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Executive Summary

This report, titled “D3.2 -- Report on the dynamical downscaling of climate and atmosphericimpacts
1st version”, presents the downscaling approaches and methods developed and employed for large-
scale climatological and meteorological data in the PLOTO project Task 3.3. The large-scale data
originates from Regional Climate Model (RCM) predictions for the future climate scenarios and from
Numerical Weather Prediction (NWP) model data for short term forecasts. The selection of the
climatological datafromthe EURO-CORDEX database has been reportedinthe deliverablereport D3.1.
The short-term datato be downscaled is obtained from the ICON-EU NWP system. Downscaling of the
future climate projections addresses the STO 2 of PLOTO “Reliable quantification of climatic,
hydrological and atmospheric stressors”, and the short-term downscaled forecasting addresses the
STO 3 “Development of a forecasting module to provide high-resolution tailored weather and
precipitation forecasts”.

We describe also the PLOTO use cases and theirrelevant weather vulnerabilities and hazards as a basis
for selecting the data to be downscaled and designing the sets of resulting downscaled data.

As the resolutions of the RCM and NWP models are relatively low, they cannot capture any effects of
local small-scale features of specificsites of interestlike fine-grained terrain shape, buildings and trees.
Therefore, the data must be downscaled to local scale and high resolution so that the effects of the
local features are properly captured.

We apply two downscaling approaches. For wind data, we apply an approach based on precomputed
very high resolution Large-Eddy Simulation (LES) data and data fusion. For other meteorological
variables of interest: temperature, relative humidity, cloud cover and precipitation we apply high-
resolution meso-scale modelling. We also present two examples of downscaling. All the downscaling
tasks for all use cases, their specific features and the results will be presented in the report D3.3.

The downscaled RCM data for future-climate scenarios will be used as input to Task 3.6 for the
assessment of the site-specific climate risk parameters and stressor indicators. In WP4, downscaled
climatic projections will be used for infrastructure resilience assessment. The short-term downscaled
forecasting systems developed here will be used in Task 3.4 to obtain tailored forecasts for the use
case sites for the needs of dynamical data assimilation in Task 3.5 and in WP6 to support IWAT,
Decision support system and Enhanced Visualization Interface.
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1. Introduction

1.1 Project information

The project entitled “Deployment and assessment of predictive modelling, environmentally
sustainable and emerging digital technologies and tools for improving the resilience of IWW against
climate change and other extremes (PLOTO)” aims at increasing the resilience of the IWW and the
connected hinterland infrastructures, especially under adverse conditions, such as extreme weather,
accidents, and other kinds of hazards. In doing this, downscaled climate change scenarios will be
combined with simulation tools and actual data, to provide operators an integrated tool able to
support more effective management of their infrastructures at strategic and operational levels.

PLOTO project consists in the deployment and assessment of predictive modelling, environmentally
sustainable and emerging digital technologies, and tools for improving the resilience of IWW against
climate change and other extremes. An integrated tool is set up to allow relevant authorities to
improve the efficiency of their infrastructures management. This tool is a combination of downscaled
climate change scenarios with simulation tools and actual data. Six complementary avenues will be
considered to achieve thisintegrated toolthat will supportrelevant authorities and their operators for
more effective management:

e Measure and use high-resolution modelling data for the determination and assessment of the
climatic risk of the selected transport infrastructures and associated expected damages.

e Use existing data from various sources with new types of sensor-generated data (computer
vision) to feed the used simulator.

e Utilise tailored weatherforecasts (combining seamlessly allavailable data sources) for specific
hot spots, providing real-time early warnings with corresponding impact assessment.

e Develop improved multi-temporal, multi-sensor UAV- and satellite-based observations with
robust spectral analysis, computervision and machine learning-based assessment for diverse
transport infrastructures.

e Design and implement an integrated resilience assessment platform environment as an
innovative planning tool that will permita quantitative resilience assessmentthrough an end-
to-end simulation environment, running “what-if” impact/risk/resilience assessment
scenarios. The effects of adaptation measures can be investigated by changing the hazard,
exposure, and vulnerability input parameters.

e Design and implement a Common Operational Picture (COP), including an enhanced
visualisation interface and an Incident Management System (IMS).

The PLOTO integrated platform and its tools will be validated in three case studies in Belgium, Romania
and Hungary.

1.2 Purpose of the deliverable

Downscaling of the future climate projections addresses the STO 2 of PLOTO “Reliable quantification
of climatic, hydrological and atmospheric stressors”, and the short-term downscaled forecasting
addresses the STO 3 “Development of a forecasting module to provide high-resolution tailored
weather and precipitation forecasts”. The purpose of this deliverable report D3.2 is to describe the
downscaling approaches, methodsand procedures. Wind datais downscaled based on high -resolution

9
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Large-Eddy Simulation (LES) modelling and data fusion while other meteorological variables:
temperature, relative humidity, cloud cover and precipitation are downscaled based on high-
resolution meso-scale modelling. This report describes not only the methodology for downscaling the
RCM-predicted future climate data, but also a methodology for producing short term (forinstance 24-
72 hours) downscaled forecasts to the target sites by automatically on-line downscaling predictions of
Numerical Weather Prediction Model (NWP). The motivation forthe downscalingis to bringin the local
effects of local small-scale features, such as fine-grained terrain shape and even buildings and trees.
Such effects can be important when assessing the risks and vulnerability of assets, functions and
operations, and they are not at all captured by RCMs and NWPs. This report presents and explains the
methodology, providing two preliminary examples. Final outcomes for all use cases will be part of
Deliverable D3.3 with the detailed downscaling tasks per use cases and a description of the specific
features in the procedures.

1.3 Intended audience

The primary audience of this deliverable report consists of the PLOTO partners involved in the tasks
exploiting the final downscaled data and results obtained using the methods reported here, see
Sec. 1.4. The secondary audience is the whole PLOTO consortium. And as the dissemination level of
this report is “Public”, it is open to any interested audience.

1.4 Structure of the deliverable and its relation with other work
packages/deliverables
The Deliverable is structured as follows:

Section 1. Describes PLOTO’s aim, as well as this document’s purpose, intended audience and
structure.

Section 2. Describes the context and general methodology of this Deliverable.
Section 3. Describes the modelling approaches and techniques for the downscaling.

Section 4. Presents the target sites of each use case and the use-case specific relevant climatic
stressors, whichinturn determine the detailed specification of the datato be downscaled.

Section 5. Presents preliminary examples of the downscaling procedures and results.
Section 6. Concludes the Deliverable by summarising the main outcomes.

The outcomes of Task 3.3 will be used as input to Tasks 3.4, 3.5, 3.6, as well as WP4 and WP6, as
described in Section 2.

10
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2. Methodology

This deliverable report (D3.2) is the second partin the “trilogy” of D3.1, D3.2 and D3.3. D3.1 described
the Regional Climate Model (RCM) predicted climate data to be downscaled to very high local
resolution. D3.2 reports the first part of the Task 3.3 work, the downscaling methods and procedures
while D3.3 will report the final outcomes of the tasks per use cases and a description of those specific

featuresinthe proceduresnotincluded in this report D3.2. Temporally Task 3.3 spansfrom M10 up to
M?28.

