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Summary of project objectives (10 lines max)

The final goal of the project is to finalize the implementation of the urban parametrization (called
TERRA_URB) in the official release of COSMO model and, consequently, to implement it into
ICON model. The technical part of the work is supported by verification, using the data of the Italian
network. Two case studies have been selected, in October 2017 and July 2020 in Torino.

Summary of problems encountered (10 lines max)

The first tests performed with v6.0, revealed many problems, therefore a deep debugging was
necessary and this took a bit longer than expected. Moreover, the well-known COVID related
issues, slowed down the work of the team further.

Summary of plans for the continuation of the project (10 lines max)

The implementation of TERRA_URB in the latest version of COSMO (v6.0, the last before the switch
to ICON) seems to be complete, so we need to run the simulations (run with the private branch) with
v6.0. Next year, we will start working with ICON.

List of publications/reports from the project with complete references

Garbero, V.; Milelli, M.; Bucchignani, E.; Mercogliano, P.; Varentsov, M.; Rozinkina, I.; Rivin, G.;
Blinov, D.; Wouters, H.; Schulz, J.-P.; Schéttler, U.; Bassani, F.; Demuzere, M.; Repola, F.
Evaluating the Urban Canopy Scheme TERRA_URB in the COSMO Model for Selected European
Cities. Atmosphere 2021, 12, 237. https://doi.org/10.3390/atmos12020237

Summary of results

If submitted during the first project year, please summarise the results achieved during the period from the
project start to June of the current year. A few paragraphs might be sufficient. If submitted during the
second project year, this summary should be more detailed and cover the period from the project start. The
length, at most 8 pages, should reflect the complexity of the project. Alternatively, it could be replaced by a
short summary plus an existing scientific report on the project attached to this document. If submitted during
the third project year, please summarise the results achieved during the period from July of the previous
year to June of the current year. A few paragraphs might be sufficient.

The area of study is the city of Torino, Northern Italy (Fig. 1), where we have selected 3 urban
stations (Reiss Romoli, Alenia, Consolata) and a reference rural station (Bauducchi). The
simulations, obtained with a parallel branch of the mode (not official) have the following structure:

 initial and boundary conditions from the Integrated Forecast System (IFS, grid resolution:
9km)

* nesting: domain size 350x350 km centered around Turin — final grid spacing: 1km

« observations provided by the Arpa Piemonte network (hourly data)

» case study 1: 22-29 October 2017

+ case study 2: 16-22 March 2020

+ zero-order model (TERRA_URB off) — SIMO / REF_TUF

» urban parameterization (TERRA_URB on) — SIM1 / REF

* TUon, ISA & AHF from LCZs - SIM2 / LCZ

» for SIM1 (and REF), the city-descriptive parameters ISA (impervious surface area) and
AHF (anthropogenic heat flux) are provided by COSMO software EXTPAR

« for SIM2 (and LCZ) they derive from the Local Climate Zones (LCZs) classification system
(Stewart, 1.D.; Oke, T.R. Local Climate Zones for Urban Temperature Studies. Bull. Am.
Meteorol. Soc. 2012, 93, 1879-1900)
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https://doi.org/10.3390/atmos12020237

* urban stations are averaged in order to have a single urban super-obs

sias,

FIG. 1: domain ot the studi

The city stores heat during the day and releases it during the night, having warmer urban
temperatures than the surroundings and this is well reproduced by the activation of
TERRA_URB, while SIMO/REF_TUF are not able to capture the UHI intensity (FIG. 2).
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FIG. 2: UHI, October 2017 (left) and March 2020 (right).

Then we studied the impact of the 3 urban canopy parameters used in TERRA_URB, that is Building
area Fraction (BF), building Height (H) and canyon Height-to-Width ratio (H/W). We used (for the
2017 case) different values of the parameters (TAB. 1), comparing to the LCZ simulation that
contains the default values defined in “Wouters, H.; Demuzere, M.; et al. The Efficient Urban Canopy
Dependency Parametrization (SURY) v1.0 for Atmospheric Modelling: Description and Application
with the COSMO-CLM Model for a Belgian Summer. Geosci. Model Dev. 2016, 9, 3027-3054".
The resulting UHI is in FIG. 3. In this case, only the station of Torino Consolata has been used.

It can be seen that the main impact is given by the Building area Fraction (in green), which reduces
Tmax and increases Tmin (moving from 0.67 to 0.5).
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BF (%) H (m) H/W

LCZ 0.67 15 15
LCZ_BF 05 15 15
LCZ_H 0.67 8 15

LCZ_HW 0.67 15 1

TAB. 1: values of the parameters for the sensitivity study.
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FIG. 3: T2m (left) and mean T2m (right).

Eventually we looked at the Surface Energy Balance (SEB) for the 2017 case, although there is no
observation available. Following “Wouters, H., et al. The diurnal evolution of the urban heat island
of Paris: a model-based case study during Summer 2006. Atmos. Chem. Phys. 2013, 13, 8525-8541"":

* Qg: net short-wave radiation
* Q.: net long-wave radiation

*  Qp: sensible heat flux

* Qg: latent heat flux

* AQg: ground storage heat flux

* Qk+QL+Qu+Qg+AQs=0

BF |H H
) | (m | w

0.67 | 15 1.5

TAB. 2: values of the external parameters.
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FIG. 4: LCZ sim, UHI (left) and SEB (right).

The plot in FIG. 4 (right) shows that the greatest differences between urban and rural areas are during
daytime in the latent heat (|Qg|yrs < |Qr|rur), SENSIbIE heat (increased |Qy | in the city) and ground
storage (increased |AQg| in the city), in accordance with the UHI effect.

The main conclusions are the following:

» The activation of TERRA_URB (TU) positively improves the representation of the UHI
phenomena over Torino

» The use of different datasets for the input external parameters ISA and AHF required in TU,
does not provide a substantial improvement on the results

« However, the Local Climate Zones classification system yields to more accurate data as input
values, with the possibility to describe the heterogeneity of different cities

» The urban-geometry parameters (required in TU) offer an even more realistic representation
of an urban area. Their sensitivity analysis shows that the Building Fraction (BF) has the
greatest impact on the results

» The largest differences between urban and rural occur for sensible heat flux (Qy) and ground
storage heat flux (AQs). The storage heat stored during the day is released during the night at
higher rates for the urban area (UHI)
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