, which then suggests an increasing probability for
longer droughts. A trend analysis applied to gridded rainfa®BES) suggested gteat increasing
trends in the dry spell duration near the Mediterranean coast. For future projections, ESD will be
used to try to identify systematic dependencies between the-gpgll statistics and largecale
predictors. Some candidate predictors incdudnean sedevel pressure (SLP) and surface
temperatures. ESD can also take wildfire data as predictors to try to downscale the area affected.

II- The case study concerning storms and sea surge at sea port Gdynia in FRifgadines
authorities needs informéon about wind and waves to make risk analysis for pipe operation and
spill hazards. Wind measurements have traditionally been difficult to make with high accuracy and a
good representation of the conditions in the wider vicinity. The wind speed is g#ignlocal and
the measurements are often inhomogeneous over time due to changed surrounding environment.
The barometric pressure has often been used to infer wind statistiey dwne, as the
measurements are made with higher quality. Furthermore, tidgalggs can give some indication
about storm activity, which affect the wave height and give rise to storm surges. Synoptic storms, or
low pressure systems, are responsible for high winds and precipitation which are relevant for this
case study there are saranalyses of storm tracks which can be related to synoptic mealegela
pressure patterns (Hov et al., 2013). An assessment of future risks needs to involve the present
storm tracks and their dependency on larggale conditions such as sea surface terapure,
meridional temperature gradient, and the Arctic sea ice. ESD has been used to downscale storm
track statistics for the Barents Sea region (Benestad et al., 2016), and similar assessment can be
carried out for the Baltic Sea.

9 https://github.com/metno/esd_Rmarkdown/blob/master/E{Circle/eucircle_casestudy-1.pdf
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Figure 2.1 Stormtigks over the Baltic Sea. Source:
https://github.com/metno/esd_Rmarkdown/blob/master/EQircle/eucircle_casestudy-2.pdf

lll- Critical infrastructures such as power relays are exposed to flooding in Torbay, and waves, wind,
heavy precipitation, and encroachirgga level height represent a problem. Planning has used
national intensitydurationfrequency (IDF) curves for handling heavy precipitation and drainage of
excess water, and the municipal has access to local wave measurements. Climate change adaptation
will be based on recommended climate change factors compared to a given baseline as provided by
UKCPQ09. UKCPQ9 also provide maps, probabilities and plume plots. ESD can provide additional
information in terms of downscaled results based on large rmudtdel ensembles and for the
statistics of synoptic storm tracks. An analysis of past trends suggest a modest increase the
precipitation intensity for most rain gauge records in the vicinity of southwestern England, although
with some exceptions. Increased mearegpitation intensity translates to increased probability of
extreme precipitation, and downscaling attempts based on 108 RCP 4.5 CMIP5 simulations indicate
a slight increase also in the future. Other aspects include inundation from high seas. Loeaékea |
measurements for Torbay are lacking, however, there are tidal stations along the southwestern
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coast of England and the northern coast of France in the English channel. A sea level rise is expected
to exhibit a largescale character which varies smoltHfrom place to place, and a comparison
between sea level variations (PCA) supports this assumption. The local sea level is also expected to
depend on the global mean sea level, and therefore it is possible to calibrate a model for the local
sea level whih uses the global mean as input. There are also more statistically sophisticated
approaches, which have been explored in the Nordic research project eSACP. Storm surges from
synoptic storms may affect critical infrastructure by flooding the electric pawier(relay stations),

and a systematic displacement or shift in the storm statistics will have a strong influence since
southern England is located within the region with North Atlantic storm tracks.

IV- Winter flooding in Dresden may require evacuation frarban areas near the Elbe river. There are

also severe floods during summer, but winter is more difficult to cope with because it requires the
provision of shelter during cold conditions. The river levels are affected by heavy rain higher up in
the catchnent and rapid snow melting. Data of interest include Elbe river 1&tret covers a long
period, for instance daily maximum. There is a dense network of German rain gauge stations
available from the ECA&D data set, and tROES data provides gridded repentation. There is a
possibility that the river level statistics may lend itself to ESD analysis, in addition to the obvious
candidates such as precipitation and temperature. The timing of past flooding events may be used
together with the analogue methb and synoptic weather charts to understand the connection
between these extremes and the largeale situation. The task is to find dependencies of the risk of
heavy precipitation or snow melt (extremely high winter temperatures) to ke conditions

that can be reproduced realistically by GCMs. A downscaling analysis could potentially provide
probabilities for certain events, however, it is not yet clear exactly what type of numbers that are
used in the climate change adaptation and planning.

V- An impatant hazard in Bangladesh and its critical infrastructure is the consequence of tropical

cyclones and heavy precipitation which cause flooding and storm surges. The data from Bangladesh
is limited, although the Bangladesh Meteorological Department (BMi3) dome daily data on
precipitation and temperature. Tropical cyclones are lssgale phenomena, and their effect on
precipitation can be crudely represented through an index that aggregates the daily precipitation
across the country. Tidal gauge datom PSMSL can provide information when it comes to storm
surges, although it is important to beware of the limitation of rmertified data quality. Data is
available from five tide gauges in Bangladesh with measurements back to the 1970s. The presence
of several parallel and independent time series may be useful for evaluating the data quality.
Although the time series are short, the historical analysis should involve trend estimation and the
attempt to identify dependencies to tropical cyclone activityr8t tracks from the IMILAST project

may be explored, although it is not yet known whether they provide useful information in the
Tropics.

There is data, but only a very limited selection is availdiite://www.bafg.de/php/DRESDENELBEW.bfg.
http://www.psmsl.org/data/obtaining/stations/1451.php
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Figure 2.2 Sea level height for the tidal stations in Bangladesh. Based on
https://github.com/metno/esd_Rmarkdownibb/master/EUCircle/eucircle_casestudy-4.pdf
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4 Numerical weather prediction in Europe

4.1 Introduction

National weather services group their activities related to numerical weather prediction (NWP) into
international consortia. Currently, there are four (4YMR consortia in Europe focusing on shamge
forecasting, that is forecasting weather and weather extremes up to several days ahead (Figure 3.1). In
addition, those consortia develop forecasting models for mediange and extendedange forecasting.
Futhermore, European intergovernmental organization established European Centre for M&d#inge
Weather Forecasts (ECMWF) which is established by the European Commission focuses also on medium
and extendeerange forecasting. Thus, there are five main NWdReholder groups in Europe, as listed:

(1) ECMWF (European Centre for MediRange Weather Forecasts)
(http://wvww.ecmwf.int/en/research/modellingand-prediction)

(2) ALADIN Aire Limitée Adaptation dynamique Développement InterNational)
(http://www.cnrm.meteo.fr/aladin/)

(3) HIRLAM (HIgh Resolution Limited Area Modelyw.hirlam.org/)

(4) COSMOThe COnsortium for SmaitaleMOdeling) \www.cosmaemodel.org/)

(5) MetUM (Met Office Unified Model) (http://www.metoffice.gov.uk/research/modelling
systems/unifieédmodel)
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Figure 31: Shorfrange numerical weather prediction consortia in Europe.

These consortia have more or less intensive mutual collaboration. For example, ALADIN and HIRLAM jointly
develop certain aspects of their NWP models. National weather services also sdippcity developments

in ECMWEF, and vice versa. A few remaining countries not members of these consortia are using other
models such as the WRF (Weather Research and Forecasting) model.
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The following overview covers operational deterministic and prolsialiNWP systems in European
countries. Deterministic systems are typically used at higher resolutions and provide more detailed
information on a single representation of the forecasted weather conditions. Probabilistic prediction
systems provide lower retution multiple, yet equally likely, realizations of the forecasted weather
conditions. Both of those approaches are useful for prediction of weather extremes.

Both deterministic and probabilistic prediction systems may be configured using global modelsatied
limited-area models (LAMs). Global model provide forecasts on the entire globe with coarser resolution,
while LAMs provide forecasts on the selected area (domain) over the region of interest. LAMs are typically
configured on higher resolutiorh&n global models.

4.2 Overview of deterministic NWP systems within major consortia

4.2.1 ECMWHFS

Integrated Forecast System (IFS) is an operational global forecasting model and data assimilation system
developed and maintained by ECMWEF iroperation with MétéoFrance. The dynamical core of the IFS
model is hydrostatic, twdime-level, semimplicit, semiLagrangian and applies spectral transformation
between gridpoint space (physical parameterizations and advection are calculated there) and spectral
space. By sing this type of core, stability and accuracy are ensured, while very largestépe can be used

to perform the computation of the forecast within the acceptable time. IFS model has 137 vertical levels
and is discretised using a finidement scheme, hile a reduced Gaussian grid is used in the horizontal. For
research experiments, which are not used operationally, the-mgirostatic dynamical core may also be
used. Typical size of resolved processes is approximatelyridi cells, which are at nomingesolution of 9

km. The sulgrid scale features and unresolved processes are described in a statistical way by atmospheric
physical parameterizations. Namely, these are: radiative transfer, convection, clouds and stratiform
precipitation, surface exchargturbulent mixing, sugrid scale orographic drag and rorographic gravity

wave drag. Model is initiated four times daily (00, 06, 12 and 18 UTC) and run through forecasting period of
10 days (15 days for 51 member Ensembfemospheric Model (EMS),itlv coarser horizontal grid spacing

of 18 km and 91 vertical levels). IFS uses-dtimensional variational data assimilation (4ar) to create a
sequences of model states which fit as closely as possible with the available observations and background.
4D-Var analysis is performed on 12 hours assimilation windiw 09 UTC (for the 00 and 06 UTC analyses)

or 09-21 UTC (for the 12 and 18 UTC analyses). More information about the IFS model may be found on its
home page.

4.2.2 ALADIN

Within the ALADIN (Aire Litée Adaptation dynamique DéveloppemelnterNational) consortia there are

several Numerical Weather Prediction (NWP) systems used over limited geographic areas, e.g. ALADIN,
ALAR@, ALARA and AROME. Most of these models use either ARPEGE (ActionhdecRedetite

Echelle Grande Echelle) or IFS global model data as Lateral Boundary Conditions (LBC) with typical update
interval of 23 hours. ARPEGE model is a part of ARfiESSrediction system and it shares a major part of

the code with IFS model, httugh it uses different set of physical parameterizations and different vertical
discretization method.

ALADIN model has been developed by a group of scientists from 13 Central and Eastern European countries,
joint by 3 North African countries (Figure 3.1t shares a considerable part of the code with the global
models IFS and ARPEGE. ALADIN has the same vertical discretization (based on finite differences method),
dynamics and physics as ARPEGE, except for the fact that sivalienmodel and the 4EVAR assimilation

scheme are not coded within it. ALADIN uses spectral representation of horizontal fields by using the 2D
Fourier transformation limited with elliptical truncation, while ARPEGE uses Legendre polynomials in one
horizontal direction and Founietransformation in the other. ALADIN lateral forcing from ARPEGE is done
according to a Davies relaxation scheme. Primitive prognostic equations are solved for same variable in both
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models and those are: horizontal wind components, temperature, spedaificidity, and mean sea level
pressure. ARPEGE is initialized four times daily (00, 06, 12 and 18 UTC) and depending on the time of
initialization, it covers 602 hours forecasting range. Its horizontal grid spacing varies from 10 km over
France to 60 km ear antipode point. Depending on the needs and computing capabilities of member
countries, ALADIN is initialized mostly two or four times daily (eight times in Slovenia) and is run through
forecasting period of 3@4 hours. Typical horizontal grid spaciragies between 2 and 9 km. In vertical it

has 70 levels (with spacing increasing from distance above the ground level) like ARPEGE or less, except for
Czech and Slovenian versions which have 87 levels.