The downscaled climate modeldata for future-climate scenarios will be used as input to Task 3.6 for
the assessmentof the site-specific climate risk parameters and stressorindicators. In WP4, downscaled
climatic projections will be used for infrastructure resilience assessment. The short-term downscaled
forecasting systems developed here will be used in Task 3.4 to obtain tailored forecasts for the use
case sites for the needs of dynamical data assimilation in Task 3.5 and in WP6 to support IWAT,
Decision support system and Enhanced Visualization Interface.

The methodology is based on Task 3.1 and 3.2, whereas the end user needs are defined in WP2. In
Task 3.1, relevant RCM data for future climate scenarios were selected and extracted from the EURO-
CORDEX database, while in Task 3.2 high-resolution land-use maps and surface parameters were
produced. These data are needed as input data for the meso- and local scale modelling for the
downscaling methods and applications described in this report.

The main part of the work of Task 3.3 is carried out in close collaboration between AUTH and FMI
involving also partners with strong use-case specificknowledge and expertise such as ULIEGE, SPW M,
RSOE, BME, MAV, BSZL, AFDJ, UDG and UM.

Downscaling of the future climate projections addresses the STO 2 of PLOTO “Reliable quantification
of climatic, hydrological and atmosphericstressors”. The short-term downscaled forecasting addresses
the STO 3 “Development of a forecasting module to provide high-resolution tailored weather and
precipitation forecasts”.

11
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3. Modelling Methods and Procedures

3.1 Wind downscaling to local site scale using high-resolution LES

This section presents the relevant theoretical and numerical developments required by the
downscaling methodology for wind related risks and hazards. First, the essential elements of the PALM
LES model are introduced followed by a description of the atmospheric boundary layer (ABL)
turbulence simulation procedures, which take into account the effect of the site -specific orography
and topography. Next, downscaling-specific practises to set up the computational model for a target
site are discussed. Then, the downscaling procedure itself is described. Finally, the state information
(data to be downscaled, e.g. RCM wind data for the future climate) employed for driving the
downscaling procedure is presented.

3.1.1 PALM LES Model

The PALM LES model (Marongaetal., 2015; 2020) is a finite-difference flow solver foratmosphericand
oceanic flows. The model can resolve the effects of complex terrain, buildings and vegetation on the
flow. PALM is based on the non-hydrostatic, filtered, Navier-Stokes-equations in the Boussinesg-
approximated or anelastic form and it is designed to run efficiently in supercomputing environments.
The dynamic solver core of PALM time-integrates the prognostic equations for the conservation of
momentum, mass, energy, and moisture on a staggered Cartesian Arakawa-C grid. The effect of
subgrid-scale turbulence on the resolved flow field is parameterized using a 1.5-order closure after
Deardorff (1980) with modifications according to Saiki et al. (2000). Discretization in time is achieved
by using a 3rd-order Runge-Kutta scheme in accordance with Williamson (1980) and spatial
discretization for the advectionterms is implemented with 5th-orderadvection scheme after Wicker
and Skamarock (2002). The horizontal grid spacing is always equidistant, whereas gradual stretching is
permitted in the vertical direction. The vertical grid spacing is typically set equidistant within the
atmospheric boundary layer (ABL) and, to save computational time, the stretching is only applied
above the ABLin the free atmosphere.The lateral domain boundaries of the computationalmodelare
by default cyclic, but advanced non-cyclic inflow and outflow boundary conditions are implemented
as well. Recently, PALM has been equippedwith a LES-LES self-nesting capability (Hellsten et al., 2021).
This feature is essential in downscaling applications where the effect of large-scale atmospheric
turbulence on local urban wind conditions must be included.

3.1.2 LES Modelling Approach

Wind downscaling usually requires LES data of very high spatial resolution, especially in urban and
other built environments where the surface-layer wind flow is strongly influenced by the buildings,
street canyons and otherfeatures ofthe built environment, which are typically of relatively small scale.
For instance, resolving turbulent wind flow within a street canyon adequately requires a LES grid
spacing from 1 to 2 m while in non-built environment with complicated terrain shape, about 5 m grid
spacing is usually sufficient. On the other hand, the modelling domain must be larger than the large
turbulent flow structures within the ABL. This usually means that the horizontal domain coverage must
be from about hundred square kilometres up to severalhundreds of square kilometres. It isimpossible
to entirely coversuch surface areas with a very high-resolution grid having grid spacings of the order
of one metre. Therefore, we concentrate the highest resolution into the areas of principal interest and

12
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their vicinity and use coarser resolution elsewhere. As the PALM model has constant horizontal grid
spacing within a domain, we use an LES-LES self-nesting approachimplementedin PALM (Hellsten et
al., 2021). In this method the model set up consists of several LES-domains nested in each other and
coupled dynamically. A smaller child domain with higher resolution is nested within its larger, lower-
resolution parent domain. Child domains can act as parents for yet smaller child domains forming a
cascade of nested domains. Child domains and cascades of children can also be set up parallel to each
other. As an example of a nested setup the use case C (Wallonia) setup is shown in Figure 1. The
outermost and largest domain of lowest resolution is referred to as the root domain. For the root
domain, boundary conditions are needed on all boundaries, but for the child domains, explicitly set
boundary conditions are needed only on the bottom boundary, which follows the terrain and building
surfaces. This is because the boundary conditions for the other boundaries are interpolated from the
parent solution at each time step as part of the coupling procedure.

The bottom surfaces of the domains follow the terrain and building surfaces. This information is input
in the PALM LES modelin the form of 2-D raster arrays including the terrain and building height for
each vertical column of LES-grid cells. The raster datais inputin the NetCDF format. The grid cells under
the solid surface, terrain or building, are eliminated out from the numerical solution procedure, i.e.,
inactivated. Boundary conditions are set on all interfaces between active and inactive grid cells. The
boundary conditions on horizontal grid-cell faces are based on the Monin-Obukhov similarity theory.
Under neutral stratification these boundary conditions reduce to the logarithmic law of the wall
conditions that are also applied to vertical solid surfaces. The effect of sub-grid-scale roughness is
takeninto account by an estimated roughnesslength thatis set proportional to the grid spacing such
that with lower resolution a higher roughness length is set. A more detailed description of the solid-
surface boundary conditions is found in Maronga et al. (2015).

The effect of vegetation can be modelled as a momentum sink term depending on flow velocity,
prescribed canopy drag coefficient, and Leaf Area Density (LAD) distribution input as a three-
dimensional array. A corresponding sink term is also added in the transport equation of the sub-grid
scale turbulent kinetic energy. Details are found in Maronga et al. (2015). The vegetation data must
be obtained for instance from a DSM or other inventory. As an example, in this work we model the
treesas described above inthe usecase C, but notin use cases Aand B, since we do not have separated
or separable building- and trees data available. In those cases, the trees must be treated as solid
objects.

