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Executive Summary 

Within the frame of deliverable “D3: D3.3.1 Report on the dynamical 
downscaling of climate and atmospheric impacts V1” provides an integrated 
numerical modelling system was developed for the provision of information and 
data regarding the prevailing meteorological parameters at the selected field 
trial areas in Guadalajara, Spain and Metsovo, Greece. 

The system follows a three-level top-down approach to down-scale all 
necessary information to the selected field trial areas, utilizing information 
obtained (i) from a large-scale NWP model, namely the ICON-EU, (ii) an 
Operational Mesoscale System (OMS) which is based on the meso-scale 
modeling system MEMO and (iii) a pre-computed database generated via a 
series of high-resolution Large Eddy Simulation (LES) with the climatic model 
PALM 6.0. 

At a 2nd level OMS receives input from the 1st level large-scale model ICON-
EU and can provide information to the PANOPTIS HRAP system both at 
nowcasting mode (current hour and next three hours) and forecasting mode 
(next calendar day at an hourly basis) over the whole extend of selected field 
trials areas at a resolution of 500 m × 500 m. Results from OMS are provided 
both in the form of point specific value and of spatial distribution maps over the 
whole extend of the selected field trial areas. Several prevailing meteorological 
quantities necessary for the estimation of the site – specific natural hazards of 
interest are addressed, which amongst other include temperature, precipitation, 
relative humidity, cloud cover, incident radiation and wind intensity and 
direction. 

At a 3rd level for critical points of interest, for those hazards which exhibit 
intense variability and fluctuations over small temporal and spatial scales such 
as wind related hazards, the overall system employs, a pre-computed 
database of results stored in a scalable form. It should be noted however, that 
the database also provides information for other meteorological parameters as 
well, such precipitation, temperature This database was generated via a series 
of very detailed LES simulations at a resolution of ~5 m × 5 m. To this purpose 
the system employs a nested domain approach allowing large scale 
atmospheric boundary layer turbulence to be solved in a coupled manner with 
the local scale, highly detailed turbulent structures. As in the case of the OMS, 
this database was designed to operate as an embedded part of the PANOPTIS 
HRAP system. 

Within the frame of the current deliverable the system was implemented, and 
results are presented only for the study region of Guadalajara, Spain. 
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1 Introduction 

 

1.1 Purpose of the document 

This document describes the novel computational technique to generate a 
downscaled high-resolution wind prediction which is augmented by a localized 
meteorological forecast for PANOPTIS pilot sites in Spain and Greece. This 
document D3.3.1 is the first part of the Task 3.3 documentation describing the 
dynamic down-scaling of methodology designed to suit the needs of the road 
operators, which is based on an OMS and a precomputed database results, for 
the dominant meteorological parameters of interest over the PANOPTIS field 
trial areas. This document demonstrates the implementation and functional 
testing of the integrated dynamical - downscaling system for the PANOPTIS 
field trial area in Guadalajara, Spanish site. The implementation of the system 
for the case of the Metsovo field trial area in Greece will be demonstrated and 
documented as part of “D3.8: D3.3.2 Report on the dynamical downscaling of 
climate and atmospheric impacts - V2”. 
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2 Intended audience 

This report is primarily targeted for all PANOPTIS project partners, especially 
for the developers of the integrated PANOPTIS system, for the WP3 
collaborators and for the stakeholders. However, it is also accessible to a 
general audience. 
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3 System description 

The overall system utilizes open-access NWP model outputs for meteorological 
data used to determine the requested meteorological parameter fields at 
suitable pressure levels. 

The main design criteria of the overall system focused on the need for the provision of 
information both at real time at a nowcasting mode and next day predictions at a 
forecasting mode for all necessary meteorological parameters with a low degree of 
uncertainty. These results are then utilized as input for estimations for the site specific 
atmospheric induced hazards which may yield a negative impact in the resilience of the 
RI both in form of safety, environmental and financial risks. 

To this end the overall system was designed to embed two semi-independent sub-
systems or else modules, namely the OMS and the DDW, each one with a distinct 
mission and functionality with the ability however for one to complement the other. 

The overall system design is demonstrated in Figure 1. 

 

Figure 1: Architecture of the PANOPTIS numerical modelling methodology for 
downscaling prevailing meteorological quantities.  