AROME (Applications of Research to Operations at dtiake) is a limitedrea model designed for fire

scale weather forecasting (horizontal mesike around 1 to 2.5 km). It was designed to improve stzorge
forecasts of severe events such as intense Mediterranean precipitations (Cévenole events), teevese s

fog and urban heat during heat waves. AROME is based on the dynamical kernel of tmedrustatic
version of ALADIN model and the physical parameterization package of theNWesesearch model.
AROME is used operationally at MétEmnce, as welks in Austria, Hungary and Portugal. It is initialized
two to eight times daily from data assimilation derived from the ARAESBBV/ar assimilation system and
adapted to the AROME finer resolution. Operational version of AROME has horizontal grid sp&ch km

and is run over 3@8 hours forecasting range on-80 vertical levels. As the AROME software is extremely
expensive to run, in particular for reine weather forecasting, a framework for the transition called
ALARO has been developed. ALAR®ased on the ALADIN model with a refined formulation of the
physical parameterizations. Through the time, the starting version named AQAB®been replaced with
ALAREL in some countries like Czech Republic and Poland. Main characteristics of-@\saRf are: (i)
multi-scale; parameterizations being as sealdependent as possible and giving physically consistent
results over a wide range of model resolutions, (ii) consistency of all formulation; in particular within the
3MT framework for the maor physical parameterization of precipitation, (iii) a prognostic character of
parameterizations, while they share the same information, approaches and level of complexity and (iv) code
stability, numerical efficiency and modularization. ALARi@Gtroducedimprovements and adaptations of
parameterizations for higher resolutions, near the grey zone, i.e. convection permitting scale. The focus is
put on radiation, turbulence, convection, clouds and microphysics. ALARO is typically run threi@h 36
hours foreasting period. Its horizontal grid spacing varies between 2 and 8 km. For more details on ALADIN
consortium models and activities please check its official web site.

4.2.3 HIRLAM

Within the international research programme HIRLAM (High Resolution Limited Amal)Mwo models

for both synoptiescale (HIRLAM model) and mesmle (HARMONIE model) prediction have been
developed. The HIRLAM model is a hydrostaticgpidt model, which shares part of a code with ALADIN.

Its dynamical core is based on a semplicit semiLagrangian discretisation of the mtlével primitive
equations, using a hybrid coordinate in the vertical. However, Eulerian dynamics can optionally be included
as well. Model prognostic variables including horizontal wind components, temperatpecific humidity

and linearized geopotential height are defined at full model levels, while pressure, geopotential height and
vertical wind velocity are calculated at hidiels. For horizontal discretization an Arakawgri@ is used.
Equations are vitten for general map projection, but in practice normally a rotated longitiatieude grid
projection is adopted. Unresolved sgjnid scale processes include: radiation, clouds and condensation,
turbulence, surface and soil processes, as well as medusatrgrid scale orography. In majority of member
states, HIRLAM is initialized four times daily (00, 06, 12 and 18 UTC) from eitivear 83D 4DBVar
assimilation data derived from IFS model or HIRLAM model of higher horizontal grid spacing. Depending on
the setup and horizontal grid spacing, which may vary between 3 and 17 km, the model is typically run over
24-74 hours forecasting range. LBCs are refreshed ewérhdurs. Besides the standard NWP setup, a
chemistry component has also been developed amdgrated into fully coupled atmospherichemistry
transport system, including a passive tracer transport.
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HARMONIE is a ndtydrostatic convectioqpermitting model, which is developed in cooperation with
Météo-France and ALADIN. It budds on model compnents that have been developed in these two
communities. At default horizontal grid spacing < 2.5 km the forecast model and analysis system are

basically those of the AROME model, while at coarser grid ALARO or ECMWEF physical parameterisations can
be used as well as the ones from hydrostatic versions of ALADIN and HIRLAM. Besides standard physics
package, HARMONIE also uses externalized surface scheme named SURFEX which distinguishes differen
surface types. Dynamical core of HARMONIE model is basedten-time level semimplicit semi
Lagrangian discretisation of the fully elastic equations, using a hybrid coordinate in the vEypibahally,

for larger domains and coarser resolutions the hydrostatic version of thislssgnangian scheme can be

used HARMONIE is initialized four to eight times daily either frorVV&Ddata assimilation derived from
HIRLAM/ALADIN models or from surface analysis. It is typically run-68end@urs forecast range on @5

model levels, and at default 2.5 km horizorgaid spacing. LBCs are refreshed evegytiburs. More details

may be found on official HHRLAM/HARMONIE web page.

4.2.4 COSMO

Besides its major purpose related to sredhle modelling, within COSMO (Consortium for SS8edle
Modelling; Figure 3.1.) consortiggerman meteorological service i.e. Deutscher Wetterdienst (DWD) was
developing global NWP hydrostatic GEM model in collaboration withEnckinstitut fir Meteorologie.

GME was recently replaced with ICOsahedral-Nydrostatic model (ICON). The nbydrostatic dynamical

core of the ICON model is formulated on an icosahetli@hgular Arakawa Qrid and uses the edge
normal wind component, the vertical wind speed, density and virtual potential temperature as prognostic
variables. Horizontal discretizati is performed by using the finite volume method on triangular volumes.
In the vertical, a generalizedtgpe terrainfollowing coordinate is used to allow for a rapid decay of
topographic structures with height, thereby reducing the numerical discréizakrrors over steep
mountains. Time integration is accomplished with a tiwmoe-level predictorcorrector scheme, which is
explicit, except for the terms describing vertical sowave propagation. Physical parameterizations are
partly taken from IFS an@OSMO models, while some like saturation adjustment had to be rewritten for
ICON itself. ICON was developed to have flexible grid nesting, in order to replace both GME aneELOSMO
7 km regional model at DWD. Compared to GME, ICON has finer horizastspaging of 13 km (20 km)
and vertical extent of 75 km (36 km), while the number of vertical levels is also increased to 90 (60 for
GME). ICON is initialized eight times daily (every 3 hours from 00 UTC) by uSengdaia assimilation and

run over 30,120 or 180 hours forecasting range.

Smallscale COSMO Model is a AHaydrostatic limitedarea model developed within the framework of the
Consortium for Smatbcale Modelling (COSMO; Figure 3.1.). It has been designed for both operational NWP
and various aentific applications on the megband meso-y scale. COSMO model is based on the primitive
thermo-hydrodynamical equations describing compressible flow in a moist atmosphere. Model equations
are formulated in rotated geographical coordinates and a gdiee@ terrain following height coordinate is

used in vertical. Basic set of equations is numerically solved using the traditional finite differences method.

Basic version of the COSMO model (formerly known as Lokal Modell (LM)) has been developed &.the DW
As a limitedarea model, the COSMO model needs LBCsfrom a driving model. Today it is possible to nest the
COSMO model into the global models ICON (from DWD) and IFS (from ECMWF). It is also possible to nest
the COSM@/odel into itself. Lateral forcingrdm driver model is done according to Davies relaxation
scheme as for the ALADIN model. LBCs are usually updated eSenpuks. Unresolved, stdrid scale

physical processes are taken into account by parameterization schemes. Part of physical paraineteriz

has been taken from LM, GME and IFS models, while the rest have been developed only for COSMO.
Included physical processes are: vertical diffusion, cloud and precipitation formation, convection, radiation,
and finally soil processes in a soil model.

Depending on the member country needs and capabilities, COSMO model is initialized one to eight times
daily from fourdimensional data assimilation based on observation nudging or without data assimilation for
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some setups (see Table 3.1 for details). fbdging or Newtonian relaxation relaxes the model's prognostic
variables (i.e., pressure, temperature, wind, and mass fractions of different water species) towards the
observations within a predetermined space and time window. The model is typicallyvam2478 h
forecasting period on horizontal grid spacing which varies between 2 and 14 km. Besides operational
forecasting, COSMO model is also used for regional climate and air pollution modelling, as well as for
research case studies.

4.2.5 Met Office UnifiedModel

The Met Office Unified Model (MetUM) is a NWP and climate modelling system originally developed and
used at the United Kingdom Met Office. However, nowadays it is both used and developed by many
weatherforecasting agencies around the world (e.gstalian Bureau of Meteorology and South Korea
Meteorological Administration). MetUM is a ‘seamless’ system in a sense that different configurations of the

same model are used across all temporal and spatial scales. Different configurations are eaatddesign
best represent the processes which have the most influence on the timescale(s) of interest. For example, for
accurate climate predictions the use of a coupled atmosptoeean model is essential, while for short
range weather forecasting a higher odgtion atmospheric model may be more beneficial than running a
costly ocean component.

The latest version of the atmospheric model uses-hgdrostatic dynamics with serhiagrangian advection

and semiimplicit time stepping. It is a grid point model withe ability to run with a rotated pole and
variable horizontal grid. A number of sghd scale processes are represented, including convection,
turbulent diffusion, radiation, clouds, microphysics and orographic drag. MetUM can be run as a global
model, a a limited area model and can also be coupled to land surface, ocean models, wave models,
chemistry and Earth system components. Global configuration, which was recently refined from 25 km
horizontal grid spacing to 17 km, provides a mediamge weatherforecast and also supports the nested
higher resolution regional models with LBCs. It is initialized four times daily (00, 06, 12 and 18 UTC) from
hybrid Incremental 4BVar data assimilation with MOGREPS Ensemble and run over 48 (06 and 18 UTC
runs)144 haurs forecasting range (00 and 12 UTC runs) on 70 vertical levels. Until recently, within MetUM
system there were several progressively finer regional models which have provided more accurate short
range forecasts, e.g. North Atlantic and European modeEJNEURO4 (Downscaler) and UK4 (Table 3.1).
With the latest addition of variable resolution UK model (UKV), these are either retired or suspended.

UKV is initialized four times daily (03, 09, 15 and 21 UTC) from hybker3iata assimilation derived from

global configuration and run over 36 hours forecasting range on 70 vertical levels. LBCs are refreshed every
1 hour. UKV has a high resolution inner domain (1.5 km horizontal grid spacing) over the area of interest,
separated from a coarser grid (4 km)anghe boundaries by a variable resolution transition zone. This
variable resolution approach allows the boundaries to be moved further away from the region of interest,
reducing unwanted boundary effects on the forecasts.