The simulations are initialized by first running a precursor simulation for the root domain only for a
sufficiently long time, typically severalhours, to pass all initial transients and to achieve a statistically
stationary flow state. The precursorrun is initialized simply by specifying horizontally constant vertical
profiles for the flow variables throughout the domain. The motivation to run precursor simulations
without the nest domains is to save computing time and capacity. With the relatively low-resolution
root domain only, the time steps can be set considerably larger, usually by one order of magnitude,
following the Courant-Friedrichs-Levy (CFL) criterion, than with the full nested setup, and precursor
simulation thus runs much faster. The actual LES runincluding all the nest domains is then started from
the stored final time step solution of the precursorrun. The actual run also needs a short adaptation
time before the data sampling can be started because the nest domains require some time to ad apt
to their higher resolution from their local lower-resolution initial states set by interpolating from their
parent solutions.

Asthe nesting method allows the use of large root domains, we take the advantage of employing cyclic
boundary conditions at the side boundaries. This is more straightforward than using non-cyclic
13
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inflow/outflow conditions combined with some method to generate turbulent motion at the inflow
boundary. Obviously, the cyclic conditions do not usually fully reflect the real situations, but this does
not introduce any significant errorto the solution around the area of interest as the cyclic boundaries
are set sufficiently far away from it. Near the cyclic boundaries, terrain shape and possible buildings
must be flattened out. Top boundary conditions are set in a simplified way by just setting a slip-wall
condition at the top boundary. The slip-wall conditions for the velocity field mean that the vertical
velocity componentis set to zero and the vertical derivative of horizontal components are setto zero
allowing horizontal flow (Neumann condition). Therefore, the ABLheight in the simulations is dictated
by the domain height. A more realisticway would be to specify the initial potential temperature profile
such that the upper part of the domain features atemperature inversion layer, which forms a natural
ceiling for the ABL. We have observed that the surface-layer results are not sensitive to the top
boundary conditions and not even to the ABL height (Auvinen et al., 2020). The slip-wall method is
computationally more affordable and avoids the solution of potential temperature in case of neutral
stratification.

Unlike inflow condition, the cyclic boundary conditions do not drive the wind flow. Therefore, the wind
flow must be forced in one way or anotheror else the wind flow would die out gradually. We apply a
constant volume force in the upper part of the domain to maintain constant total momentum in the
domain.

300

250
2000

200
4000

F150

6000 1

100

| 50

8000 -

0

0 1000 2000 3000 4000 5000 6000 7000 8000

Figure 1: The root and nested domains for the use case C (Wallonia). The color indicates terrain height. The rectangles with
the domain-ids like NO2 show the horizontal locations of the nested child domains. NO4 and NO6 are the highest-resolution
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domains having 2 m grid spacings. The spots Hermalle and Herstal are the meteorological stations and the spotin NO7 is the
RCM referencing point. The horizontal size of the root domain is 16 384 m by 18 432 m.

3.1.3 Wind downscaling procedure — general description

Our approach to downscale wind fields to local scale and very high resolutionis based on fusing pre -
computed high-resolution LES data and larger-scale information such as data from a Regional Climate
Model (RCM) or a Numerical Weather Prediction model (NWP) or observations from a nearby
meteorological station depending on the purpose of the downscaling. LES data provides high-
resolution information and brings in the small-scale effects of terrain shape, buildings, and vegetation.
The larger-scale information provides the temporal large-scale state of the wind direction and speed
at some selected point in the downscaling domain, i.e. the referencing point. This large-scale
information is hereafter referred to as state information.

Statistically stationary LES simulations must be carried out for a set of representative meteorological
conditions. Typically, such a set includes twelve 30-degree wind sectors to cover all mean-wind
directions. The LES simulations are run with a nominal wind speed recorded and time averaged during
the LES run at the referencing point (or points) corresponding to the location(s) of the state
information, a selected grid node of a climate modelor an NWP model or location of a meteorological
station. It is assumed that the LES wind fields can be rescaled to any prevailing wind speed specified
by the state information. The scalability is strictly justified only for neutrally stratified ABL, but we
assume that the errors introduced by the scaling under non-neutral conditions are reasonably small,
especially in heavy-wind conditions, which are the most relevant situations when it comes to wind
hazards. We have so far limited the precomputations to neutrally stratified cases only, but this is only
in orderto save computational cost and storage space. The downscaling approach itself is not limited
to neutrally stratified conditions. During the LES runs, time and space dependent wind fields are output
from each LES run forselected sub-domains, depending on the purpose of the downscaling, and stored
to form a set of data units covering the representative meteorological conditions.

In the data-fusion phase the state information time series and the LES data are combined to obtain
time series of three-dimensional wind fields having high-resolution in both space and time. The
temporalresolution of the state information is typically much lowerthan that of the LES. Forinstance,
wind observations are usually available as ten-minute averages, and archived RCM results may be
available every six hours for example. The temporal resolution of the state information dependson its
source, and possibly also on the purpose of the downscaling. Typically, the state information provides
the wind direction and speed in only one pointin space. Foreach state time interval, the best matching
meteorological condition data unit is retrieved from the precomputed LES data set. This LES data is
thenrescaled using the ratio of the state wind speed of the current time interval and the nominal LES
wind speed at the same spatial point, the referencing point. The LES referencing wind speed is time
averaged overthe same time interval as the state information referencing wind speed to ensure that
they correspond to each other. Downscaled wind forecasts can be produced this way to given target
sites, for example by employing wind datain a specified grid node of an RCM or an NWP model as the
state information. Unlike the RCM data or NWP-based forecast, such downscaled forecast willinclude
the various complicated effects from the local small-scale complexities of the terrain shape, built
environment and vegetation depending on the level of detail of the LES simulations.

The fusion method involves the assumption of pseudo-stationarity because each LES data unit is a
statistically stationary time-series of the particular meteorological condition it represents. Therefore,
the final result is a time series made up by combining a number of stationary LES-data intervals of
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length equalling the state-information time interval. The changes from one interval to another are
discontinuous. This is not entirely realistic since naturally also the large-scale changes of the
meteorological conditions driving the small-scale dynamics are dynamic. However, this simplification
is unavoidable as long as the downscaling is based on precomputed LES. On the other hand, this is not
a problem in wind hazard studies in which only high-wind conditions and their occurrence and
frequency are of interest and the dynamic changes of the state are not of interest.

3.1.4 Downscaling of ICON-EUweather-prediction model short term predicted
wind data — technical description

Automatized and operational short-term forecasting of downscaled wind can be used to support
operational preparedness with potential application to the early-warning module of IWAT.

The Numerical Weather Prediction (NWP) model ICON-EU (Zanglet al., 2015) is chosen as the on-line
source of the larger-scale, but frequently updated, weather forecast to drive the operational
downscaling system. This choice is made because ICON-EU is a state-of-the art NWP model which
provides continuously updated meteorological data for the entire Europe. The online data repository
and the open-access data sources offer the most suitable framework for the presented short-term
wind forecast downscaling system. The flowchart shown in Figure 2 offers an operational layout for
the operational downscaled wind prediction tool. A precursor for this system has originally been
developed within the PANOPTIS-project (www.panoptis.eu) and adapted and further developed here
for the needs of PLOTO.

