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Abstract. In this work, some preliminary numerical simulations with the COSMO model including
TERRA_URB parameterization have been performed. In particular, this work concerns simulations over a small
domain located in southern Italy, in order to test the capabilities of the model in reproducing the main climate
features of Urban Heat Islands over this area. Model evaluation has been performed in terms of 2 m tempera-
ture in an urban area and in a rural one, in order to highlight the behaviour of the parameterization in different
contexts. Numerical results encourage further investigation and development of urban parameterization in very
high-resolution configuration of limited area models and specifically of COSMO, to improve the representa-
tion of the maximum daily values of temperature and diurnal cycle especially in urban, but also in rural areas.
Furthermore a better parameter tuning is still required for this specific test case.

1 Introduction

The Urban Heat Island (UHI) effect is one of the most rel-
evant meteorological features of urban environment, since it
has substantial implications on human well-being. The in-
crease of built surfaces constitutes the main reason for the
formation of UHIs (Milelli, 2016). While natural soil with
vegetation uses most of the absorbed radiation in evapotran-
spiration processes with release of water vapour cooling the
surrounding air, paved terrains and buildings tend to absorb
a lot of the incident radiation, which is then released as heat.
The main characteristic of UHIs is that during the warmest
hours of the day, there are small differences between urban
and suburban areas; moreover, at sunset the thermal inertia
of the city is higher than elsewhere, so there the temperature
decreases less than in rural areas, leading to the maximum
temperature differences during the night.

In the last years, Limited Area Models have employed very
high spatial resolution to improve local forecasts, especially
for dangerous convective phenomena and to capture better
the urban features. In the same period, a large number of ur-
ban land-surface schemes have been developed. They enable

the convection permitting atmospheric models to resolve the
heterogeneity of cities with applications for heat stress as-
sessment and the development of urban climate adaptation
and mitigation strategies.

The main aim of this work is to test the capabilities
of the COSMO-LM model with urban parameterization
TERRA_URB in reproducing the main climate features of
UHIs in southern Italy. TERRA_URB is a bulk parame-
terization scheme including prescribed Anthropogenic Heat
Flux and Impervious Surface Area datasets (Wouters et al.,
2015), offering intrinsic representation of the urban physics
with modifications of input data, soil module and land atmo-
spheric interactions. Numerical simulations have been per-
formed over a domain centred over Campania region, em-
ploying a spatial resolution of 0.009◦ (about 1 km), for se-
lected test cases.

2 The Limited area Model COSMO

COSMO (Steppeler et al., 2003) is the operational weather
forecast model of the Consortium for Small-scale Modeling
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(COSMO) originally developed by the German Weather Ser-
vice (DWD). COSMO is based on the governing equations
for a compressible flow. The unresolved scale phenomena
are taken into account in a statistical manner through param-
eterizations. In particular, cities are represented by natural
land surface with an increased surface roughness length and
a reduced vegetation cover. This representation could not re-
liably capture the urban physics and associated climatic ef-
fects including UHIs. The model version used in the present
work includes the urban land use scheme TERRA_URB,
which parametrizes the effects of buildings, streets and other
man-made impervious surfaces. TERRA_URB implements
the Semi-empirical Urban canopy parametrization (SURY)
(Wouters et al., 2016), which translates canopy parameters
(with 3D information) into bulk parameters while preserving
the low computational cost. Bulk schemes are able to sim-
ulate the general urban climate features at convection per-
mitting scales. They include the interactions between the ex-
cess conversion of incoming radiation into sensible heat, heat
accumulation, reduced wind speeds and the anthropogenic
heating, resulting in the urban heat island effect. However,
they do not explicitly resolve the complex processes depend-
ing on the local characteristics and the three-dimensional
structure of the canopy, which further modulate the urban
climate. The model includes two schemes for simulating
the bare soil evaporation: a Biosphere-Atmosphere Trans-
fer Scheme (BATS) (Dickinson, 1984) and a resistance-based
formulation (RB) (Schulz and Vogel, 2020).