UK Met Office also has the capilyito relocate regional models to any area of interest worldwide. These
Crisis Area Models (CAMs) with horizontal grid spacing of 12 km are often used as a military support or in
case of natural hazards. Hadley Centre of UK Met Office has developedl smrdigurations suitable for
climate predictions from seasonal to centennial scales. These are of lower resolution than NWP models, and
include ocean and seae components coupled to the atmosphere model in order to represent the full
coupled climate stem. More information on both NWP and climate configurations of MetUM system may
be found on its home page.

4.2.6 Other data

Only few European countries do not participate in the development of NWP models within major consortia,

but rather use their own setupsf ETA, WRF and NMMB models (Table 3.1). Except Serbian global NMMB
model, all other are regional models. These models are initialized one to four times daily, using either global
models (e.g. NCEP, IFS, GME and NMMB) as lateral forcing or coarser géthgin®wn regional models.
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Forecasting range of these models varies between 48 and 216 hours, while horizontal grid spacing is

between 4 and 30 km. Except for few Bosnian configurations based on nudging technique, data assimilation
is not employed.
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Table 3.1: Overview of deterministic prediction systems in Europe as listed in EUMETNET (as of Dec 2015).

LBC
Countr H Number of | Number o Initial times & Type of data Model providing update Computer
y gridpoints levels Forecast ranges (h) assimilation LBCdata interval P
(h)
T15 16 610 x 568 40 0006/12/18 +60h 3DVAR ECMWF/IFS 3h
HIRLAM K05 5.5 874 x 534 40 00061218 +48h 3DVAR ECMWF/IFS 3h
Denmark SKA 3.3 874 x 658 65 0006/12/18 +54h 3DVAR ECMWF/IFS 3h Cray XT5
HARMON DKA 25 800 x 600 65 0006/12/18 +36h Surfana only ECMWF/IFS 3h
IE GLA 2.0 200 x 400 65 0006/12/18 +36h Surfana only ECMWF/IFS 3h
) ETAII 11 366 x 280 60 0006/12/18 +54h 3D-VAR fgat ECMWF/IFS 3h .
Estonia | HIRLAM Linux Cluster
ETB Il 3.3 306 x 306 60 00/12 +36h 3D-VAR fgat ETA I 1h
. HIRLAM 7.5 1030 x 81§ 65 0006/12/18 +54h 4DVAR ECMWF/IFS 3h
Finland Cray XC30
HARMONIE 2.5 720 x 800 65 00/030609/12151821 | +54h 3D-VAR ECMWF/IFS 3h
Iceland HARMONIE 25 300 x 240 65 0006/12/18 +48h Surfana orly ECMWF/IFS 3h Cray @ ECMWF
HIRLAM 11 654 x 424 60 00061218 +54h 4DVAR ECMWF/IFS 3h )
Ireland SGI Altix ICE X at ICHE(Q
HARMONIE 25 540 x 500 60 00061218 +54h Surfana only ECMWF/IFS 1h
CIS (7.2) 11 726 x 550 60 00061218 +48h 3DVAR ECMWF/IFS 3h
E11 (7.2) 11 306 x 290 40 00/0306/../1821 +60h 3DVAR ECMWF/IFS 1h
Netherlandg HIRLAM BullX B500
Cl1 (7.2) 11 306 x 290 40 000306/../1821 +24h 3D-VAR HIRLAM/CIS 3h
H11 (7.4) 11 306 x 290 40 000102..2223 +24h 3DVAR ECMWFHIFS 1h
BES (7.4) 7.7 438 x 301 65 0006/12/18 +48h 3D-VAR ECMWHIFS 1h
HA36 (36h1.4) 2.5 800 x 800 60 00/0306/../1821 +48h 3DVAR HIRLAM E11 1h
HA38 (38h1.2) 2.5 800 x 800 65 00/0306/../1821 +48h 3DVAR ECMWF/IFS 1h
HARMONI vl (38h1.2) 3 | 600 x1080| 65 000306../1821 | +48h 3DVAR ECMWF/IFS| 1h
VARtest 00/12 +24h
(36h1.4) 25 300 x 300 60 06/18 +6h 3DVAR ECMWF/IFS 3h at ECMWF
HIRLAM 12 864 x 698 60 0006/12/18 +66h 3D-VAR fgat ECMWHIFS 3h
8 344 x 555 60 00/06/12118 +66h 3DVAR fgat ECMWF/IFS 3h
Norway - SGI ALTIX ICE X HPC
HARMONIE Arctic 25 800 x 900 65 00/1206/18 +42h none ECMWF/IFS 3h
HARMONIE MetCoop 2.5 |1875 x 240 65 00/1206/18 +66h 3DVAR ECMWF/IFS 3h
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LBC
Country H Nu_mbgr of | Number 01 Initial times & Typg (_)f d_ata Model providing _update Computer
gridpoints | levels Forecast ranges (h) assimilation LBCdata interval
(@)
HIRLAM 17 582 x 424 40 00/006/12/18 +72h 3DVAR ECMWF/IFS 6h
Spain 55 606 x 430 40 00006/12118 +36h 3D-VAR ECMWF/IFS 6h Cryy X1e
HARMONIE Aladin 11 384 x 400 40 0006/12/18 +36h 3DVAR ECMWFIFS 3h
HARMONIE Arome 2.5 576 x 480 65 0006/12/18 +30h only SFC analysis ECMWFIFS 1h IBM @ ECMWF
HIRLAM 11 606 x 66 60 0006/12/18 +66h 4D-VAR ECMWF/IFS 3h Linux Cluster ClusterVision
5.5 | 506x574| 65 0006/12/18 +48h 3D-VAR ECMWF/IFS| 3h |Intel Xeon E®640v3 (Swede
Sweden +
HARMONIrome 25 | 750x960| 65 0006/12118 +60h 3DVAR3h-RUC ECMWF/IFS |  3h Linux Cluster SGI
Intel Xeon E2670 (Norway)
ALARO 4.8 600 x 540 60 0006/12/18 +72h surface analysis (Ol) ECMWF/IFS 3h
Austria AROME 25 | 600x432| 90 | 00D3DBOYAZLFLIERL | +48h surface Ol ECMWFIFS |  1h selicx
upper-air 3bVar
Belgium ALARO 7 240 x 240 46 0006/12/18 +60h none ARPEGE 3h SGI Altix 4700
4 192 x 192 46 0006/12/18 +60h none ARPEGE 3h
Bulgaria ALADIN 7 180 x 144 70 0618 +72h none ARPEGE 3h Linux Cluster
ALADIN 8 | 229x205| 37 00061218 +72h surface Ol ECMWF/IFS|  3h SGUV 2000
Croatia upper-air 3BVar 38 Intel Xeon I_55-6ore
ALADIN 4 469 x 421 73 00 +72h surface Ol ECMWFIFS 3h 2,9GHz CPUS with 228 corg
608GB RAM
Blend Var
Czech Rep ALARO 1 529 x 421 87 00/006/12/18 +54h| (Digital filter blending + 3D ARPEGE 3h NEC S¥
VAR)
7.5 00 +114h
ARPBE Fr?’a;ce global 105 (1)2 :;‘212 4D-VAR; 6h - -
Antipode 18 +60h
France ALADINFranceCEP 75 | 389x389| 105 00 ¥54h| Dynamical Adaptation | coyvenes | 3n BULL Intel Ivy Br.
12 +42h coupled with IFS
00/12 +42h
AROMEHE-rance 1.3 1440 x 153 90 03 +3%h 3DVAR ARPEGE 1h
06/18 +36h
09/1521 +7h
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LBC
Countr H Number of | Number o Initial times & Type of data Model providing update Computer
y gridpoints levels Forecast ranges (h) assimilation LBCdata interval P
(h)
Réunion 489 x 799 00/12 +84h ARPEGE
Polynesia 475 x 529
France |ALAD y '_ 8 70 3DVAR 3h
Overseas| N Caledonia 349 x 277 0618 +54h ECMWF/IFS
Ant. Guayana 501 x 439
00 +54h
ALARO 8 349 x 309 49 06 +48h 3DVAR ECMWF/IFS 3h
12 +48h
Hunaar 18 +36h IBM iDataPlex
gaty 00 +48h Cluster
06 +36h
AROME 25 490 x 310 60 3DVAR ECMWF/IFS 1h
12 +48h
18 +36h
ALARO 4 789 x 789 60 000612 +66h none ARPEGE 3h Linux cluster
Poland 18 +60h
(194xIntelXeon EB2690 CPUg
AROME 2.55 | 637 x 637 60 00061218 +30h none ALARO (4km) 1h
ALADIN 9 277 x 439 46 00/12 +72h none ARPEGE 3h
Mainland 25 540 x 480 46 00/12 +48h none ARPEGE 3h IBM Power7+
Portugal ARO
ME Azores 25 259 x 349 46 00/12 +48h none ARPEGE 3h (8+1 nodes)
Madeira 25 189 x 181 46 00/12 +48h none ARPEGE 3h
00 +78h
. 06 +54h .
Romania ALADIN 6.5 240 x 240 60 12 +66h none ARPEGE 3h IBM Linux Cluster
18 +54h
00 +78h upper-air digital IBM p755
Slovakia ALADIN 4.5 625 x 576 63 06/18 +36h filter blending ARPEGE 3h 10 ngdes
12 +72h| CANARI surface analysig
: 0006/12/18 +72h .
Slovenia ALADIN 4.4 421 x 421 87 0309/1521 +36h surface Ol, 3DVAR, 3h Ry ECMWFHIFS 3h SGI Altix ICE 8200
ALARO 4.5 439 x 705 60 12 +60h none ARFEGE 3h SGI Altix 4700
Turkey ' 0006/18 +72h
AROME 2.5 501 x 989 60 00 +48h none ARPEGE 3h SGI UV2000
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LBC
Countr H Number of | Number o Initial times & Type of data Model providing update Computer
y gridpoints levels Forecast ranges (h) assimilation LBCdata interval P
(h)
2 00/12 +180h
. ICON 13 global 90 0618 +120N 3DVAR, 3h - - o caoms
ermany COSMO EU 7 | 665x657| 40 00/1206/18 +78h Nudging GME 1h ray
DE 2.8 421 x 461 50 00/0306/.../1821 +27h Nudging COSMEEU 1h
GR7 7 649 x 393 60 00/12 +72h none ECMWF/IFS 3h
Greece | COSMO IBM @ ECMWF
GR2 2.8 501 x 401 60 00/12 +48h none COSMGGR 1h
HRM 10 577 x 347 40 Ensemble FG +9h LETKF, 6h ECMWF/IFS 3h IBM @ ECMWF
ME 7 779x 401 40 0012 +78h LETKEF (interp) ECMWF/IFS 3h .
- HP Linux Cluster
Italy COSMO IT 2.8 542 x 604 50 00/12 +24h Nudging COSM&ME 1h
17 7 297 x 313 40 00/12 +72h Nudging ECMWF/IFS 3h Ix Linux Cluster
12 2.8 447 x 532 45 00/12 +48h Nudging cosma7 1h P
PL14 14 193 x 161 35 00/12 +78h none ICON 3h
Poland | GOSMO 00/12 +78h i HP Xeon Cluster
PL7 7 385 x 321 40 06/18 +a8h Nudging ICON 3h
PL2 2.8 285 x 255 50 00/12 +36h none COSM@PL7 3h
_ RO7 7 201 x 177 40 00/12 +78h Nudging GME 3h IBM Cluster
Romania | COSMO
RO2 2.8 361 x 291 50 00 +30h none COSMERO7 1h (Blade Server)
Global 70 global 31 00112 +174h 3DVAR, 6h - -
00112 +78h
RUSIB 14 360 x 250 40 06/18 +a8h none GME 3h S Al 4700
. iX
Russia 00/12 +78h .
COSMO RU7 7 700 x 620 40 06/18 +a8h Nudging GME 3h SGI ICE 8200
RU2 Moscow 2.2 420 x 470 50 00061218 +24h Nudging COSMERU7 1h
RU2 Sochi 2.2 420 x 470 50 00061218 +24h Nudging COSMERU7 1h
Switzerland COSMO 7 6.6 393 x 338 60 000612 +72h Nudging ECMWF/IFS 1h CRAY XE6