ICON-EU NWP wind downscaling approach

— Flow chart
ICON-EU
NWP model data repository

for wind, temperature etc.
e | PR

o * 7_7_1“-\
a o0 e et o PREDICTION TOOL FOR
DOWNSCALED LOCAL WIND
! CONDITIONS

- meteo_predict.py

PALM LES
Pre-computed database of local wind
gust information in critical location

module icon_data.py

v

Data retrieval and conversion ‘

ICON-EU results for processing:
<var>.nc
D ‘ Dimless LES wind speed data dictionary:
User input: Data processing UG_<locale>_<wind-sector>.npz
- Site location module icon_wind.py
- Selected referencing point i
Reference wind vector and height: _| Rescaling LES wind solution
{ Ure, Zref, wind direction, location '| module localize_rescale.py
A J
Downscaled wind prediction:
- Location
Output: - Max Gust
/ - Mean wind
y - Gust percentiles
y - efc...

Figure 2: Flowchart describing the downscaling procedure for short-term wind prediction. The method utilizes open-access
ICON-EU NWP model outputs for wind data, which is also used to determine dominant wind direction and speed at surface
level. This determines which wind sector LES data subset is chosen from the pre-computed LES data set and how it is
rescaled to correspond with the NWP-forecasted conditions.
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The ICON-EU datarepository is seenon the top of the leftbranch in Figure 2. Every 24 hours the system
monitors the ICON-EU datarepository and looks for the next ICON-EU forecast datato be downscaled.
When the data becomes available it calls the downscaling system meteo predict.py.Asa first
step, the script invokesamodule icon data.py which automatically retrievesthe new setof the
most recent ICON-EU forecast data files which describe the meteorological state of Europe. The ICON-
EU data files are subsequently decompressed and converted from grib2 to NetCDF-format.

As a next step, module icon wind.pyinterpretsthe received forecast data, aims into the area of
the chosen PLOTO use case site and determinesthe representative surface wind condition predicted
for the next 72-hour period (which is also the time period for the downscaled wind gust and
meteorological state forecast). We use the ICON-EU wind data at 10 m level from terrain surface,
because the next higherlevelat which wind datais freely available on-line is at 900 hPa pressure-level,
correspondingto roughly 900 m height measured from the sealevel depending on the ambient surface
air pressure. This is too high for our present LES domains. Ideally, the reference wind would be right
above the surface layer, say roughly at 200 m height, but as mentioned above, such data is not freely
available from ICON-EU. The problem in using the surface wind at 10 m height is that while the LES
modelresolves terrain shape-, building- and vegetation effects on wind, the NWP model ICON-EU does
not. Therefore, the LES-model 10 m wind may not correspond to the ICON-EU 10 m wind. In this case
we avoid this problem by setting the wind referencing point of the LES model in the middle of a
relatively large plain area. Moreover, we intentionally ignore modelling of buildings and trees around
the referencing point to make it better correspond to the NWP model. Then the system goes on to
produce a downscaled forecast. In this case, the obtained ICON-EU surface mean-wind vectoris used
by the module 1ocalize rescale.py first forselecting the best corresponding 30-degree wind
sectorfromthe pre-computedLES result dataset stored in an operationalserverat FMI. Subsequently,
theles rescale.pymodulerescalesthe databy the ratio of the current ICON-EU wind speed and
the nominal time averaged wind speed recorded in the referencing pointin the LES pre -computations
as described in Sec. 2.1.3. Finally, after completing the current 72-hour period forecast, the wind-
prediction tool automatically sends the forecast to the PLOTO system. The forecast may contain for
example the following information for each monitoring site:

e Maximum gust speed (m/s);

e 99th percentile gust speed (m/s);

e Mean wind speed (m/s) and its direction;
e Standard deviation of wind speed (m/s).

3.1.5 Downscaling of RCM-predicted future climate wind data — technical
description

The procedure to downscale the RCM wind data for the future climate projectionsis in principle similar
tothat of the ICON-EU NWP data. However, in terms of programmingitis a simpler procedure because
no on-line datafetching, and continuous automaticoperation are needed. Instead, the wind data from
more than one RCMs for the target site is downloaded from the EURO-CORDEX database beforehand.
The downscaling is then performed off-line for the selected RCMs and RCP scenarios.

Again, 10 mlevelwind datais used because the next lowest available RCM datalevel, 850 hPa pressure
level, is too high for our LES setups. The problem of using 10m wind described in Sec. 2.1.4 also applies
in this case and the approach to avoid the problem s the same. Forthe use case C, we use the nearest
RACMO and RCA RCMs’ grid point as the referencing pointas shown in Figure 1 (middle of NO7). This
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point is surrounded by a fairly flat area, thus there are essentially no complex-terrain effects, and we
also intentionally ignore modelling buildings and trees in the child domain NO7 surrounding the
referencing pointto make the LES-predicted and averaged wind in this point better correspond to the
RCM-predicted wind.

Relevant EURO-CORDEX RCM data (Kotlarski et al., 2014) has been selected for the present work by
Lehtonen et al. (2023). This includes several wind variables somewhat depending on the RCM-GCM
model combination. Out of the available wind variables, the most interestingand usefulones for the
present work are the daily maximum 10 min averaged wind speed and daily maximum gust speed.
Unfortunately, these wind speeds come without wind direction information. Therefore, we use
instantaneous wind-velocity components given every six hours to estimate the wind direction of the
daily maximum wind-speed events. However, not all RCM-GCM-model combinations provide such
wind-component information. Therefore, we will only use those model data which include both the
every-6-hour component data and the daily maximum 10 min averaged and gust wind speeds, see
Table 1. This is because the wind direction information is crucially important for the downscaling. The
unknown wind direction corresponding to the maximum gust speed is estimated by the direction of
the maximum 6-hour instantaneous wind speed. Naturally, this is somewhat uncertain, but this is the
bestthat can be done with the available data. It is important to understand that this is not a drawback
of the wind-downscaling method, but a drawback of the EURO-CORDEX database.

The RCM data spans from the beginning of the year 2006 tothe end of 2099 or2100 depending on the

individual modelrun. In addition, we have also historical data spanning from the beginning of 1971 to
the end of 2005.

Table 1: RCM-GCM pairs of which results will be downscaled.