 

3.1 OMS 

The OMS module which was developed by AUTh – LHTEE provides 
functionality for downscaling several meteorological parameter fields which 
amongst other include temperature, humidity, incident solar radiation, relative 
humidity, precipitation, cloud cover and of course wind intensity and direction. 
The provision of information of the aforementioned parameters and others upon 
request of the road operators is critical in the sense that it enables the 
estimation of risk factors and hazards such as frost potential and rate of 
evaporation on artificial surfaces, fog formation probability, icing, floods in the 
designated flood prone areas etc. It should be noted that OMS is intended to 
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operate as an embedded module of the PANOPTIS HRAP system (Holistic Risk 
Assessment Platform). 

OMS comprises of two operation modes, nowcasting and forecasting, which are 
implemented based on a scheduler infrastructure that controls a set of grid 
meteorological model simulations: 

o At the nowcasting mode, results are provided at an hourly basis for the 
current hour as well as for the next three (3) hours as short term 
predictions. 

o At the forecasting mode, results are provided at an hourly basis over the 
24-hour period of the next calendar day (00:00 – 23:00). 

The driving model of the OMS is the meteorological model MEMO 
(Moussiopoulos et al., 2012), part of the European Zooming Model (EZM) 
system (Moussiopoulos N., 1995). 

3.1.1 MEMO 

MEMO is a three-dimensional, non-hydrostatic, prognostic mesoscale model for 
the simulation of mesoscale air motion and inert pollutant dispersion at the local-
to-regional scale, over complex terrain, allowing multiple nesting.The 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 considered as a suitable scientific tool to generate such 
comprehensive meteorological data for the needs of meteorological 
downscaling, as well as atmospheric pollutant dispersion. 

For the initialisation of MEMO, a number of vertical profiles of the key 
meteorological variables originating from the ICON-EU operational numerical 
weather prediction model are used. Such profiles are assimilated into the model 
calculations on a 3-hour basis. The grid structure of ICON global model is based 
on an icosahedral (triangular) grid of the earth's sphere. The forecast data are 
also provided in standard packages on an icosahedral (triangular) grid. 
Regarding the ICON-EU calculations, there is a tightly coupled two-way 
interaction between the ICON-EU regional model and the global ICON. 

The native model grid 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 from the four model runs at 00, 06, 12 and 18 UTC and up to 30 hours 
from the model runs at 03, 09, 15 and 21 UTC. The time interval for the forecast 
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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 via the HRAP system, processes them (the 
ICON-EU data files are initially decompressed and, as a second step, converted 
from grib2 format into 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. 

3.1.2 OMS in Guadalajara 

Within the frame of the current reporting period and the current deliverable, the 
OMS was configured, set-up and functionally tested only for the case of the field 
trial area in Guadalajara, Spain. The configuration, set-up and functionally test 
implementation of the overall modelling system in Metsovo, Greece forms the 
subject the work in “D8: D3.3.1 Report on the dynamical downscaling of climate 
and atmospheric impacts V2” in Period 2 of the project. 

The OMS modelling domain for the Spanish pilot site covers the whole section 
of the A2 highway and a portion of the surrounding areas. The characteristics of 
the size of the modelling domain for the Spanish pilot site is shown in Table 1. 
Furthermore, the configuration of the grid generated and utilised by MEMO as 
part of the OMS is presented in Figure 2. It should be stressed out that the 
cartesian grid utilised by MEMO is considered as high resolution for this 
category of meteorological models as it consists of a total of 120 × 120 cells of 
500 m × 500 m over an area of 60 km × 60 km. 

In terms of the required high resolution topographical input data, they were 
derived from the satellite elevation datasets of NASA’s Shuttle Radar 
Topography Mission - SRTM/90 m database (URL1). Besides, thematic layers 
of land use data were obtained from the Corine Land Cover 2006 (URL2) 
database, which includes 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 areas. 

Table 1: Specification and dimensions of OMS domains in Metsovo and 
Guadalajara. 

Guadalajara Domain Center (UTM) 
Domain 

size 
(km) 

Domain 
size 

(cells) 

Spatial 
Resolution 

(m) 

Temporal 
Resolution 

(h) x y 

514300 4520000 60 120 500 1 
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Figure 2: Digital Elevation Model (DEM) of the topography layer and Domain 
extents the for the Spanish pilot site (Guadalajara) 

As mentioned above, the design of the OMS consists of two different operational 
modes. In nowcasting mode, the system computes, on an hourly basis, high 
resolution downscaled meteorological fields for the domains of interest. Model 
results are automatically processed and a range of maps, timeseries graphs and 
statistical indices are produced for a number of predefined climate and 
atmospheric risk factors. As regards the forecasting mode, next-day 24-hour 
meteorological model simulations are driven by the corresponding prognostic 
meteorological simulations of the ICON-EU in order to produce daily sets of 
downscaled parameters graphs for all the designated locations of interest. 