12

Model has recently replaced old GME model (follow the text in subchapter 3.2.1.4.).
Grant Agreement 653824

ublicP

Paged44



D2.1 Report on Typology of Climate Related Hazards

LBC
Countr H Number of | Number o Initial times & Type of data Model providing update Computer
y gridpoints levels Forecast ranges (h) assimilation LBCdata interval P
(h)
03 +45h .
2 2.2 520 x 350 60 000609/42151821 | +33h Nudging COSM& 1h
70 00/12 +144h
25 | global 1 sokm) 06/18 +48h ADVAR - -
NAE? 12 | 600x 360, "0 0006/12/18 +48h 4D-VAR UM (Global) 3h
(top 80km),
United 70
: UM UK4 4 360 x 288 0309/1521 +36h 3DVAR UM (Global) 1h IBM P7
Kingdom (top 40km),
4 70 00/12 +120h
Downscalel 4 360 x 288 (top 40km) 06/18 +60h none UM (Global) 3h
UKV 15 744 x 928 70 00/0306/.../1821 +36h 3DVAR UM (Global) 1h
(top 40km)

13
14
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Country H Model Mesh size Nu_mbgr OT Number of Initial times & Typ_e gf d_ata Model providing _LBC update Computer
(km) | gridpoints| levels Forecast ranges (h) assimilation LBC data interval (h)
HRM 14 161 x 161 40 00/12 +72h none GME 3h
WRENMM D1 30 74 x98 | 35 00 +48h none NCEP/GKB8.5deg) 3h
BosniaHerzegoving D2 10 40x58 | 35 00 +48h Nudging WRFNMM(D1) 1h Linux PC
D1 18 100 x 68| 35 00 +72h none NCEP/GFS(0.5de] 3h
WRFARW -
D2 6 58 x 61 | 35 00 +72h Nudging WRFARW(D1) 1h
NMM-HIRES 7 100 x 151 38 00/12 +96h none ECMWF/GFS 3h Linux Cluste(32 node)
12 196 x 216 38 00 +144h none ECMWF/GFS 3h
Montenegro 5 110 x 170 40 00112 +144h none ECMWF/GFS 3h
WRFNMM 1 100 x 250 60 00/12 +144h none WRFNMM (5 km) 3h Linux PC (4 core)
10 100 x 170 40 00/12 +120h none NCEP/GFS (0.5de 3h
5 110 x 0| 40 00/12 +120h none WRFNMM (10 km 3h
ETA 26 145 x 241 32 00/12 +120h none GME 6h Linux PC
4 220 x 290 45 00/12 +72h none ECMWF/IFS 3h HP XC 256 Xeon
Serbia WRFNMM 12 260 x 500 38 00/12 +120h none GME 3h HP XC 128 Xeon
12 260 x 500 38 00/12 +120h none GFS 3h
30 global 64 00 +216h none none (global) - .
NMMB HP Proliant DL380 G7, 384 Intel Xe
10 394 x 326 64 00 +120h none NMMB global 3h
Cyprus WRFARW 2 88 x 55 | 37 00/12 +120h none NCEP/GFS 3h (Cyprllj?\l/llgz’taJ?eP;;'(e?:?IfSCMgaciIity
5 00/12 +240h 4D-VAR; using errq
ECMWF IFS 16 global | 137 06/18 +90h estimates fror% ED - - IBM/CRAY

15
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4.3 Overview of probabilistic NWP systems

In order to obtain perfect weather forecast we would need precise knowledge of every priocéss
atmosphere and this knowledge should be perfectly implemented into the forecasting system. However, set
of prognostic equations used to obtain deterministic weather forecast represents only an approximation of
the actual state of the atmosphere. Msurements, which quantify the initial state of atmosphere and are

the first step towards the weather forecast, are neither perfect nor complete. Hence, every single forecast
is, to some extent, uncertain. As atmosphere is chaotic system, small uncegaminitial conditions (IC)

can result in large errors in the prediction, especially with the growth of forecast time. For the purpose of
assessment of forecast confidence due to imperfect IC, Ensemble Prediction Systems (EPS) were developed.
EPSes areomposed of large number of deterministic forecasts, where each of these forecasts (ensemble
members) is based on a slightly different, but realistic, configuration of the IC. Typically, the EPS members
move apart with increasing forecast time. They conamyidea of the predictability of weather conditions,

and provide the basis for probabilistic forecasts.

Although they are usually based on simplified deterministic forecasts with coarser grid spacing, EPSes are
computationally very expensive and each mamktate of specific consortia cannot afford to run them.
Hence, they are usually limited to one EPS based on global deterministic model forecasts per consortia plus
one or more EPSes based on regional deterministic model forecasts (Table 3.2).

43.1 ECMWF VARPS

ECMWF was among pioneers in the development of the EPS. Their first EPS became operational in 1992. In
2008. ECMWF EPS was merged with the monthly prediction system and has been coupled to a dynamical
ocean model. Since then it has been producingda$probabilistic forecasts initialized at 00 and 12UTC

each day. Currently operational EPS probabilistic forecast is based on 52 integrations at approximately 18
km horizontal grid spacing up to forecast day 10 and 36 km thereafter. Vertical resolutiso isoarser
compared to the deterministic model, as here they have only 92 levels (Table 3.2).

One of the EPS members is at a higher spatial resolution than the other members (HRES). Its initial state is
the most accurate estimate of the current conditicarsd it uses the currently best description of the model
physics. Averaged over many forecasts HRES is the most accurate forecast for a certain period, which is
currently estimated as 10 days for largeale properties of the atmosphere. However, for anytipalar

forecast it may not be the most skilful member of the EPS. ECMWERBRas one more specific member
(CNTL, i.e. control forecast) which is at a lower spatial resolution than the HRES, but at that specific
resolution it utilises the most accuratestimate of the weather conditions and the currently best
description of the model physics. Its significance for the EPS is that it provides the unperturbed member to
which the perturbations for the remainder of the ensemble members are applied. Therpediuembers

(50 of them) are similar to the CNTL, but their initial states and model physics have been perturbed to
explore the currently understood range of uncertainty in the observations and the model. When averaged
over many forecasts, they have lowskill than HRES or CNTL (not valid for any single forecast). However,
they do provide an estimate of the forecast uncertainty or confidence. For more information about ECMWF
VAREPS and detailed list of available probabilistic outputs, please chec&l&GiWF web page.

4.3.2 PEARP (ARPEGE EPS), AL-AREY¥ and ALAREPS

Within the ALADIN consortia some weather centres or minorggohps have developed and operationally
use their own EPSes based either on global or regional models. Brief overview is dgiverfoiifowing
paragraphs.

PEARP (Prévision d’Ensemble ARPEGE}) is a global short-range 35 member (34 plus control) EPS developed at
Météo-France and operationally used since 2004. It is run twice daily (06 and 18 UTC) and produces
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probabilistic forecast wi forecast range up to 108 hours (72 hours for 06 UTC run). PEARP uses almost the
same configuration of the operational deterministic global numerical weather prediction model ARPEGE.
The main difference is in slightly coarser horizontal grid spacingretheced number of vertical levels.
Perturbations to the ICs are computed by combining an Ensemble Data Assimilation (EDA) system with
singular vectors. Singular vectors are computed over seven different areas around the globe, with different
optimization imes and norms. Model uncertainties are represented through a ‘multi-physics’ approach with

the set of 10 different physical parameterizations.

ALADNLAEF (Aire Limitée Adaptation Dynamique Développement InterNationiatited Area Ensemble
Forecasting)si an EPS developed within the framework of the international cooperation of LACE (Limited
Area modelling in Central Europe). The main goal of ALABEY is to add value to probabilistic mesoscale
shortrange forecasts compared to global ensemble systdinis running operationally from 2009 and
produces probabilistic forecast twice daily (00 and 12 UTC) on a grid with horizontal spacing of 11 km and
with 45 vertical levels. Integration is performed over 72 hours forecast range for totally 17 EPS mé@bers (
plus control driven by ECMWF VERS control run). The 16 perturbed members differ in their IC, LBC
(interpolated from first 16 ECMWF VRS members) and in the ALADIN model configuration. Generation
of initial perturbations for the ALADINAEF is donseparately for upper level and surface fields. For the
initial perturbation of upper level fields, smlled Breedindglending method is used. It combines large scale
perturbations from ECMWF VARPS with small scale perturbations from 12h forecasts tiwrprevious
ALADINLAEF forecasts by using the digital filtering method. The surface initial perturbations are generated
from 12h forecast of ALADINAEF, where in the initial fields ECMBRS surface fields are exchanged with

the current ARPEGE analy3is.account for model uncertainties every foreegségration uses a different
ALADIN configuration. The configurations differ in ALADIN model cycles and different combinations of
parameterization schemes including: radiation, turbulent diffusion, clobgsigs, deep convection and
shallow convection. The results of ALAIDINEF are archived in the MA&RShiving system at ECMWF with

an output frequency of one hour.

Hungarian Meteorological Service (HMS) developed EPS based on the hydrostatic versidRimdde|

which produces probabilistic forecasts once daily (18 UTC) on a grid with horizontal spacing of 8 km and
with 49 vertical levels. Forecast covers entire central Europe, as well as some parts of eastern and southern
Europe. The system is based ogimple dynamical downscaling of first 11 members from PEARP EPS, i.e.
there is no generation of local perturbations or data assimilation. Integration with ALARO model is
performed through 60 hours forecasting range, with LBCs update interval of 6 hparsitionally available
products include majority of surface parameters, as well as vertical profiles (both at model and standard
pressure levels) of temperature, geopotential, wind and relative humidity.

Besides above mentioned EPSes used within the ALAfrbbrtia, MétéeFrance is working on the
development of convectiopermitting EPS based on the AROMENce model. Current experimental setup

of AROMEEPS includes 12 members. Integration is performed twice daily (09 and 21 UTC) through the
forecast rang of 45 hours. Perturbations of initial conditions include uncertainty due to: IC, LBC, surface
conditions and the model (Stochastic Perturbation of Physics Tenden8ieBT). LBCs are provided from
PEARP EPS by selection process based on the clustgonthen. It is expected that the ARONEPS will

be operational by the end of 2016. For more details on ALADIN consortium EPSes please check its official
web site.