RCM Horizontal resolution | Number of vertical levels Driving GCM
RACMO22E | 0.11 deg 40 MOHC- HadGEM2-ES
RACMO22E | 0.11 deg 40 ICHEC-EC-EARTH
RCA4 0.11 deg 40 MOHC- HadGEM2-ES
RCA4 0.11 deg 40 ICHEC-EC-EARTH
RCA4 0.11 deg 40 MPI-M-MPI-ESM-LR

To give an example of a detailed downscaling procedure, the algorithm employed forthe preliminary
results on use case C in Sec. 4.1 is described below. It is important to note that the details of the
procedure depend largely on the application and the purpose of the downscaling. For instance, in this
first relatively simple example the focus is only on the daily gust wind-speed maximums found over
the river surface not in producing full 3-D time dependent downscaled fields although it is fully
possible. However, this full 3-D time downscaling would take much more computing time and disk
storage space.

e Foreach LES-computed wind sector WD data set:
o find the highest 10 min time averaged referencing wind speed V,.aores from the LES
time series at the referencing point using sliding-window averaging of the wind speed
and the corresponding wind direction and record them;
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o find the local instantaneous maximum wind gust speed Vi griveries OVer the river
surface 0 m < z <=9 m and calculate the ratio Ryies(WD) = Viagrivertes / Vinaxtories;

o record the local direction WD sgriveries Of the peak wind gust.

e Scan through the RCM time series:

o foreachday, estimate the wind direction WD,,.x10rcm COrresponding to Voaaorem by the
day’s highest-speed instantaneous wind vector output every 6 hours (because nor
WD axgrem Neither WDaa0rem are available as explained above);

o downscale Viaiorem by multiplying it by Rjies(WDmaxorem) t0 0btain Viagos as the
result.

In this procedure, the downscaling is made for the RCM-predicted daily maximum 10 min averaged
wind speed, notto the daily maximum gust speed. This is referenced to the maximum 10 min averaged
LES-predicted wind speed at the referencing point (the selected nearby RCM grid node). The RCM-
predicted daily maximum gust speed is a parameterized value which is not as straightforward to
associate with the LES-predicted wind speed at the referencing point.

3.2 Downscaling of other meteorological parameters to local site
scale using meso-scale modelling

This section covers the developments required by the downscaling methodology for other
meteorological parameters to local site scale using meso-scale modelling.

3.2.1 MEMO mesoscale atmospheric model

The mesoscale meteorological model MEMO (Moussiopoulos et al., 2012), which constitutes a main
part of the EZM (European Zooming Model) system (Moussiopoulos N., 1995), is used for producing
grid meteorological model simulations. MEMO is a three-dimensional, non-hydrostatic, prognostic
mesoscale modelforthe simulation of mesoscale air motion and inert pollutant dispersion at the local -
to-regional scale, over complex terrain, allowing multiple nesting.

The MEMO model is capable of efficiently producing simulated datasets of hourly meteorological
parameters, such as wind speed and direction, temperature, turbulent kinetic energy (TKE), incident
solar radiation, cloud cover (diagnostically) and relative humidity, as well as turbulence parameters
like surface roughness, Monin-Obukhov length and friction velocity for each grid point and at multiple
heights above ground level in a 3-dimensional geographical grid, covering the target region. These
high-resolution downscaled datasets offer flexibility in terms of data extraction. Another important
feature of MEMO is that it is also capable of simulating local circulation systems, such as mountain-
valley winds, sea/lake breezes, as well as the urban heat island. These mesoscale atmospheric
processes also affect local-to-regional scale dispersion phenomena.Therefore, MEMO is consideredas
a suitable scientific tool to generate such comprehensive meteorological data for the needs of
meteorological downscaling, as well as atmospheric pollutant dispersion.

3.2.2 Mesoscale modelling approach

For the initialisation of MEMO, a number of vertical profiles of the key meteorological variables
originating from the ICON-EU (Zangletal., 2015) operationalnumerical weather prediction modelare
used. Such profiles are assimilated into the model calculations on a 3-hourbasis. The grid structure of

ICON global modelis based on an icosahedral (triangular) grid of the earth's sphere. The forecast data
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are also provided in standard packages on an icosahedral (triangular) grid. Regarding the ICON -EU
calculations, thereis a tightly coupled two-way interaction between the ICON-EU regional modeland
the global ICON.

The native modelgrid has a horizontal grid spacing of 6.5 km, the output grid a grid spacing of 0.0625°
(~7 km). In the vertical, ICON-EU relies on 60 levels up to a height of 22.5 km. Besides, the ICON-EU
forecasts are available up to 120 hours fromthe four model runs at 00, 06, 12 and 18 UTC and up to
30 hoursfromthe modelruns at 03, 09, 15 and 21 UTC. The time intervalfor the forecast period up to
78 hours is one hour, while the forecast periods between +81 and +120 hours are covered by a 3-
hourly time interval.

More specifically, the downloader module of the automated module undertakes the transfer of the
ICON-EU data, processes them (the ICON-EU data files are initially decompressed and, as a second
step, converted from grib2formatinto ASCII), and stores them in a dynamic data pool, also part of the
HRAP infrastructure, which is kept updated at all times. The scheduler selects only the most recent
dataset for input to the MEMO model. Each of these processes keeps a separate event log and
diagnostic files accessible through the HARP repository.

The Operational Meso-scale modelling System (OMS) has been configured for three pilot areas in
Belgium (Wallonia), Hungary (Budapest) and Romania. The configuration of the MEMO grid for all
areas is shown in Table 2, while Figures 3-6 depict the domain extents and the topography layer
providing a high-resolution representation of the topography for the model domain for all under
consideration.
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Table 2: Specification and dimensions of OMS domains.

UTM Coordinates (X,Y) 662274 5568490 m
Number of cells in X,Y-direction 120 120 Cells

X,Y size of each cell 2000 2000 m

Grid total extent (X,Y) 240000 240000 m

w
-
c

UTM Coordinates (X,Y) 685702 5616158 m
Number of cells in X,Y-direction 120 120 Cells

X,Y size of each cell 250 250 m

Grid total extent (X,Y) 30000 30000 m

UTM Coordinates (X,Y) 352109 5257038 m
Number of cells in X,Y-direction 72 72 cells

X,Y size of each cell 2000 2000 m

Grid total extent (X,Y) 144000 144000 m

UTM Coordinates (X,Y) 352109 5257038 m
Number of cells in X,Y-direction 144 144 cells

X,Y size of each cell 250 250 m

Grid total extent (X,Y) 36000 36000 m

UTM Coordinates (X,Y) 635546 5002753 m
Number of cells in X,Y-direction 240 240 cells 357

X,Y size of each cell 1000 1000 m

Grid total extent (X,Y) 240000 240000 m

Asregards the required high resolution topographical input data, they were derived from the satellite
elevation datasets of NASA’s Shuttle Radar Topography Mission — SRTM/90m database
http://www2.jpl.nasa.gov/srtm/). Besides, thematic layers of land use data were obtained from the
Corine Land Cover 2006 (http://www.eea.europa.eu/data-and-maps/data/corine-land-cover)
database, whichincludes 44 land use (LU) types, which were reclassified to the seven LU types used in
MEMO applications, namely water, arid land, few vegetation, farmland, forests, suburban and urban.

—_
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Figure 3: Locations of the three pilot domains on the European map.

Figure 4: Definition of mesoscale nested grid for the domain of Wallonia.
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Figure 5: Definition of mesoscale nested grid for the domain of Budapest.