The calculated datasets of both operational modes, consisting of high-resolution 
meteorological fields (both spatially and vertically) of the ambient temperature, 
relative humidity and incident solar radiation on and around the selected focus 
road sections are subsequently stored to the PANOPTIS system middleware or 
the HRAP system. 

 

3.2 DDW 

The general idea of the DDW system for weather related hazard recognition is 
to use very high-fidelity CFD modelling in the form of pre-computations, and 
elevation-sensitive localization of other relevant meteorological variables 
obtained from ICON-EU operational numerical weather prediction model refined 
over Europe. 

The detailed wind predictions are obtained by means of high-resolution Large-
Eddy Simulation (LES) that considers the topographic complexity around the 
PANOPTIS pilot sites. The pre-computations are laborious and time-consuming, 
but they are made only once for each 30-degree wind sector during the system 
development phase, and the results are stored in a dataset, which is part of the 
DDW system. This dataset containing scalable, location specific gust 
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information will be stored within the PANOPTIS system middleware or the HRAP 
system, depending on the end-user needs. The actual downscaled forecast is 
automatically produced every hour, or when necessary, by utilizing ICON-EU 
forecast data for the next hour in the scaling of the pre-computed gust 
information. 

The most up-to-date ICON-EU results are also subsequently processed by the 
DDW system to provide a localized meteorological report for the PANOPTIS 
monitoring sites. Because the pilot sites in Spain and Greece exhibit significant 
elevation the localization is carried out such that the information is 
representative for the specific elevation of the monitoring site. 

The parent HRAP system calls the DDW system every hour. As a first step, the 
script invokes a module icon_data.py which automatically retrieves a new set of 
most recent ICON-EU forecast data files which describe the meteorological 
state of Europe for the current and upcoming hour. 

The ICON-EU data files are subsequently decompressed and converted from 
grib2 to NetCDF-format. 

As a next step, module icon_wind.py interprets the received forecast data, aims 
into the area of the chosen PANOPTIS pilot site (in Spain or Greece) and 
determines the representative high-altitude wind condition assumed valid for the 
next one-hour period for which the downscaled wind forecast is being prepared. 
The term high- altitude wind here means the wind at about 2500–3500 m 
altitude from the sea level which is assumed to be above the roughness 
sublayer (RSL). This is a necessary condition for the scaling practice to work in 
Atmospheric Boundary Layer (ABL) flows. 

In the Metsovo site (Greece), the mountains are clearly higher than in the 
Guadalajara site (Spain). Therefore, higher reference altitude will be used for 
Metsovo than for Guadalajara. The ICON-EU model gives the forecast data on 
constant-pressure levels and the script converts the pressure level to the actual 
reference height for the considered time interval. The height of the pressure 
levels is a function of temperature and, thus, subject to change according to the 
weather conditions. 

If the NWP-predicted high-altitude wind speed is stronger than a threshold (to be 
decided), the system goes on to produce a downscaled forecast. In this case, 
the obtained reference mean- wind vector at the reference height is used by the 
module les_rescale.py first for selecting the best corresponding 30- degree wind 
sectors from the pre-computed LES result dataset stored in the middleware or 
HRAP system. Subsequently, the les_rescale.py module interpolates these two 
LES results to the reference wind direction and rescales the interpolated data by 
the ratio of the current reference wind speed and the nominal wind speed used 
in the LES pre-computations. Finally, the wind prediction tool sends the 
downscaled wind gust forecast for the next one-hour period for the selected 
focus road sections to the parent HRAP system. 