4.3.3 LAMEPS, HIRLAED5 and MMSREPS

Within the HIRLAM consortia, some of the member countriegldgvregional, shorscale targeted EPSes.
Namely, these are: (i) LAMEPS (Limited Area Model Ensemble Prediction System) of Norwegian
Meteorological Institute (NMI), (i) HIRLABOS of Danish Meteorological Institute (DMI) and (iii) MMSREPS
(Multi-modekMulti-boundaries Short Range Ensemble Prediction System) of Spanish Meteorological
Institute (SMI).
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LAMEPS is a regional shectle targeted EPS run with the Norwegian version of the HIRLAM model at 12

km horizontal grid spacing, with 60 vertical levelss Hriven by members of the ECMWF MAFS which are

targeted to produce maximum spread among ensemble members after 48 hours in the northern Europe
and adjacent sea (Targeted EPS or TEPS). Anmadlél EPS (NORLAMEPS) is also produced by combining all
LAMEPS and TEPS members simultaneously. Even though the combined system is to some extent an auto
duplication, the ensemble spread is larger for two reasons: (i) there are uncorrelated differences between
fields from the different models and (ii) the LAME®Strol forecast with HIRLAM can deviate considerably

from the TEPS control with the ECMWF. TEPS uses the same model version and the same setup as used for
the operational EPS at ECMWEF. Only 20 ensemble members plus the control one are computed opposed to
52 for ECMWF VARPS. The TEPS forecast length is 96 hours and it is run on ECMWF computer once daily
at 12 UTC. LAMEPS is produced by applying 21 TEPS ensemble members both as LBCs (every 3 hours) and
perturb the IC for the limitegarea model. The LANFS initial perturbations are the TEPS perturbations
(difference between TEPS control and individual members) valid at forecast lead time increased by 6h. The
LAMEPS control run is made from the HIRLAN&Danalysis valid at 06 and 18 UTC and its forémagth

is 60 hours. When interpreting the results of joint NORLAMEPS system, one has to keep in mind that its two
sets of members (TEPS and LAMEPS) are not fully independent, and the model differences probably
underestimate the actual model uncertainties.

HIRLAMEOS is a 25 member high resolution limiaca EPS developed at DMI. Its members combine 5
different IC, 2 different clouds schemes, stochastic physidsperturbed roughness lengths for selected
vegetation types. EPS members are obtained frorb 8®del, which is slightly modified version of
deterministic KO5 configuration. Smattale SO5 model (covers northern and western Europe) is nested into
largescale T15 HIRLAM model (covers large part of northern hemisphere), which is nested intoFobal |
model. T15 model is run from 3Zar analysis, while SO5 uses T15 analysis interpolated to the S05 grid with
additional surface analysis used as a first guess. Model is initialized four times daily (00, 06, 12 and 18 UTC)
and integrated through 36 houferecasting period. LBCs are updated every 3 hours. Perturbations of IC are
obtained by using soalled Scaled Lagged Average Forecasts method (SLAF), i.e. old forecastsschlmall
model are rather used than current forecasts from the larggale EPS.he basis of SLAF method is scaling

of forecast error (difference between old forecast and recent analysis) in a way that relatively large forecast
errors of older forecasts are damped more than relatively small forecast errors of recent forecasts.
Pertubations of LBCs are obtained similarly as for IC, while physics stochastics is taken from ECMWEF.

MMSREPS is a regional, skewale targeted EPS which uses a Mulbdel Multrboundaries (MM)
technique. MM technique consists of running several numericatiet® initialized with several different

global models. Five different models which are run within MMSREPS are: HIRLAM, HRM (High resolution
Regional Model) from DWD, MM5 (Mesoscale Model version 5) from Penn State University, MetUM and
COSMO. LBCs and #ts taken from four different deterministic global models: IFS, MetUM, GFS of NCEP
(National Centers for Environmental Prediction) and GME. MMSREPS is consisted of 72 hours long forecasts
from five numerical models, mixed with ICs and LBCs from four gloddéls. The integration process is
repeated four times daily (00, 06, 12 and 18 UTC) in order to build an 80 memberesispanble.
MMSREPS based probabilistic forecasts are obtained from four closest 20 member ensembles (constitute
one supefensemble) tw times daily (00 and 12 UTC). SMI is currently developing new convection
permitting EPS named$REPS which should replace MMSREPS and produce probabilistic forecasts at 2.5
km horizontal grid spacing. It will be based on integration of HARMONIE and @dRFs four times daily

(00, 06, 12 and 18 UTC) with ICs and LBCs from a bit changed set of global models compared to MMSREPS
For more details on HIRLAM consortia EPSes you may check its official web page.

4.3.4 COSMEDEEPS and COSME&PS

Within the framework & COSMO consortium there are currently two groups which develop EPS based
forecasts. DWD develops COSMEEPS, while ARFMC from Bologna develops COSMEPS. COSMO
DEEPS is a 20 member EPS based on the regional NWP model - ©OBSMith horizontal gridpacing of
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2.8 km and 50 vertical levels. It is operationally used since 2012. The forecast range of-CESREis 27

hours, starting every 3 hours. This rapid update cycle allows for the frequent use of the most recent radar
observations in the data asnilation, which is essential for the shoange forecast of precipitation. The

LBCs for COSMRQEEPS are provided by BCEPS (Boundary Condition EPS), which isnadeliipproach

based on forecasts of four global models (IFS, ICON, GFS, and GSkhesel&peteorological Agency
(JMA)). The uncertainty in the ICs is estimated using BCEPS as well, i.e. the forecasts of the global models
valid at the start time of COSMREEPS provide perturbations to the operational COSbEanalysis. The

model uncertaity is quantified by different configurations of the standard parametrization schemes and by
perturbations in the soil moisture.

COSMELEPS is a Limitedea Ensemble Prediction System developed by ARRAL in order to improve

the shortto-medium range fogcast of extreme and localised weather events. It is made up of 16
integrations of COSMO model, which is nested on selected members of ECMVEP §¥ARelection process
includes clustering of similar global EPS members and selection of representative nuéraaein group. It

is assumed herein that the majority of information from global EPS will be retained, while the number of
LAM integrations will be significantly reduced. COSMNEBS is currently running twice daily (00 and 12 UTC)
on a grid with 7 km hozontal spacing and 40 vertical levels. It provides forecast for central and southern
Europe with 132 hours forecast range. Detailed list of its products can be seen at official COSMO web page.

Besides above mentioned EPS systems, DWD currently prepagsbigé EPS system based on the ICON
model. ICONEPS should cover entire globe with-@urs forecast range. Moreover, it will provide
additional boundary conditions for the high resolution COSMEEPS. The ICON ensemble is planned to be
operational in 2Q7. Major scientific goals are to construct fgsbwing perturbations based on analysis
ensembles from EDA, and the simulation of model error using dynamically consistent perturbations of
model tendencies.

4.3.5 UKMO MOGREPS

The Met Office Global and Regionak&mble Prediction System (MOGREPS) is a 24 member EPS designed
specifically for a shomange weather forecasting. It focuses on aiding the forecasting of rapid storm
development, wind, rain, snow and fog. The global ensemble (MOGREP®duces forecastfor the

entire globe for a period up to one week (extended from previous 72 hours when horizontal grid spacing
was around 60 km) and its outputs are used as LBCs for the regional ensemble (MO&GRHRS regional
ensemble produces forecasts for an a@avering the UK for the next 36 hours. In the UK ensemble the
model parameters (temperature, pressure, wind, humidity, etc.) are forecasted at model grid with 2.2 km
horizontal spacing and on 70 vertical levels. The UK ensemble covers a limited aneagledal ensemble
provides information on the weather entering the UK model domain through the boundaries. Because the
global ensemble covers a much larger area, it is run at a lower resolution with grid points separated by
about 33 km. Both global andgmnal EPSes are run four times daily, starting from 00 UTC for global EPS
and from 03 UTC for regional EPS. Until recently, UKMO also produced another version of regional EPS
which covered entire North Atlantic region on a grid where adjacent grid poiete separated by about 18

km (MOGREPS).

Initial condition perturbations for MOGREPS EPS are calculated using the Ensemble Transform Kalman Filter
(ETKF). The perturbations are rescaled to ensure they are consistent with forecast errors using a variable
inflation factor. The ETKF produces a set of perturbations which are added to the Met Offitee 4balysis

to provide the initial state for ensemble members. For more details on MEFSREPS please check-Met
Officeofficial web page.
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Table 3.2: Overviewf probabilistic prediction systems in Eur@sdisted in EUMETNET (as of Dec 2015)

Number of

gridpoints

Number of
levels

Initial times &

Type of data
assimilation

Model providing
LBC data

LBC updatt

Number of
EPS members

Forecast ranges (h)

SLAF, stoch. Physics;

interval (h)

Denmark HIRLAMEOQOS 5 496 x 372 40 00/006/12/18 +?? . ECMWF 3h 25
2 physics packages
EDA perturbations +
Norway LAMEPS / HIRLAI 12 232 x 371 60 06/18 +6orinitial ECMWE EPS SVs ECMWF EPS 3h 20+1
. HIRLAM, HRM, Downscaling of ECMWF ECMWEF, GFS,
Spain cosmo, mvs, Uy 28 366 x 272 40 ooz *7215FS, GME, UM, CMC GME, UM, CMC 3h 25
Austria Blending ECMWF SV
(for ALADIN/LAC ALADINLAEF 11 600 x 500 45 00/12 +72hand ALADIN Breeding ECMWF EPS 6h 16+1
Ensemble Land Surface Arsdy
Erance PEARP 10 -6|Br::ince lobal % 06 +90KSV initial perturbation; i ] 35
(ARPEGE EPS) : 9 18 +108tcoupling with global ensemble D
Antipode
Hungary SV initial perturbation
(for ALADIN) ALARO 8 349 x 309 49 18 +60kin PEARP PERP 6h 10+1
IC from deterministic COSMDOE [Boundary Conditio
Germany COSMEDEEPS 2.8 421 x 461 50 000306.../1821 +27Fperturbed by data from BCEPS |EPS 1lh 20
Italy Interpolation from ECMWF EPS
(for COSMO) COSM@.EPS 7 511 x 415 40 00/12 +132ksoilanalysis fields from COSMO_ECMWF EPS 3h 16
MOGRERS" 60 432 x 325 70 00061218 +72HLocal ETKF - - 24 (lagged)
United Kingdom [MOGRERE' 18 400 x 240 70  |0006/1218 +54HDownscaled MOGRERS MOGRERS 3h 24 (lagged)
MOGRERBK 2.2 532 x 654 70 0309/1521 +36HDownscaled MOGRERS MOGRERR 1h 24 (lagged)
31 TL63%d0- d10) SV initial perturbation +
ECMWF IFS VARPS 62 T"Sﬁ(g)lo' 62 0012 3600 - nsemble Data Assimilation i i S0+1

Horizontal grid spacing of individual members is refined to around 33 km, i.e. total number of grid points is increa®ed @@C0-orecast range is increased to 168 hours.
This part of MOGREPS systemoisptoduced anymore.