Figure 6: Definition of mesoscale grid for the domain of Romania.

The meteorological mesoscale module, based on MEMO and ICON-EU models, provides functionality
for downscaling several meteorological parameterfields which, amongst other, include temperature,
humidity, incident solar radiation, relative humidity, precipitation, cloud cover and of course wind
intensity and direction. More specifically, modelresults are provided at an hourly basis for the current
hour, as well as for the next three (3) hours as short-term predictions. After the simulations process
has been completed, model results are processed in an automated way and a range of maps are
producedfora number of predefined variables with the aid of suitable post processing tools based on
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the object-oriented scripting language Python. Table 3 depicts the specification of the mesoscale
modelling approach output.

Table 3: Specification of the output of mesoscale modelling approach.

Parameter (unit) Time reference Spatial Resolution Vertical Reference

Temperature (°C)

Relative Humidity (%)

2m
Wind Speed (m/s) 1h 250 m
Wind direction (%)
Precipitation (mm) Surface

Cloud Cover (%) -

For downscaling future climatic series of the above variables, a combination of sampled dynamical
downscaling and statistical downscaling is used. The first part of this approach involves a selection of
100 monthly periods chosen within a period of 100 years covered by the EURO-CORDEX database and
is performed separately for each of the three use case areas. The selection of the periods follows a
climate classification scheme previously applied by Favre et al. (2014). The corresponding downscaling
runs are currently in progress and will be reported in the final version of this deliverable.

The statistical downscaling part of the approach involves a construction of synthetic PDFs of the main
meteorological variables based on the mapping of the sample dataset of dynamical simulations, using
appropriate weight factors. In any case, the construction of a complete downscaled series for the
entire 100-year period is computationally infeasible and will not be undertaken in the frame of this
task. What is targeted instead, is to obtain consistent PDFs of occurrence able to represent
probabilities of events with extremely long recurrence intervals, which could neverthelesssignificantly
contribute to the total hazard. It should be noted that to this end, extracting statistics from EURO-
CORDEX series alone will not suffice since the recurrence intervals could well exceed by alarge margin
the total length of the available series.

3.3 Treatment of the catchment-area scale data

The RCM-predicted catchment-area scale precipitation data collected for hydrological analyses and
shown in the report D3.1 (Lehtonen et al., 2023) needs no downscaling. Instead, it is used as such
directly from EURO-CORDEX database. The catchmentis a cumulative process feeding waterinto the
river from the whole large catchment area. Thus, it depends on spatially and temporally integrated
cumulative precipitation within the area. Downscaling would bring no added value in such data and
would also be computationally too heavy a task.
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4. Use cases

4.1 Target sites and site-specific climatic stressors and data to be
downscaled

This section presents the target sites of each use case and the use-case specific relevant climatic
stressors, which in turn determine the detailed specification of the data to be downscaled.

4.1.1 Use case A: Danube delta

The delta of Danube in Romaniais a large area (see Figure 7). Wind is downscaled only for the Sulina
area (Figure 8). Sulina is the area which is the very mouth of the middle branch of the delta of Danube
on the shore of Black Sea. There, ships enter and exit the narrow river, and the area is quite windy.
There is a small town of Sulina and a small port.

Google Earth

Figure 7: Aerial view of the whole Danube delta area (Google Earth, Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Image
Landsat/Copernicus, Image ©2024 CNES/Airbus, Image ©2024 Maxar Technologies).

Figure 8: Aerial view of the Danube delta in Sulina area (Google Earth, Image ©2024 CNES/Airbus).
25

Dissemination level: Public (PU) - fully open



D3.2 REPORT ON THE DYNAMICAL DOWNSCALING OF CLIMATE AND ATMOSPHERIC IMPACTS 1ST VERSION
FINAL — V1.0, 29/02/2024

3

Downscaled wind data will be used to estimate the high wind gusts to which ships are exposed while
entering and exiting the river. Heavy gusts may pose a safety risk for the ships manoeuvring into the
narrow river and out to the Black Sea. Principally, RCM-predicted future climate wind data for RCP-
scenarios (primarily RCP4.5) will be downscaled for further risk and other analyses. This downscaling
procedure is similar to that for the use case C given as a preliminary example in Sec. 4.1. Additionally,
a downscaled and automatized short-term forecasting system can be developed based on downscaling
NWP data.

Precipitation is downscaled to a high-resolution grid over the lower catchment area covering the
St. George, mainand Sulina branches (Figure 7). This will serve to estimate levelfluctuations and flush
flood eventsthat are associated with the risk of overflows orlow levels. Temperature and cloud cover
series estimated at the same a very high resolution will be used to assess icing probabilitie s on water
surface as wellas on portassets. The high-resolution terrain and land cover used will ensure that these
effects can be reported on a near-per-asset base, taking into account radiative and latent heat fluxes.

4.1.2 Use case B: Port of Budapest

Budapest Port or the Csepel Freeportis located behind the eastern bank of Danube a few kilometres
downstream from the center of Budapest. It includes two bays and four pier sections as shown in
Figure 9 (left). Itis the principal port of Hungary. It can handle dry cargo, containers, breakbulk, RORO,
refined petroleum products and crude oil. More than 2000 ships carrying 1,200,332 tonnes of cargo
visited the port in 2021 (https://www.marineinsight.com/know-more/ports-in-hungary).

=

Figure 9: Left: aerial view of the port of Budapest (Google Earth, Image ©2024 Maxar Technologies). Right a view just off
one of the pier sections showing an old warehouse (© Antti Hellsten) as an example of large buildings potentially influencing
the local wind conditions.

Downscaled wind information is needed to identify the local exceedances of the wind-speed safety
limits of the conventional ship loading and unloading operations in the Budapest port. Here,
conventional means loading and unloading by cranes in contrast to roll in / roll out (RORO) type
operations. For this purpose, we will store the instantaneous LES-predicted wind-speed components
with high 0.33 Hz frequency covering the piers of the port and also the three Vaisala WXT 536 weather
stations installed in the port area. This precomputed LES data will then be used for wind downscaling
as describedin Sec. 2.1.3 and in Sec. 4.1. This way we will obtain downscaled wind information about
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the exceedance frequency in future climate projections, principally RCP4.5, and also downscaled
information for nearterm forecasting. The downscaling is expectedto bring in remarkable added value
since the climate-model data and weather-prediction model data do not include any effects of local
terrain shape, buildings and vegetation in the wind, especially the maximum gusts, and these missing
effects are brought in from the precomputed LES data by means of the downscaling procedure.

Upstream measurements of water levels will be combined with precipitation estimates downscaled
over the coarse area in order to identify exceedances of operational level limits in the day-to-day
timescale, while precipitation downscaled over the fine domain will help identify flush flooding
potential over local assets in smaller timescales, of the order of tens of minutes. Icing potential that
could affect crane and RORO operations will be estimated on the basis of downscaled moving-average
series of temperature and cloud cover in the high-resolution domain.