The “wind_predict.py” script also outputs a report on the meteorological state at 
the monitoring sites. This localized weather information is obtained from the 
ICON-EU datasets by considering the following meteorological variables: 

o Temperature at 2 m from surface (°C) 
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o Maximum temperature at 2 m from surface (°C) 

o Minimum temperature at 2 m from surface (°C) 

o Relative humidity (RH) at 2 m from surface (%) 

o Total cumulative precipitation since the start of ICON-EU forecast 
simulation (mm) 

The localization is carried out by dividing the area containing all the monitoring 
sites according to their elevation using 150 m vertical resolution. This is 
essential because meteorology varies drastically with elevation. On each 
elevation level, a statistical description of the meteorological variables is 
gathered over the area. The report for the PANOPTIS monitoring sites is 
compiled choosing the statistics of the correct elevation level. Since the 
horizontal extent of each elevation level also encompasses the surroundings of 
the monitoring sites, the provided nowcast offers a broader, more informative 
account of the prevailing meteorological state near the sites. 

3.2.1 PALM LES  

The LES model PALM (Maronga, 2019; Maronga, 2015; Raasch2001) is based 
on the non-hydrostatic, filtered, Navier-Stokes-equations in the Boussinesq- 
approximated or anelastic form. The dynamic core of PALM solves the 
prognostic equations for the conservation of momentum, mass, energy, and 
moisture on a staggered Cartesian Arakawa-C grid. Subgrid-scale turbulence 
is parameterized using a 1.5 - order closure after Deardorff (1980) in the 
formulation of Saiki et al. (2000). By default, discretization in time and space is 
achieved using a 3rd-order Runge-Kutta scheme after Williamson (1980) and a 
5th-order advection scheme after Wicker and Skamarock (2002). The 
horizontal grid spacing is always equidistant, whereas it is possible to use 
variable grid spacing in the vertical direction.  

Usually, the vertical grid spacing is set equidistant within the boundary layer 
and stretching is applied above the boundary layer to save computational time 
in the non-turbulent free atmosphere. The lateral model domain boundaries are 
by default cyclic, but advanced non-cyclic inflow and outflow boundary 
conditions may be used as well. 

Both the Boussinesq and the anelastic approximations require that the flow is 
considered incompressible. To provide this feature, a predictor-corrector 
method is used where an equation is solved for the modified perturbation 
pressure after every Runge-Kutta sub time step (e.g. Patrinos and Kistler, 
1977). The method involved the calculation of a preliminary prognostic velocity. 
Divergences in the flow field are then attributed solely to the pressure term, 
leading to a Poisson equation for the perturbation pressure. In case of cyclic 
lateral boundaries, the Poisson equation can be solved by using a direct fast 
Fourier transform (FFT) method. However, in case of non- cyclic boundary 
conditions, an iterative multigrid scheme is used (e.g., Hackbusch, 1985). 

LES-LES self-nesting capability has been recently implemented in PALM 
(Hellsten et al., 2017; Maronga et al., 2019). This feature is critically important 
for the downscaling. 
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Parallelization of PALM is achieved by using the Message Passing Interface 
(MPI, e.g., Gropp et al., 1999) and a two-dimensional (horizontal) domain 
decomposition. Also, a so-called hybrid mode is possible, in which each MPI 
task uses Open Multiprocessing (OpenMP, http://www.openmp.org) for further 
parallelization of loops. 

3.2.2 PALM LES in Guadalajara 

At this phase, the LES pre-computations are limited to neutrally stratified 
(isothermal) conditions including 12 wind sectors of 30 degrees (high-altitude 
mean wind). In large-scale low-pressure- system related strong-wind events 
the thermal stratification in mid latitudes is often near-neutral most of the time. 
In other words, we assume that winds occurring e.g. in shallow convection 
situations are usually not critically strong. 

A totally different kind mechanism generating local winds in mountain 
environment, especially along valleys, is local orography- related thermal 
forcing leading to for instance katabatic downhill winds. Such situations cannot 
currently be considered in the DDW system.  According to Whiteman and 
Doran (1993) these effects typically take place when the upper-level wind is 
weak. We assume in this work that such thermally driven local wind 
phenomena are typically not critically strong compared to large- scale low-
pressure-system related strong winds. Yet another kind of weather situation 
possibly featuring strong winds is deep convection (thunderstorms). During the 
second half of the project, it will be studied if deep convection situations could 
also be considered and included in the dataset. However, at this point it 
remains unclear if this is possible within the context of pre- computations and 
the proposed rescaling technique. Therefore, at the present we focus on the 
neutrally stratified conditions. In addition to the isothermal assumption, we 
assume height- independent air mean density, hence the Navier-Stokes 
equations in the Boussinesq-approximated form are solved in this work instead 
of the anelastic form. 