3 The computational domain and the test cases
considered

The domain considered, shown in Fig. 1, is centred over
Campania and Lazio regions in southern Italy. The two test
cases simulated as preliminary investigation of the COSMO
version including urban parameterization scheme concerned
the following periods: the first one is 8–10 August 2017,
since in these days the city of Naples experienced extreme
temperature and uncomfortable conditions for the popula-
tion. The second one is 6–8 June 2019, since in these days
a sudden increase of the daily maximum temperature was
recorded, from about 27 to about 33 ◦C. These periods repre-
sent a suitable benchmark to test the urban parameterization
of COSMO. Initial and boundary conditions are provided by
the ECMWF IFS model , characterized by a spatial resolu-
tion of 0.075◦ (Hortal, 2002).

For each day considered, three simulations have been
performed: TERRA_URB switched off (NOURB),
TERRA_URB switched on and BATS (URB_bats),
TERRA_URB switched on and RB (URB_rb.). A spin-up
of 6 h is assumed. Model evaluation has been performed in
terms of 2 m temperature (T_2m) in an urban area (Naples)
and in a rural one (Grazzanise), in order to highlight the
behaviour of TERRA_URB in different contexts. The fol-

Figure 1. The computational domain with the position of the 2 sta-
tions used for the verification (Naples and Grazzanise).

lowing observational data (identified as OBS in the figures)
have been considered: hourly time series of T_2m provided
by the University of Naples, Fuorigrotta quarter (urban area
14.19◦ E, 40.82◦ N); maximum and minimum daily values
of T_2m provided by SCIA ISPRA for the rural station of
Grazzanise.

4 Results

Figure 2 shows the time series of T_2m over the period 8–
10 August 2017 at (a) the urban area of Naples and (c) the
rural area of Grazzanise. Panel (b) shows the spatial T_2m
distribution for 10 August 2017 at 13.00 in a series of points
close to Naples location (Naples is located in point 8). AHF
in the figure represents the Anthropogenic Heat Flux Distri-
bution, which is used as input by TERRA_URB. In Naples,
URB_bats scheme improves the representation of T_2m with
respect to NOURB, especially the daily minimum values.
Anyway, a general underestimation is still evident since the
simulated bare soil evaporation by BATS may be too high,
thus creating a moist and cold bias, particularly during day-
time. URB_rb allows a better behaviour, increasing the aver-
age daily T_2m of 0.2 ◦C and the maximum value of 0.3 ◦C.
In Grazzanise, as expected, URB_bats and URB_rb provide
no relevant increases on the maximum T_2m, but undesired
increases on the minimum one. Figure 3 shows the time se-
ries of T_2m over the period 6–8 June 2019 at (a) the ur-
ban area of Naples and (b) the rural area of Grazzanise. In
Naples, URB_bats provides higher values of T_2m with re-
spect to NOURB, reducing the average bias. A further small
improvement (about 0.1◦) is achieved with URB_rb. Any-
way, a general underestimation is still evident. In Grazzanise,
both NOURB and URB_bats simulations underestimate the
diurnal cycle and are affected by a cold bias at day time. On
the other side, URB_rb improves the representation, espe-
cially on the third day.
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Figure 2. Time series of T_2m over the period 8–10 August 2017 at (a) the urban area of Naples and (c) the rural area of Grazzanise
Panel (b) shows the spatial T_2m distribution for Aug 10th 2017 at 13.00 in a series of points close to Naples location.

Figure 3. Time series of T_2m over the period 6–8 June 2019 at (a) the urban area of Naples and (b) the rural area of Grazzanise.

5 Conclusions

The main aim of the present work was to show some prelim-
inary results obtained testing the capabilities of the COSMO
model with urban parameterization TERRA_URB in repro-
ducing the main climate features of UHIs in specific areas of
southern Italy. The numerical simulations performed on se-
lected test cases have shown that the usage of TERRA_URB
produces a remarkable increase of temperature in urban ar-
eas, reducing the model bias, especially when the resistance
based scheme is adopted for bare soil evaporation. In rural
areas TERRA_URB, as expected, does not produce relevant
effects so that the model underestimates the diurnal cycle and
is affected by a cold bias at day time. Preliminary tests con-
ducted using a “skin temperature formulation” (Schulz and
Vogel, 2020) have shown a reduction of the nocturnal tem-
peratures in rural areas and an increase the UHI intensity
(urban-rural temperature difference). It is worth mentioning
that the proximity of the sea has an impact on the results,
since UHIs are less evident close to the sea. Further inves-
tigations with a more accurate tuning of this scheme are re-
quired and this will be the topic of future work.
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