4.1.3 Use case C: River Meuse near Liege

The area of interestin the use case Cis a section of the river Meuse (Maas) passing the city of Liege in
Wallonia, Belgium and reaching downstream towards north up to the border between Belgium and
the Netherlands (Figure 10). In this area the river consists of two branches near each other. The eastem
branch is the natural river which is not navigable, and the western branch is a man-made channel
(Albert canal) forships to navigate. This branch flows partially above the surroundingterrain between
dikes. Both branches have severalship locks in this area and there are several ports and smaller ship -
loading piers in the area.

¥, ~y

5/

Figure 10: Left: aerial view of the river Meuse area near Liege. Right: closer views of part of the study locations. (Google
Earth, Image ©2024 Maxar Technologies)

Downscaled wind information is needed for two specific purposes in this use case.
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One purpose is to estimate the wave formation on the river surface in order to estimate the risk of
overtopping past the riverbanks. The wave formation is mainly dependent on the time -averaged
surface wind speed and the fetch length, which in turn depends onthe wind direction relative to the
river-bed direction. The wave formation itself will be separately modelled by ULiege using the
downscaled average 10 m wind-speed and direction information over the whole modelled section of
the riverbed, see Figure 1.

The second purpose is to estimate the high wind gusts to which ships are exposed to while
manoeuvring on the river. The most critical manoeuver is U-turn and the most critical vesseltype is
the containership as their face areais typically quite large. The bulk vessels typically operated on rivers
have only small wind-exposed face areaand they are thus less sensitive to gusts. The tallest container
ships operated on Meuse reach up to about 9 m above the water line. Therefore, we store
instantaneous LES-predicted wind-speed components with high frequency of 0.33 Hz above the river
surface up to at least 11 m height covering whole modelled section of the riverbed, see Figure 1. This
precomputed LES data will then be used for downscaling as explained in Sec. 2.1.5 and Sec. 4.1.

Probability of exceedance of operational level limits and probability of overflow/breach events will be
estimated on the basis of downscaled precipitation over the coarse domain. Such exceedances can
directly affect traffic and manoeuvring operations due to overheight and draft limitations. The
temporal resolution of this parameteris one hour, allowing the hydrological models to adequately
resolve the propagation of flood fronts throughout the region. Icing potential will be calculated for
river and terrestrialareas around Liege using the high-resolution domain. Such effects are expectedto
impact road traffic, river surface and near-shore assets.
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5. Preliminary results

5.1 Example of future climate wind downscaling to river Meuse
(use case ()

A preliminary result for the use case C (Wallonia) is presented here asan example. The example is for
long term future climate analysis, i.e. downscaling of the RCM data from the EURO-CORDEX-database.
Near-term forecasting, i.e. on-line downscaling of ICON-EU NWP modeldata will be presentedinthe
report D3.3. Both wind downscaling applications for the use case C are based on the same LES-runs.

The horizontal extent of the whole LES domain, see Figure 1, is made relatively large in orderto setits
outerboundaries faraway from the areas of interest. This way simple and easy-to-use cyclicboundary
conditions can be applied on the outermost, i.e. the root domain. The root domain horizontal
dimensionsare 16 384 m and 18 432 m, and its heightis 1024 m counted fromthe lowest terrain point
within the root-domain. In fact, the domain should extend even further north since the river is of
interestup to the border of the Netherlands, but we had to restrict the domain size as shown in Figure
1 because we had no land use data covering the Netherlands side. Grid spacing in the root domain is
16 m in all directions. This is too low a resolution to resolve the local effects from e.g. buildings.
Therefore, resolutionis focused around the areas of interest using the LES-LES self-nesting capability
of PALM (Hellsten et al., 2021). The resolution is refined in three stages. First there is an intermediate
nest domain NO2 with 8 m grid spacing and including two nested domains NO3 and NO5 each having
4 m grid spacings. Finally, NO3 includes NO4 having 2-m grid spacing and similarly NO5 includes NO6
also having 2 m grid spacing, see Figure 1. The finest resolution nested domains NO4 and NO6 cover
most of the river sections of interest. However, some parts of the river are only covered by NO3 and
NO5 having 4 m grid spacing. This is because otherwise the model setup would have become
computationally too heavy. There is also one more nested domain NO7 having 4-m grid spacing within
NO2. This covers the RCM referencing point (Lon = 5.619494 deg, Lat=50.701488 deg) for downscaling
and for both RCMs: RACMO22E and RCA4. The surroundings of this point feature fairly flat terrain, thus
the LES wind at z= 10 m height from the local terrain surface in this area should correspond well to
the RCM-predicted 10 m wind. In reality, there are some buildings in this area, but we intentionally
neglectthemin the LES modelto make the LES and RCM predictions better correspond to each other
around the referencing point. The referencing point is also shownin Figure 1. Buildings and trees are
modelled only in the high-resolution nest domains N03, NO4, NO5 and NO6. In the root and NO2 the
resolutionis too low to include buildings and trees. There, their effects are modelled simply by means
of increased roughness length z, in the surface boundary condition. In the root domain we set z, =
0.3-m and in NO2 and NO7 it is 0.1-m while NO3 and NO5 it is 0.07-m and 0.03-m in NO4 and NO6.

Time and space dependent wind-velocity components are outputat 0.33 Hz frequency overthe river
surface covering from bank to bank the whole section of interest. The horizontal spacing of the output
grid is four metres. Vertically the output starts from the river surface and reaches up to 11 m above
the surface with the vertical spacing of 2 m within the nests NO4 and N06. In NO3 and NO5 the vertical
spacing of the output grid is 4-m. The output grids are defined as a large number of relatively small
patchesin the LES model but for the sake of convenience all the outputdata is post processed into a
single structured 4-D array which contains time dependent wind-velocity component data in the
above-described points above the river surface and a fill value elsewhere. A separate averaged 10-m
wind 2-D array is provided as well as a result of post processing.
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We carry out the LES runs for 12 30-degree wind sectors under neutral stratification and store all the
above-described resultsfor all the wind sectorsin a data set for downscaling. Furthermore, we store
the wind component data in the referencing point in NO7 at z=10-m above the local terrain surface
and in the two meteorological stations Hermalle (z = 9-m, Lon = 5.690157-deg, Lat = 50.727968-deg)
and Herstal (z = 30-m, Lon = 5.628044-deg, Lat = 50.658395-deg). The station data will be used to
validate the present downscaling methodology.

Here we present a simple example of a downscaling of local peak gusts over the river surface in just
one RCM-predicted future-climate scenario (the scenario RCP4.5 modelled by the RCA4 driven by the
GCM MPI-ESM-LR, i.e. the model combination given on the last line of Table 1). The data spans the
period from 1.1.2006 to 31.12.2100. In this very preliminary demonstration case, we only analyse a
small subsection of Albert canal, a 1.1 km long section downstream from Pont d’Oupeye. This short
section is covered from bank to bank from the water surface up to 9-m height. Complete results will
be provided in D3.3.