The LES modelling domain covers the whole 77.5 km long pilot section of the 
A2 highway and some surrounding areas, see Figure 3. In order to efficiently 
downscale the wind field to the focus sections listed in Table 2, we use nested 
sub-domains with refined resolution within the total domain. The total horizontal 
size of the domain is 110.6 km times 55.3 km, and the domain height is 3.1 km 
measured from the lowest terrain point in the domain, which is 614 m ASL. The 
orientation of the root domain is rotated 40 degrees counterclockwise relative 
to the map orientation such that the highway section runs roughly along the 
horizontal direction of the domain. Table 2 gives the specifications and 
dimensions for all the LES domains, both the total domain (root domain) and 
the smaller nested domains with refined resolutions 

The spatial resolution in the root domain is 72 m horizontally (in both x- and y-
directions) and 36 m vertically. There are three 2nd level nest domains labelled 
as N02, N03 and N04, covering the sections of interest listed in Table 2. The 
nest-domain configuration is illustrated in Figure 4. The second level nest 
domains have horizontal resolution of 24 m and vertical resolution of 12 m. 
Each of these three 2nd level nest domains include two 3rd level nest domains 
located around the six sections of interest. These 3rd level nest domains 
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denoted by N05, …, N10, have horizontal resolution of 8 m and vertical 
resolution of 4 m. This very high resolution makes it possible to capture the 
strongest wind gusts which may often be very localized and short-lived. 

Table 2: Specifications and dimensions for all the LES domains at critical 
points of interest across the Guadalajara field trial area in Spain 

 

Cyclic boundary conditions are set to the side boundaries of the root domain 
assuming that the environment and the state of the ABL remain statistically 
similar outside the root domain area. Therefore, the terrain topography inside 
narrow zones near the outer edges of the root-domain are artificially made to 
match on the opposing boundaries (not shown in Figures 3 and 4). Obviously, 
this is not reflecting the reality, but this simplification has no significant 
influence on the results because the outer boundaries of the root domain are 
set far away from the areas of interest. This is the reason why the root domain 
is made so large. On the top boundary of the root domain, the free-slip 
condition is set for the velocity vector and Neumann zero-gradient condition for 
the SGS kinetic energy. The bottom boundary conditions are set using the 
Monin- Obukhov similarity theory with the roughness length z0 = 0.05 m on all 
ground surfaces. 

 

Figure 3: LES modelling domain in Guadalajara, Spain 

 

Label Road coord. 
(KM) [Start] 

Road coord. 
(KM) [End] 

Explanation 

M-1 63+230 64+230 Meteo-1 

M-2 102+010 103+010 Meteo-2 

W-1 92+700 93+300 Windy area 

W-2 120+450 123+300 Windy area 

W-3 130+900 131+300 Windy area 

M-0 Guadalajara - Met Station 
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The nested sub-domains are two-way coupled with their parent domains such 
that the individual solutions in all the domains together form a unified solution 
in which the highest resolution is targeted to the areas of particular interest (the 
focus sections given in Table 3). The coupling from the parent domain 
constitutes the boundary conditions for the nested domains on their side and 
top boundaries. Their bottom boundary conditions are set similarly to the root 
domain. The multigrid method is used to iteratively solve the pressure equation 
because the nested domains have no cyclic boundary conditions on their side 
boundaries. The multigrid method is used also for the root domain even though 
it has cyclic boundary conditions on its side boundaries. The wind flow is driven 
by a set value of the mean pressure-gradient vector for each high-altitude wind 
direction. 

The downscaled wind forecast provides instantaneous wind fields every two 
seconds on and around the selected road sections at three heights relative to 
the local ground level: 2 m, 6 m and 10 m. The horizontal resolution of this data 
is 8 m. This is extremely high resolution compared to approximately 7 km 
resolution of the underlying NWP forecast. In addition to this the downscaled 
forecast includes also lower resolution data output every six seconds covering 
larger parts of the highway section. This additional data is given at 6 m height 
relative to the local ground level and its horizontal resolution is 24 m. 

 

Figure 4: Nest domain configuration in Guadalajara, Spain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Visualization of the nested domains that are modelled 

with higher resolution. The specific pilot site sections along A2 

highway (see Table 1) are also visualized. 
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Table 3: Specification and dimensions for the LES nested domains.  