18

In fact, the number of EPS members is not 50+1, but 50+2. Horizontal and vertical resolution have been impi@o#airtdbe text in subchapter 3.2.4.)
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4.4 Overview of output data formats

Each weathr forecast service stores its re@the and historic NWP data in a predefined data format over
the area of interest typically a domain of the model integration. NWP data having spatial coverage over a
certain domain of interest (e.g. used for spatial gse, mapping etc.) in Europe may be typically available

in the following formats:

(1) GRIB
(2)  NetCDF
(3) FA

The formats of NWP spatial data are described in the sections below.

For point based forecasts, many other formats are available (.csv, xml, ascii). Fomatsnt based
forecasts will not be described here further.

44.1 GRIB

GRIB (GRIdded Binary or General Regedéstyibuted Information in Binary form) is a concise data format
used for storage and transport of gridded meteorological data, such as thoseNgl or climate models.

It is designed to be setfescribing, compact and portable across computer architectures, which is facilitated
by the fact that the size of GRIB files is typically 12 to 13 of the size of normal binary files (floats). The GRIB
standard was designed and maintained by the WMOA GRIB file contains one or more data records,
arranged as a sequential bit stream. Each record begins with a header, followed by packed binary data. The
header is composed of unsigneebB numbers (octets)It contains information about: (i) the qualitative
nature of the data (field, level, date of production, forecast valid time, etc.), (i) the header itself-(meta
information on header length, header byte usage, presence of optionaheaders), (iii) ta method and
parameters to be used to decode the packed data, and (iv) the layout and geographical characteristics of the
grid the data is to be plotted on.

Over the years, the WMO issued three editions of the GRIB standard: GRIBO, GRIB1 and GRIB&s GRIBO w
used to a limited extent by some projects, but now is outdated, unsupported and very rarely used. GRIB1 is
used operationally worldwide by most meteorological centers for NWP outputs. Its future development is
suspended, and there is a medium term ptaneplace it completely by newer and advanced GRIB2 format.
Unlike GRIB1 which needs separate parameter table to unpack the data, GRIB2 improves upon the standard
with the compression and the inclusion of mentioned parameter table. Compression is ebyuwisthg the

same compression software used for images which gains in a roughly 50% reduction in file size over GRIB1.

4.4.2 NetCDF

NetCDF (Network Common Data Form) is a file format designed to support the creation, access, and sharing
of arrayoriented scienfic data in a form that is setffescribing (contains information defining the data
within the file) and portable (data are in the form which can be accessed by computers with different ways
of storing integers, characters, and floatipgint numbersf!. It is used extensively in the atmospheric and
oceanographic communities to store variables, such as temperature, pressure, wind speed, etc. Array values
may be accessed directly, without knowing the details of how the data are stored. Auxiliary information
about the data, such as what units are used, may be stored with the data. Generic utilities and application
programs can access netCDF datasets and transform, combine, analyse, or display specified fields of the
data. The development of such applicatiorssHed to improved accessibility of data and improved re
usability of software for arragriented data management, analysis, and display. NetCDF format was
developed and is updated by the Unidata program at the University Corporation for AtmosphericcResear
(UCAR).

Until version 3.6.0, all versions of netCDF employed only one binary data format, now referred to as netCDF
classic format. In version 3.6.0 a new binary format was introducedjt@ffset format. Nearly identical to
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netCDF classic format,lses 64bit offsets, and allows users to create far larger datasets. In version 4.0.0 a
third binary format was introduced, stalled HDF5 format. Starting with this version, the netCDF library can
use HDFS5 files as its base format. By default, netCDRhesekassic format. In order to use the-b# offset

or netCDRYHDF5 format, one has to set the appropriate constant when creating the file.

443 FA

FA (Fichier ARPEGE) files are type of NWP output files used within the ALADIN and HIRLAM consortium.
Essentilly they are very similar to GRIB files, i.e. may be consisted of eithepajritidata or spectral
coefficients and can be compressed or uncompressed. Major difference between those two types of files is
in fact that FA files cannot be split in multifies each of whom would contain only one field with its own
header. For more details look in [C]

Appendices

A) WMO Code Form FM 9X Ext. GRIB (http://www.wmo.int/pages/prog/www/WDM/Guides/Guide
binary-2.html)

B) NetCDF Users Guide (http://www.unidata.ucauésbftware/netcdf/docs/user_guide.html)
C) A Guide to the FA file format (http://www.cnrgamemeteo.frigmapdoc/spip.php?article42)
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5 Hydrological cycle and hydrological parameters

Hydrology has been a subject of investigation and engineering for millennée tBe 1950s, hydrology has
been approached with a more theoretical basis than in the past, facilitated by advances in the physical
understanding of hydrological processes and by the advent of computers and espegeiatlyaphic
information systemgGIS).

The central theme of hydrology is that water circulates throughout Faeth through different pathways

and at different rats. The most vivid image of this is in the evaporation of water from the ocean, which
forms clouds. These clouds drift over the land and produce rain. The rainwater flows into lakes, rivers, or
aquifers. The water in lakes, rivers, and aquifers then eidénaporates back to the atmosphere or
eventually flows back to the ocean, completing a cycle. Water changes its state of being several times
throughout this cycle.

The areas of research within hydrology are concerning the movement of water between assvatates,

or within a given state, or simply quantifying the amounts in these states in a given region. Parts of
hydrology are developing methods for directly measuring these flows or are@i water, while others are
modeling these processes either farientific knowledge or for making prediction in practical applications.

The hydrology is also very sensitive to modification (climate change and anthropic modifications). Both
influence it through different parameters.

WATER CYCLE

WATER VAPOR

PRECIPITATION
% SURFACE RUNOFF
FRESHWATER STORAGE

WATER STORAGE
IN OCEANS

SOIL MOISTURE

—

GROUND-WATER DISCHARGE

Figure 4.1 Water cycle. Basedl lattp://www.jpl.nasa.gov/spaceimages/details.php?id=PIA18056
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Hydrological parameters Unit
1 Rainfall mm
2 Evaporation and evapotranspiration mm
3 River water level m
4 River water speed m/s
5 River discharge m’/s
6 Water content in groundwater m> or % or mm
7 Soil water content % or g/lcnior m’m®
8 Water content in snow and ice m? (surface), morm®s
9 Temperature of the surface water °C
10  Watershed information (land use, soil types, landscape, rugosit M and m2
etc.) : 2D information
11  Topography (or bathymetry): 3D information m
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5.1 Rainfall

Key elements

Definition
The amount of watefallingin rain, snow, etc., within a giverinhe and area.

Links with the climate change impacts

Changes in rainfall and other forms of precipitation will be one of the most critical factors determining the
overall impact oftlimate changeRainfall is much more difficult to predict than temperature but there are
some statements that scientists can make with confidence about the future.

A warmer atmosphere can hold more moisture, and globally water vapowgases by 7% for every degree
centigrade of warming. How this will translate into changes in global precipitation is less clear cut but the
total volume of precipitation is likely to increase b2% per degree of warming.

There's evidence to show that riegs that are already wet are likely to get wetter, but details on how much
wetter and what impacts there will be on a local scale are more difficult to ascertain. The dry regions of the
subtropics are likely to get drier and will shift towards the poles. much of Europe, wetter winters are
expected, but with drier summers over central and southern Europe.

It is the changes in weather patterns that make predicting rainfall particularly difficult. While different
climate models are in broad agreement abduture warming on a global scale, when it comes to predicting
how these changes will impact weatheland consequently rainfat there is less agreement at a detailed
level.

It is likely that in a warmer climate heavy rainfall will increase and beugestl by fewer more intense
events. This could lead to longer dry spells and a higher risk of floods.

Data access

1. Meteorological service: provide data processed frorsitn measurements and model forecast information. This
is good and high resolution dapaovided on regional areas. Radar observation data (Earth Observation data) can
be added to improve the data.

2. Historical database of global data for average monthly rainfall from 1979 in the fran@EVWWEX Global
Precipitation Climatology Project (GP@Bn WRCP

3. Projections of climate change effects on rainfall, using historical datasets and IPCC scenarios (RCP).

4. Two EUCIRCLE partnerdMeteorologisk Institutt (Norway) and Drzavni Hidrometeoroloski Zavod (Creatiaye
their own national rainfall dataases.

The following platforms are providing information on (page bellow):
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Platform Operator Unit Name General description Scale Format Spatl_al Tempqral
resolution resolution
i ps: p . . S .
FTEE Natl_onal Meteo- A ht.t ST ALY French public meteorological data platform providing in situ and satellite data on Hourly to
Meteorological mm Precipitation | bliques.meteofranc L France
France precipitation parameters. annual
data platform e.fr/
WCI portal is very usériendly to find and visualize data:
Earth20bserve Plymouth Various httns://wci.earth2o .F’_ossﬂ_)lllty to search data using different éypgies (indicator type / data provider /
Marine mm A JQups./iwel.eart=o region / interval / version / data type / etc.) World
(WCI potal) indicators bserve.eu/portal/ - . . _
Laboratory . Possibility to produce a temporal graph to visualize a parameter evolution in a
selecting geographic area.
For each 3@ear analysis period, the alale indicators for precipitation based on dail
data are:
-Mean: full period mean of all daily values.
-Seasonality: expressed by the mean values of all Januaries, Februaries etc. that ar
of the 30year period. L
I . Y . . . . Projection of
. http://swicca.clima | -Percentiles: 95th and 99th percer of all daily data in the 3gear period. ;
Copernicus : - L R climate
. te.copernicus.eu/in| - Variability: interannual variability of monthly mean values expressed as standard
Climate Change| ESA / EEA / R - L . change effect
. mm/d Precipitation | dicator deviation of all monthly mean values that belong to the same month in the analysed European | Excel 5km :
Service (C3S) | SMHI : ’ on rainfall
interface/graphs period.
SWICCA . — . (RCP
and-download/ -Daily: daily time series. .
scenarios)
This clinate impact indicator is based on hydrological impact modelling performed w
the EU FP7 project IMPACT2C (grant agreement 282746).
The climate impact indicators are based on hydrological impact modelling using the
hydrological model LISFLOOD.
. http://swicca.clima
SORSllcts Precipitation | te.copernicus.eu/in
Climate Change| ESA / EEA / P! - The indicator “Precipitation Intensity Maximum” represents the average of all annual Grid size: .
. mm/d Intensity dicator . S L o . Europea | Excel Daily
Service (C3S) | SMHI . : maximum hourly precipitation intensities within a period of 30 years. 650*390
Maximum interface/graphs
SWICCA
and-download/
Copernicus http://swicca.clima
Climate Change| ESA / EEA / | mm / PreC|p_|tat|on te_‘ copernicus.eu/in The Pr(_eupnatl_on Intensity Duration |nd|c§1tor provides information about precn_pltatlo Grid size: | Depend of
- . Intensity dicator intensities at different levels of return periods (10, 50 and 100 year return period) an European | Excel " :
Service (C3S) | SMHI duration . : . . . 650*390 the duration
Duration interface/graphs | different time resolutions (1, 2, 3, 6, 12 and 24 hourly data).
SWICCA
and-download/
. http://swicca.clima | Runoff is the sum of surface and subsurface runoff to streams for each grid cell. > Irregular _
Copernicus - - . . - . Stistics over
. te.copernicus.eu/in| For each 3§ear analysis period, the indicators for water runatfcatchment scale are: catchment .
Climate Change| ESA / EEA / - . . . a long period
- mm/d Water runoff | dicator -Mean: full period mean of all daily values European | Excel polygons,
Service (C3S) | SMHI - o - . : (no temporal
interface/graphs -Seasonality: mean values of all Januaries, Februaries etc. that are part ofykear30 median .
SWICCA . resolution)
and-download/ period. catchment
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Platform Operator Unit i General description Scale Format Spatlgl Tempqral
resolution resolution
size
215km2.
> 0,5*0,5°
Annual ) .
European recipitation SIS Map shows the observeaverage annual precipitation between 1990 and 2010 obtair|
JRC Water Port3 pean mm/year precip europa.eu/waterpo| . P . 9 precip . European 5*5km Annual
Commission for 199% rtal interpolation of the meteorological observations available at JRC.
2010 —
Global ma Grid with estimated precipitation per month with a spatial resolution of 10 arc minute
of monthlyp http://www.fao.or This dataset has been constructed from 27 075 stations with 198D climatological
p: .fao.org . : . .
s normals. The dataseonsists of 12 AS€Jtids with mean monthly data in mm/day * 10 10 arc
AQLIAMARS s M Precipitation | /rwater/aguama and one ASCyrid with yearly data in mm/year. In addition, 12 ASfEid with monthly Slead minutes Henly
-10 arc ps/ . - . :
minutes values at 5 arc minutes resolution are made available as input data for a global watq
balance mode(GlobWat).
Various . - . , .
indicators https://search.eart EOSDIS provides etmtend capabilities for managing NASA's Earth science data from
EOSDIS NASA DUPSIISEACILEATE |\ orios sources satellites, aircraft, field measurements, and various other programs| Global
and hdata.nasa.gov/ . . . o
databases NASA network capabilities transport the EO data to the science operations facilities
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METEO FRANCE
Toujours un temps d’avance
LES PRECIPITATIONS DU MOIS
A la station
Copernicus Knowledge Base e
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Copernicus Knowledge base relevantownload C3S (Copernicus Climate Che Data extraction from Meted-rance platform (monthly precipitation report fi
Service) datas on rainfall (ERA5) a meteorological station).

