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+ Simulations of German cities using the microscale
climate model PALM-4U

« Estimation of improvements of thermal stress us-
ing adaptation measures

» Relationship between surface and air temperature

Within the framework of the project Urban Green
Eye [1], satellite data will be established to determine
climate adaptation-relevant parameters as means
of action in municipal administration and planning
processes. Municipalities will be able to access up-
dated indicators for climate adaptation free of charge
through a cloud-based data portal.
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Figure 1: The Urban Green Eye project logo .

The project will provide indices of thermal stress
and relief and hydrological relief as a quantitative
measure for inclusion and reuse in geographic infor-
mation systems (GIS). These indices will be avail-
able nationwide for all municipalities, creating a na-
tionally uniform data basis for the development of
qualitative and quantitative indicators for municipal
climate adaptation strategies.

To this end, the state-of-the-art meteorological
modelling system PALM-4U will be used to sim-
ulate the microclimate and outdoor thermal comfort
of some selected neighbourhood of some German
cities, such as Berlin, Leipzig, and Duisburg.

PALM-4U is a modern and highly efficient urban
climate model allowing for simulations of the urban
atmosphere with building-resolving spatial resolu-
tion over a neighbourhood and a city scale. This
model is equipped with all the modules required for
simulating urban areas, such as the plant canopy

module, the urban surface module, the land surface
module, the radiation module, the indoor climate
module, the chemistry module, and the biometeoro-
logical module. The model has been successfully
evaluated against field measurements, wind tunnel
simulations, and previous LES studies. It shows also
excellent scalability on massively parallel computer
architectures.

Figure 2: Near surface air temperature in the simulated domain
(Ernst-Reuter-Platz in Charlottenburg, Berlin) during a summer
night.

The PALM-4U modelling system will be utilised
to transfer remotely sensed data into ground-level
meteorological and bio-meteorological variables in
order to examine the impacts of uncertainties in
satellite-based calculations of green volume and val-
idate and expand the deficit analysis results. Addi-
tionally, the scenario calculation will demonstrate the
effects of concrete adaptation measures on areas
with high deficits.

Therefore, the project will involve simulations of
current conditions and scenarios for German cities
that include adaptation measures to address thermal
relief. These measures will consider factors such as
green space connectivity, biodiversity, and the avail-
ability of fresh air, as well as the quantity and quality
of vegetation and its potential cooling capacity.

We will use simulations with PALM-4u to examine
the relationship between surface temperature and
air temperature under various meteorological condi-
tions at the local meteorological scale, considering
the influence of spatial scale and vegetation on this
relationship. We will calculate the correlation coeffi-
cients between air and surface temperatures at this
local scale, and also investigate the impact of spatial
scale and vegetation density on air temperature. Ad-
ditionally, we will use the simulated average surface
temperature and normalized difference vegetation
index to accurately estimate air temperature from
satellite-derived surface temperature data.
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Figure 3: Surface temperature of a focus domain in the simulated area (Ernst-Reuter-Platz in Charlottenburg, Berlin) during a summer
day at 13:00.
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