 

 

4 Results 

4.1 OMS results for Guadalajara 

As already mentioned above, OMS operates in two different and independent 

modes. More specifically, in the frame of the nowcasting mode, the system 
calculates hourly high resolution downscaled meteorological fields for the 
domains of interest regarding the current calendar day. Model results are 
subsequently processed in an automated way and a range of maps, timeseries 
graphs and statistical indices are produced for a number of predefined climate 
and atmospheric risk factors. 

On the other hand, the forecasting mode generates results for the next calendar 
day on an hourly basis, which are then modified by suitable post processing 
tools based on the object-oriented scripting language Python in order to produce 
sets of downscaled parameters graphs for all the designated locations of 
interest. 

The calculated datasets of both operational modes, consisting of high-resolution 
meteorological fields (both spatially and vertically) of the temperature, relative 
humidity, precipitation, cloud cover, incident solar radiation, wind speed and 
direction in a vectorized form, on and around the selected focus road sections 
are subsequently stored to the PANOPTIS system middleware or the HRAP 
system. 

Indicative results in the form of georeferenced spatial distributions for the wind 
intensity, precipitation and cloud cover, temperature and relative humidity 
generated by the OMS for a random hour of a random day are demonstrated in 
figures 5 – 8. In all cases, the results for the spatial distributions have been 
estimated at a horizontal level at a height of 15 m from the ground.  

Finally, Figures 9 illustrates the diurnal pattern of temperature and relative 
humidity at two critical points of interest at the A2 motorway in Guadalajara, 
Spain, namely M-0 and M-1. 
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Figure 5: Wind field (m·s-1) at a horizontal level 15 m above the ground in 
Guadalajara, Spain. 

  

(a) (b) 

Figure 6: (a) precipitation (kg·m-2·s-1) and (b) cloud cover at a horizontal level 
15 m above the ground in Guadalajara, Spain. 
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Figure 7: Temperature distribution (oC) at a horizontal level 15 m above the 
ground in Guadalajara, Spain. 
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Figure 8: Relative humidity distribution (%) at a horizontal level 15 m above the 
ground in Guadalajara, Spain. 

  

(a) (b) 

Figure 9: Diurnal patterns of temperature (oC) and relative humidity distribution 
(%) at a horizontal level 15 m above the ground in Guadalajara, 
Spain. 
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4.2 PALM LES results for Guadalajara 

The PALM LES simulations for the Spanish A2 highway pilot areas (labeled as 
case Guadalajara) are initially run only with the root domain for 5 hours 
physical time to ensure that the atmospheric boundary layer flow has passed 
the initial transient development phase. After this initial phase the flow has 
settled such that any sufficiently long time series sample of a chosen flow 
quantity yields stationary statistics. 

The first downscaling LES is computed for the wind sector 335 degrees which 
corresponds to 15 degrees in the present PALM coordinate system rotated by 
40 degrees counterclockwise relative to the map coordinates. Figure 10 depicts 
the topography of the root domain together with a snapshot of the 
instantaneous velocity field toward the end of the 5 hour simulation. The flow 
has organized into very long streamwise streak (or rolls) of alternating high and 
low momentum regions. These super structures have been demonstrated to be 
an inherent feature of near neutrally stratified atmospheric boundary layer flows 
(Hutchins et al., 2012). 

The nested downscaling simulation is initialized with the flow field obtained 
from the 5-hour precursor simulation and continued for 1 hour and 15 minutes, 
such that the first 15 min is devoted for the high-resolution nest domains to 
properly develop the more detailed turbulence structures. The remaining hour 
is used to record the turbulence data from all the specified data sampling sites 
at 0.5 Hz frequency. 

 

Figure 10: Root domain and spatial variability of an instantaneous state of the 
turbulent wind. 
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Figure 11: wind vectors at critical points of interest in the A2 motorway in 
Guadalajara, Spain 

The final NetCDF datasets for each wind sector used by the DDW system 
consists of the maximum gust distributions around the specified monitoring 
sites collected from the third level nest domains N05 - N10 and near-the-
ground mean flow distributions across the second level nests N02-N04. Figure 
6 exemplifies the maximum gust distribution from nest region N06 (also shown 
in Figure 5). Depending on the end-user needs, the information can be 
provided as distributions or just simply as individual gust strength values or 
both in the final implementation. 
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Figure 12: Visualization of the maximum gust distribution at 2 m height 

from nest region N06. 