Limits and constraints

At the present time, the rainfall forecast frorhe satellite are not yet satisfactory for the numerical model at regional scale, as there are the only source of
information for the ocean.

Program is in progress and their aims are to produce high resolution datBheRrogram for the Evaluation oigH Resolution Precipitation Products (PEHRPP)).
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5.2 Evaporation and evapotranspiration

Key elements
Definitions

Evapotranspiration is the amount of total water transferred from the soil to the atmosphere through soil
evaporation and plant transpiration.

It plays an important role in climates and microclimates, especially in cities. Very difficult to measure, it is
the parameter that is generally lacking to complete a water balance.

For a given area (field, forest, region ...), we distinguish:

1. Potential eapotranspiration (PE): measure of the ability of the atmosphere to remove water from the surface
through the processes of evaporation and transpiration assuming no control on water supply.

2. Actual evapotranspiration (AE): quantity of water that is actuaipoved from a surface due to the processes of
evaporation and transpiration.

As for rainfall measurement, the unit is the millimeter of water height: 1 mm corresponds to 1 liter per
square meter or to 10 cubic meters per hectare. This amount of watdteis referred to a time unit.

Potential evapotranspiration or evaporation can reacé rhm / day in summer in the European temperate
zone and 8 mm / day in the Mediterranean zone.

Data use

1. Evapotranspiration measurements are important to understamel influence of vegetation cover on the
water vapor content of the atmosphere and to estimate the growth rate of the plant.

2. Evaporation measurements make it possible to estimate the water losses of the surface water bodies.

The ideal spatial resolutigfif well measured) would be 1 / 10th of the size of the basin. The temporal
resolution, for water resource studies, is daily (small watersheds).

Links with the climate change impacts

There are a whole host of factors that affect evapotranspiration:

Climate factors:

1. Temperature— As temperature increases, the rate of evapotranspiration increases. Evaporation
increases because there is a higher amount of energy available to convert the liquid water to water
vapor. Transpiration increases because at wartesperatures plants open up their stomata and
release more water vapor.

2. Humidity— If the air around the plant is too humid, the transpiration and evaporation rates drop.
It’s the same reason sweat does not evaporate from our skin when it’s too humid.

3. Wind speed- If the air is moving, the rate of evaporation will increase. The wind will also clear the
air of any humidity produced by the plant’s transpiration, so the plant will increase its rate of
transpiration.
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Hydrological factors:

1. Water availabity - If the soil is dry and there is no standing water there will be no evaporation. If
plants can’t get enough water they will conserve it instead of transpiring by closing their stoma.

2. Soil type- Soil type determines how much water soil can hold aod leasy it is for the water to
be drawn out of it, either by a plant or by evaporation. For areas where the ground is covered by
vegetation, the rate of transpiration is considerably higher than the rate of evaporation from the
solil.

Plant type— Some plats, like cacti and other succulents, naturally hold onto their water and don’t
transpire as much. Trees and crops are on the other end of the spectrum and can release copious
amounts of water vapor in a day.

Climate change is thus affecting the evapamtand evapotranspiration processes with various impacts on
agriculture, water resource availability, forest fires risks, etc.
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Data access

Spatial Temporal

Platform Operator Unit i General description Scale Format . .
resolution resolution

WCI portal is very usériendly to find and visualize data:
Earth20bsese Plyn_wuth Various httos-//wci.earth2o .P_ossnt_)lllty to search_ data usindfeient typologies (indicator type / data provider /
Marine mm . Ops./awel.eart2o region / interval / version / data type / etc.) Global
(WCI portal) indicators bserve.eu/portal/ o . . .
Laboratory . Possibility to produce a temporal graph to visualize a parameter evolution in a
selecting geographic area.
Global map Grid with estimated reference evapotranspiration per month with a spatial resolution
of monthly . 10 arc minutes. Thdataset contains mean monthly values for global land areas,
reference Lt 00, excluding Antarctica, for the period 194990. The dataset has been prepared accord 10 arc
. !I ’ . . . . . . . . . .
AL Hae EIEED evapotranspi /nsrllwater/a HAME | 5 the FAO PenmanMonteith method with limited climatic data as described in FAO Stz minutes Aoy
ration - 10 pst Irrigation and DrainagPaper 56. The dataset consists of 12 AG@Is with mean
arc minutes monthly data in mm/day * 10, and one AS@iid with yearly data in mm/year.
Various . . . , .
indicators httos://search.eart EOSDIS provides etmlend capabilities for managing NASA's Earth science data from
EOSDIS NASA Qips./isearch.ear various sources satellites, aircraft, field measurements, and various other programs| Global
and hdata.nasa.gov/ . . . L
databases NASA network capabilities transport tB® data to the science operations facilities.
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Water Resource Re-analysis ¥
Indicator Type Water Balance Components.
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feglon Global
Dana Providtes |RC
Interval Davy

Data Type

Ecasystem Model

Timeline . Click and drag to move, use your mouse scroll wheel to 200m, dick to select a date or enter your required date in the date field on the right

Bare Sl Exaporanon - Gl

2006-06-20

WCI platform (visualization of evapotranspiration parameter)
Limits and constraints

Evaporation and evapotranspiration are very complex parameters to measure. They are generally obtained img mdtlelarge uncertainties, whereas these
are key variables for the water cycle analysis.
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5.3 River water level

Key elements
Definition

Measuring a water level (limnimetry) or the variation of a water body is generally carried out
discontinuously by readg a graduated scale (limnimetric scale)) fixed on a support on thesiker The
limnigraph allows tdollow the variations of a water body, providing a continuous recording of changes in
water level as a function of time.

In addition to insitu measuements, sometimes relayed by satellite, promising remote sensing techniques
are already used. They are very expected in countries where implementing and maintenance of telemetry
network are problematic.

Data use
Water level for navigation.
Water stocks maagement (lakes, reservoir...)
Flood monitoring

1

2

3

4. Drought monitoring.
5. Biodiversity management
6

Water level- discharge relations

Links with the climate change impacts

Lake and river levels reflect a balance between water inputs from precipitation and watetahaif and
losses due to evaporation. Climate change is directly affecting these parameters (changing the precipitation
regime; increasing temperatures and evaporation, etc.).
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Data access

Platform

Operator

General description

Scale

Spatial
resolution

Temporal
resolution

AN NI Real time database on water level and river dischanger 1 650 hydrological stations
Base HYDRO . - o . XML
- http://www.vigicru | (French State monitoring). National
(Vigicrues SCHAPI Water level . . . WMS / Hourly
network - es.gouv.fr/ Each station have a reference code which allow everyone to download its data from| (France) WES
- weeks ago.
Realtime datas)
French National The HYDRO database calculates for each hydrological station the instantaneous, d4 XML
database SCHAP Water level http://www.hydro. | monthly and annual streamflows; based on the water height vadunescalibration National WMS /
HYDRO eaufrance.fr/ curves (relationships between heights and flow rates). These data are regularly upd| (France)
L . . 3 . . WFS
(historical datas according to the information provided by the stations managers.
The database contains time series over water levels of large rivers, lakes and wetla
around the world. These time series are mainly based on altimetry data from
; Topex/Posglon for rivers. ER$ & 2, Envisat, Jasdnhand GFO data are also used for
http://hydroweb.th
Hydroweb- | i Water level | eia- lakes. Global |Text | 10010500 |15 635 gays
OZCAR \and.fr/2lana=en& Users of the data base can visualize the water level time series as well as Landsat i m y
fr/?lang= 8 . - . )
showing the geographic location of the site. Users can download the numericas\alu|
the time series as well as associated errors.
Temporal coverage: 1992 to present
WCI portal is very usériendly to find and visualize data:
Earth20bserve Plyrpouth Various httos://wci.earth2o .Eossnplllty to search data using different typologies (indicator type / data provider
Marine A Diips./wel.eartheo region / interval / version / data type / etc.) Global
(WCI portal) indicators bserve.eu/portal/ S . . .
Laboratory . Possibility tproduce a temporal graph to visualize a parameter evolution in a
selecting geographic area.
Various . . . , .
I N g, EOSDIS provides etmlend capabilities for managing NASA's Earth science data from
EOSDIS NASA DUPSISEACILEATt |\ oo s sources satellites, aircraft, field measurements, and various other programs| Global
and hdata.nasa.gov/ e . . L
databases NASA network capabilities transport the EO data to the science operations facilities
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Redtime water level monitoring (Vigicrues visualization platform)
Limits and constraints

Large river level is quite easy to be evaluate thank to satellite, very convenient and accurate. The limits of the meihidyd ligk to the small river and also for
those with high vegetation density on the river bed.
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5.4 River water speed

Key element
Definitions

The flow velocity of a liquid or a fluid measures its movemafdre specifically for water, it gives an
indication on the water body movement.