These preliminary results indicate that the RCA4 LES-downscaled gust wind speed V.05 OVer the river
surface (along the limited-length domain of this example) are systematically lower than the RCA4
parameterized daily maximum wind gust speed. Table 4 gives the averages, 95" and 99" percentiles
and numbers of exceedances of 14, 20 and 25 m/s threshold values of the daily maximum gust speed
over the river section over the whole time period from 1.1.2006 to 31.12.2100.

Table 4: Some statistical measures of the daily maximum gust wind speed during 1.12006 - 31.12.2100 based on RCP4.5 and
RCA4 RCM driven by the GCM MPI-ESM-LR climate modelling. RCA4-parametrized versus LES-downscaled daily maximum

gust speed
RCA4 parametrized gust RCA4 LES-downscaled gust

Average 11.7 m/s 9.3 m/s

95th percentile 21.1m/s 17.0 m/s

99th percentile 25.1m/s 21.3 m/s

Number of exceedances, 14 m/s 10 754 4463

Number of exceedances, 20 m/s 2510 599

Number of exceedances, 25 m/s 357 75

The RCM cannot capture the orographic effects of the relatively narrow river valley on the wind
statistics. This is probably the main reason for the overestimation. The RCM result represents wind
flow over plain terrain rather than wind conditions within the valley. Another reason for the over-
estimation seemsto be that at leastin this case the RCA4 model’s gust parameterization gives clearly

higher gust factors (maximum gust wind speed divided by the ten-minute averaged wind speed)
compared to our fine-resolution LES.
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5.2 Example of downscaling of other meteorological parameters to
Budapest (use case B)

Dynamical downscaling is implemented in the module developed by AUTh to provide downscaled
versions fortemperature, relative humidity, cloud coverand precipitation at aresolution of 250 m (use
cases B and C) or 1000 m (use case A). Currently the Operational Mesoscale System provides
continuous current-hour nowcasts of these fields based on input from the regional scale model
ICON-EU, which are archived and pre-processed to create arepository of medium-term situations that
will be subsequently used for hazard analysis. Operational output of the system for all use cases is
accessible through an online dashboard available at http://hydra.meng.auth.gr/ploto/. The user can
choose to visualize the current downscaled fields per use case and per parameter, while a choice is
provided between the low (coarse) and high (fine) resolution domains. In addition to online
visualization, the dashboard offers functionality to download the downscaled fields in various raster
formats, including GeoTIFF and NetCDF, suitable for processing by GIS, analysis or visualisation tools.

In Figures 11 to 14, sample hourly downscaled fields are shown for the coarse and fine domains of
Budapest (use case B). Inthe case of temperature and relative humidity, it is evident thatthe process
of downscaling managesto resolve the influence of local topographical (terrain elevation) and surface
type. These results highlight the added value of using a process-based model to resolve information
that would be unavailable from any other lower-resolution model. Moreover, the wide range of
temperaturesresolved overthe fine domainindicates that the downscaled fields provide qualitatively
important information for hazard assessment, since the local extrema can deviate significantly from
the overlying base-state variables and thus contribute to the long tails of occurrence distributions.

In the case of cloud coverand precipitation, the increase in detail as introduced by downscaling is less
pronounced compared to thermal variables, but still important to resolve local effects. In particular,
solar radiation is directly affected by local cloud patterns and can result in variations in surface forcings,
e.g.shadedvs exposed surfacesin respectto the icing potential. Precipitation is adequately resolved
eveninthe coarse domain, which was selected to accommodate most of the catchment area relevant
for hydro-hazard assessment. Nevertheless, the additional structure resolved in the fine domains can
also be of use in cases when information on instantaneous or peak precipitation can affect runoff in
relation to topsoil status etc.

In addition to surface maps of nowcasted fields, the Operational Mesoscale System can provide 24-
hour next-day forecasts over the same area and using the same resolution. The added value of this
productis to support operational preparednesswith potential application to the early-warning module
of IWAT. In Figure 15, sample forecast timeseries of temperature is shown, calculated for the location
of the S3 meteorological station in the Budapest portarea. Since the coarse and fine domains overlap
overthe central area, in principle one can extract this information both from the large domain (which
directly incorporates input from the regional-scale model) and the smaller nested domain (which
incorporates input from the coarse domain), as demonstrated in Figure 15. In practice, only the fine
domain output will be relevant for the case of day-to-day operations.
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Figure 11: Sample surface temperature nowcast fields for the coarse (left) and fine (right) domains of Budapest.
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Figure 12: Sample relative humidity nowcast fields for the coarse (left) and fine (right) domains of Budapest.
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Figure 13: Sample cloud cover nowcast fields for the coarse (left) and fine (right) domains of Budapest.
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Figure 14: Sample precipitation nowcast fields for the fine (left) and coarse (right) domain of Budapest.

Temperature

Figure 15: Forecasted time series of temperature calculated for the location of the S3 meteorological station in the Budapest
port area.
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6. Conclusions

This deliverable report presents the downscaling approaches and methods employed for large -scale
climatological and meteorological data in the PLOTO project. The large-scale data to be downscaled is
onone hand RCM-predictions for the future climate scenarios and on the other hand NWP-model data
for short term forecasts. The climatological data consists of several pairs of RCMs nested into GCMs
and driven by three greenhouse-gas emission scenarios (representative concentration pathways, RCP):
RCP2.6, RCP4.5 and RCP8.5. This data is extracted from the EURO-CORDEX database (Kotlarski et al,
2014) forthe PLOTO use-case relevant areas, see Lehtonen et al (2023). Temporally the time series
span fromthe beginning of the year 2006 up to the end 0f2099 or 2100 de pendingon the model run.
In addition, respective historical data spanning from the beginning of 1971 to the end of 2005 has been
extracted fromthe EURO-CORDEX database by Lehtonen etal. (2023). The short-term NWP data used
in this work is obtained from the ICON-EU NWP modelling system (Zangl et al., 2015).

As the resolution of the climatological and meteorological data is relatively low. The RCM and NWP
models cannot capture any effects of local small-scale features of specific sites of interest like fine-
grained terrain shape, buildings and trees. Therefore, the data is downscaled to local scale and high
resolution such that the effects of the local features are properly captured.

We apply two downscaling approaches in this work. For wind data, we apply an approach based on
precomputed very high resolution Large-Eddy Simulation (LES) data and data fusion. For other
meteorological variables of interest: temperature, relative humidity, cloud coverand precipitation we
apply high-resolution meso-scale modelling. These approaches and methods are described in the
report.

The downscaled RCM data for future-climate scenarios will be used as input to Task 3.6 for the
assessment of the site-specific climate risk parameters and stressor indicators. In WP4, downscaled
climatic projections will be used for infrastructure resilience assessment. The short-term downscaled
forecasting systems developed here will be used in Task 3.4 to obtain tailored forecasts for the use
case sites for the needs of dynamical data assimilation in Task 3.5 and in WP6 to support IWAT,
Decision support system and Enhanced Visualization Interface.

The report also describes the PLOTO use cases and theirrelevant weathervulnerabilities and hazards.
Finally, two preliminary application examples of downscaling are given.
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