In the current version, the localized prediction tool outputs a report on such as 
the following gust report. The report contains the coordinates of the monitoring 
sites and the following wind speed (|U|) metrics:  

o maximum, 99th percentile (wind speed occurring at 1% probability), 

o mean and standard deviation. 

Table 4: Wind gust report obtained on June 4th at 16:45 CET 

Label UTM-X UTM-Y Max |U| 
(m/s) 

P99 |U| 
(m/s) 

Mean |U| 
(m/s) 

Std 
|U| 

(m/s) 

M-0 486555.937 4497175.175 7.7 5.8 3.2 0.9 

M-1 491467.9 4502342.106 10.2 5.6 2.3 1.1 

W-1 511739.631 4522160.365 12.9 9.6 6.2 1.4 

M-2 519623.675 4526249.575 12.8 9.7 6.2 1.5 

W-2 534395.344 4537214.731 13.3 9.9 6.2 1.5 

W-3 542186.635 4541881.097 10.1 7.4 3.6 1.5 
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5 Conclusions 

This report introduces and successfully demonstrates the computational 
methodology concerning the novel dynamical downscaling approach which has 
been developed and functionally tested as a fist step for the test case of the A2 
motorway in Guadalajara, Spain, for the needs of the PANOPTIS project. 

The design of the OMS which consists of two different operational modes, the 

nowcasting and the forecasting offers to overall PANOPTIS HRAP system all 

required critical meteorological parameters in order to generate estimates for 

site specific natural hazards of interest. The system computes, on an hourly 

basis, high resolution downscaled meteorological fields for the domains of 

interest. Model results are automatically processed and a range of maps, 

timeseries graphs and statistical indices are produced for a number of 

predefined climate and atmospheric risk factors. As regards the forecasting 

mode, next-day 24-hour meteorological model simulations are driven by the 

corresponding prognostic meteorological simulations of GFS in order to produce 

daily sets of downscaled parameters graphs for all the designated locations of 

interest.  

Depending on the location and its specificities in the sense of the climatic zone 

that a certain area of interest may be located at different hazards may be of 

interest. Such hazards may include the probability or risk of fog formation, icing, 

snowfall. Furthermore, it should be note that some of the parameters that OMS 

generates results for may be viewed as direct hazards themselves. For 

example, temperature, if extreme, is a hazard. In the same sense, precipitation 

may also be viewed as a hazard. Hence although some of the potential hazards 

of interest are directly estimated by OMS and DDW (extreme winds / extreme 

gusts) Some others use the primary meteorological parameters, and they are 

estimated as part of WP4. 

DDW offers point specific information or else localized meteorological 
predictions as well as information on wind related hazards with a very high 
degree of accuracy. The wind prediction approach (an elemental part of the 
system labelled DDW) which has been adopted exploits pre-computed LES 
results for atmospheric boundary layer turbulence obtained for every 30 degree 
wind sector around the PANOPTIS pilot sites. The downscaled simulations yield 
scalable datasets concerning the maximum gust strengths and other wind 
speed statistics near the monitoring sites. The scaling is performed according to 
regularly released open-access numerical weather prediction (NWP) outputs, 
which cover the entire Europe. The implementation of this scaling practice is 
outlined in this document. The NWP dataset is also exploited to compile a 
localized report of the meteorological state around the PANOPTIS monitoring 
sites. 

The simulation domain for the Spanish pilot site (used here for demonstration) 
contains multiple monitoring stations for which highly detailed sampling stations 
are placed. The nested LES approach features three levels of computational 
domains where the smaller, fine resolved domains obtain their boundary 
conditions from the larger and coarser domain. For the Spanish pilot site, the 
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largest domain - so called root domain - captures the largest ABL turbulence 
structures and their interaction with the larger-scale topography. The other two 
levels are situated around the monitoring sites of interest and resolve the local 
scale turbulence which is influenced by both the large-scale flow and the 
topografic traits of the near-by terrain. The results yield a highly detailed 
description of turbulent gusts that allows the wind related impacts to be 
determined at unprecedented accuracy. 

The pre-computed LES datasets will be stored within the PANOPTIS system 
middleware or directly within the HRAP system depending on the specifications 
of the final system. The DDW system and the localization of the meteorological 
nowcast, is performed by Python program wind_predict.py, which are also 
embedded as independent functionalities into the HRAP system. 
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