Data use

1. Freesurfaces flow estimation.
2. Navigation.

3. Flood risk areas estimation.
4. Ecosystems monitoring.
5

River flow estimation.

Links with the climate change impacts

River water speed parameter depends on some climate parameter, particularly precipitations, evaporation
and evapotranspiration; which are directly affected by climate change (changing of the precipitation regime;
increasing of temperatures and evaporation, etc.).
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General description

Scale

Spatial Temporal

Format . .
resolution resolution

WCI portal is very usériendly to find and visualize data:
Earth20bserve Plyn_wuth Various httos-//wci.earth2o .P_ossnt_)lllty to search_ data using different typologies (indicator type / data provider
Marine m/s . Ops./awel.eart2o region / interval / version / data type / etc.) World
(WClI portal) indicators bserve.eu/portal/ - . . L
Laboratory . Possibility to produce a temporal graph to visualize a parameter evolution in a
selecting geographic area.
Various . . . , .
I e D EOSDIS provides etmrend capabilities for managing NASA's Earth science data from
EOSDIS NASA m/s DHUPSISEACILEATE |\ arios sources satellites, aireaft, field measurements, and various other programs. | Global
and hdata.nasa.gov/ . ) . L
databases NASA network capabilities transport the EO data to the science operations facilities

Limits and constraints

This parameter is usually estimated thanks to model calculation and it is badea @ther parameters: discharge and water level. So the accuracy of these
parameters is link to the discharge and water level data accuracy and to the model approximation.
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5.5 River discharge

Key elements
Definition

River discharge (Q, express with follogiiunits mys or L/s) is the volume rate of water flow that is
transported through a given crosectional area during a time unit. It is synonym to river flow or
streamflow.

Generally, the direct and regular flow measurement is not available. More ateecording of changes in
water height in a given section (hydrometric station) is available. Then, the definition of a calibration curve
Q = f (H) allow to pass from the water heights curve as a function of time H = f (t) (liminigram) to a flow
curve Q # (t) (hydrograph).

The determination of the calibration curve is generally carried out by means of episodic flow measurement
campaigns at several points in the hydrological cycle, distributed between the low and high waters. The
calibration curve is ofte reproduced to take into account the possible changes in the watercourse section.

The most common method of flow measurement is based on the velocity field determined in a cross section
of the river (at a number of points along vertices distributed aver river width). At the same time, the
river crosssection is measured by measuring its width and performing depth measurements.

The flow rate Q [m3/ s] flowing in the river section S [m?] can be defined from the mean velocity V [m / 5]
perpendicular tahis section by the relation:
Q=V’'s.

The river section can be assessed measuring the water depth on various verticals points distributed
regularly over the width. The flow velocity is generally measured on the various vertical points and at
several @pths in situ.

N.B.: there is a 280% uncertainties on flow rates estimation with classical methods in situ. Since last years,
a notable research effort is being made to enhanced spatialization flow measurement, in order to overcome
as much as possible-situ observations, or at least to develop new estimation methodologies based on
measurable parameters from space (Earth Observation data).

Data use
1. Water resources estimation.
2. Infrastructures sizing.

3. Models calibration and validation
Links with the clinate change impacts

Changes in precipitation and evapotranspiration conditions with climate change have visible impacts on
flows, therefore on ecosystems aod water users (agriculture, drinking water supply, energy production
and industry).
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Data access

Spatial Temporal

Platform Operator Unit i General description Scale Format . .
resolution resolution

River flow is the volume rate of water flow that is transported through a given-cross
http://swicca.cli | sectional area. It is synonym to rivdischarge or streamflow.

Projection of

River Flow - . . o . climate
. mate.copernicus.| For each 3§ear analysis period, the indicators for river flow are:
ESA/EEA/ (daily, - . . . change effect
m3s . eu/indicator -Mean: full period mean of all daily values European | Excel 5km :
SMHI seasonality | : L - . on rainfall
interface/graphs | -Seasonality: mean values of all Januaries, Februaries etc. that are part ofyear30
and mean) ) (RCP
and-download/ | period .
S . scenarios)
-Daily: daily time eries
Copernicus http://swicca.cli FTEEEIL 6
P - The flow duration curve (FDC) gives information about how frequently certain river flo climate
Climate Change| Flow mate.copernics.

. ESA/EEA/ . - rates occur. change effect
Service (C3S) m3s duration eu/indicator . . . s A European | Excel 5km :
SWICCA SMHI curve interface/araphs Here, the FDC is described through 13 percentiles of the distribution of daily river flow on rainfall

{merlace/arapis during a 36yearperiod: 1 %; 5 %; 10 % to 90 % in steps of 10 %; 95 %; 99 % (RCP
and-download/ .
scenarios)
http://swicca.cli Z:ngélon el
ESA /EEA / Flood mate.copernicus.| Flood recurrences are given as daily river flows that correspond to return periods of 2 chanae effect
m3s eu/indicator 10, 50, and 100 years. The return period values are calculated assumbel distribution | European | Excel 5km 9
SMHI recurrence | : . . . . . on rainfall
interface/graphs | fitted to the yearly maximum river flows for a given-@€ar period. (RCP
and-download/ .
scenarios)
. . The Joint Research Centre (JRC) is the European Commission's science and knowle
. http://water.jrc.e . . N ) S
JRC Water European Various service which employs scientists to carry out research in order to provide independen
o m3's S c.europa.eu/wat o ; ; European
Portal Commission indicators scentific advice and support to EU policy.

erportal
It proposes some databases on flow measurement at the European scale.

SCALGO Live Global provides a unique way of understanding the effect of global topq
Scalgo Live SCALGO Liv¢ (mountains, valleys, etc.) on thkofv of surface water and flood risk. It allow users to

. g . i . . . .
Global SCALED S Flood Risk Lo eeinlie: visualize flooding and surface water flow on a rgkbal elevation model (the SRTM itz
model from NASA).
WCI portal is very usériendly to find and visualize data:
Earth20bserve Plyrpouth Various https://wci.earth Rossnpﬂny to searc.h data using different typologies (indicator type / data provider /
Marine m3s s 20bserve.eu/port| region / interval / vesion / data type / etc.) Global
(WClI portal) indicators o . . .
Laboratory all . Possibility to produce a temporal graph to visualize a parameter evolution in a sele
geographic area.
Various ; . i . , .
indicators https://search.ea | EOSDIS provides etmend capabilities for managing NASA’s Earth science data from
EOSDIS NASA rthdata.nasa.gov| various sources satellites, aircraft, field measurements, and various other programs. N Global
and s . . S
databases [ network capabilities transport the EO data to the scie operations facilities.
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Copernicus C3S (Copernicus Climate Change Service) visualization platform (indicator: Flow duration curve)

Limits and constraints

Same as water level issues.
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5.6 Water content in groundwater (stocks and water table)

Key elements
Definitions

The groundwater stocks defined here as the water in the subsoil that flows more or less rapidly (day,
month, year, century, millennium) into soil cracks and pores in saturated csatmated soil.

Water table: The level belowvhich the ground is completely saturated with water.

Data use
1. Water resources management
2. Drinking water management

3. Water cycle modelisation.

Links with the climate change impacts

At the European level, groundwater is a significant economic resourceq®fé total water abstracted in
Europe). These resources are threatened by ovabstraction and contamination from surfacderived
pollutants. Climate changes exacerbate these pressures.

The interpretation of climate change on these important grounthwaiesources is difficult to predict but

will be dependent on regional hydrogeological characteristics, as well asesmiomic conditions that will
determine future water supply demand.
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General description

Scale

Format

Temporal

resolution

French National database on ground water bodies (quality and quantity parameters
. Regularly updated da are available by measurement point or network, by watershed .
. http://www.ades.e ; National
ADES BRGM m Piezometry aufrance. i/ region, department or water body. (France) Annual
- ADES also allows to manage and process data making available some softwares, li
"Piez'eau” (for processing piezometric data).
WCI portal is very usériendly to find and visualize data:
.Possibility to search datssing different typologies (indicator type / data provider /
Earth2Observe Plyn_wuth Various https://wci.earth20 region /_ln_tt_erval Vi L EEIEDTE U Gl ) . . L
Marine m A . Possibility to produce a temporal graph to visualize a parameter evolution ina | Global
(WCI portal) indicators bserve.eu/portal/ . .
Laboratory selecting geographic area.
Results from five models are proped (W3RA / LISFLOOD / FBMREG / Surfekip /
PCRGLOBWAB) provided by 4 operators (CSIRO / JRC / Meteo France / Utrecht Uni
. . The Joint Research Centre (JRC) is the European Commission's science and know|
. http://water.jrc.ec. . . N ) S
European Various service which employs scientists to carry out research in order to provide independe
JRC Water Portd . m - europa.eu/waterpo| ~ . . . . European
Commission indicators rtal scientific advice and support to Edlicy.
- It proposes some databases on flow measurement at the European scale.
http://grace.jpl.nas , . . . S
GRACE NASA /DLR | em Ground 2.0ov/mission/arac NASA’s Gravity Recov.ery and Climate Experlment (GRACE) has measured significant World Raster Monthly /
Water level _g—g_e " groundwater depletion around the world in recent years. Annual
Grant Agreement 653824 Public Pager3


http://www.ades.eaufrance.fr/
http://www.ades.eaufrance.fr/
https://wci.earth2observe.eu/portal/
https://wci.earth2observe.eu/portal/
http://water.jrc.ec.europa.eu/waterportal
http://water.jrc.ec.europa.eu/waterportal
http://water.jrc.ec.europa.eu/waterportal
http://grace.jpl.nasa.gov/mission/grace/
http://grace.jpl.nasa.gov/mission/grace/
http://grace.jpl.nasa.gov/mission/grace/

D2.1 Report on Typogy of Climate Related Hazards

ea”mbserve (“:’ & Datasets O Aoty Stream @ About

eartH20bserve

EanH200senve "Gicbal Earth
Ooservation for imegrated

ground water

Ve Resoures Assesement 20 datasets found for "ground rdr vis: | Mkyence =
S @ cofaborative project
fundad under the DG water”

Ressarch FPT programme
The project bagun in... read

mors
Ground Water - Monthly
Folowars Datasess Monthly Ground Water data produced by JRC as pan of the san-20bsernve proect
0 20 fwcs] ws [ oerions [rona]
Ground Water - Monthly
Y Organizations Monthly Ground Water data produced by MetecFrance as pert of the sart<20bserve peoject
RC (8) eS| s | oeenoas | ort

Universtan Utrechs (4)

Earth20bserve data search platform, relevant to find hydrological dat: Visualization of groundwater data from GRACE satellite
(example on grounaater)

Limits and constraints

This parameter is mainly derived from in situ measurement (piezometric data) or from mathematical models. The only tp&iptaladed by GRACE satellites.
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