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OverviewOverview

→ Nocturnal urban heat islands are larger during summer than during winter on average, which is in agreement 
to the observations.
→ In agreement with previous studies, the urban fabric (UF) and anthropogenic heat emission (AHE) both 
contribute to urban heat islands.
→ A strong seasonal variability is found for the impacts of UF and AHE, but also for the synergy between those 
impacts (UF ↔ AHE): The contribution of the UF to the nocturnal UHI is about one third of that of the AHE for winter. 
Conversely, the contribution of UF dominates that of AHE with a factor 2.4 for summer. The respective contributions 
counteract each other for summer with about 15% of the total UHI intentsity, which can be explained by the 
reduced effect of AHE (or vice versa UF) under more neutral vertical temperature profiles established by UF (or vice 
versa AHE). In contrast, they tend to enhance each other during winter with about 8% total UHI intensity. At that 
time, the counteractive effect is preceeded by the effect of reduction in wind speed by the UF exacerbating the 
heating effect of AHE. 
→ The counteraction between UF and AHE during summer nighttime suggests that urban mitigation strategies 
reducing the nocturnal heating effect of the UF are less effective in the presence of AHE (cfr. Air conditioning).
→ As AHE considerably contribe to increased outdoor temperatures during summer, it needs to be investigated to 
what extent possible additional active-cooling by air conditioning at nighttime during more frequent and 
intense heat waves in the future alleviates the outdoor effect of urban mitigation strategies. 

SimulationsSimulations
The table gives an overview of the land-surface parameters altered for 
the different model sensitivity experiments with COSMO-CLM coupled 
to TERRA-URB over Belgium. The features of the Urban Fabric (UF) 
are controlled by ISA and VEG, which refer to the presence of 
Impervious Surface Areas (ie., buildings and roads) and the vegetation 
abundance, respectively. ‘ISA/yes’ means that impervious surfaces are 
represented in existing urban areas, and ‘ISA/no’ means that they are 
ignored. In the case of ‘VEG/scarce’, land-cover parameters account 
for the scarce vegetation in cities. In the case of ‘VEG/abundant’, the 
vegetation parameters are sampled from the natural surroundings, 
which generally leads to abundant vegetation. The keyword ‘AHE’ 
indicates whether Anthropogenic Heat Emission is accounted for in the 
model or not. The keyword ‘STD’ indicates the simulation with the 
standard version of COSMO-CLM excluding urban parametrization. 

→ REF vs. STD: TERRA-ML which is the 
standard land-surface module of 
COSMO-CLM, the urban land-surface 
parametrization TERRA-URB the 
performance of the land-surface TERRA-URB 
→  REF vs. NOAHE: Anthropogenic heat 
reduces the cold bias in sensible heat (Q

H
) 

→  REF vs. NOWVO: By accounting for the 
water-vapor opacity in the infra-red spectrum, 
overestimation in the upward infra-red 
radiation is eliminated.
→  REF vs. DRY: the negative bias in 
evapotransipration (Q

E
) is reduced when 

employing a new water-storage 
parametrization from Wouters et al., 2015, 
see poster POSTER 25 NOMTM on thurday, 
23/Jul/2015 3:00pm – 4:00pm).

Mean diurnal cycle for modelled (thick lines) and 
observed (thin lines; see De Ridder et al., 2015) T

2m
 

at the URBan site (Royal Lyceum of Antwerp) and the 
RURal site (Vremde) for mid-summer (2012/07/21 
until 2012/08/21) and mid-winter (2013/01/21 until 
2013/02/20). Model results for the reference 
simulation with COSMO-CLM + TERRA-URB (TU(11), 
notation, see also table) and the standard version of 
COSMO-CLM (indicated by STD) are shown. The 
urban heat island (UHI) is calculated as the 
difference between URB-site and RUR-site. The 
orange and dark-red shaded areas in the upper-right 
panel represent the averaged UHI for the 
observations and the model results (only) for TU(11) . 
The orange and dark-red shaded areas in the lower 
right panel represent the ranges between the 10th 
and 90th percentiles of the respective urban heat 
island intensities.

In the figure below, observed (stars) and modelled (lines) diurnal averages for the infra-red 
upward radiation R↑ at mast height (z

ref
), sensible heat flux (Q

H
) and latent heat flux (Q

E
) for 

Toulouse Centre (Rue de la Pomme) for the different seasons during the CAPITOUL 
experiment (Masson et al., 2008). REF (red) refers to the TERRA-URB offline reference 
simulation. NOAHE (blue line) is similar to REF, but ignores anthropogenic heat emission. In 
STD (black line), the standard land-surface module TERRA-ML is employed excluding urban 
parametrization. Additional sensitivity simulations are performed similar to REF, but exluding 
the effect of infra-red water-vapor opacity (NOWVO; cyan line) and impervious water-storage 
parametrization (DRY; light-blue line), respectively.

– In agreement to the offline results for Toulouse centre (see orange panel below), COSMO-CLM 
coupled to TERRA-URB is able to reproduce the diurnal, daily, and seasonal variation of the 
urban heat island intensity. This is in contrast to COSMO-CLM coupled to its standard surface 
module TERRA-ML.
– Allthough TERRA-URB captures very well the surface energy balance in offline mode (see 
yellow panel below), an overall underestimation in UHI for Antwerp is found by the model in 
online mode. Possible reasons are the overall too neutral boundary-layer profiles when 
comparing with mast observations, which leads to underestimated UHI intensity (see Wouters et 
al., 2013). At its turn, this may result from overestimated ground heat storage in natural areas as 
vegetation shading is not yet implemented by the land-surface model, or from the overestimated 
turbulent vertical heat transport in the nocturnal boundary layer. 

TERRA-URB Offline evaluation for Toulouse Centre

Impacts on nocturnal UHIImpacts on nocturnal UHI

Stein and Alpert [1993]-decomposition for the UHI impact of the Urban Fabric (UF), Anthropogenic Heat Emission 
(HE) and their Interactions (UF ↔ HE) on the monthly-averaged nocturnal (00:00 UTC) screen-level temperature 
([K]) during mid-summer (2012/07/21 until 2012/08/21; see panels above) and mid-winter (2013/01/21 until 
2013/02/20; see panels below). The decomposition is based on the four TU(xx) simulations given in the upper 
table. The upper three panels show (from left to right) the isolated contributions of UF, AHE and their synergy to 
the UHI intensity, respectively. The lower left panel shows the results of the TU (00) simulation for which the UF is 
replaced by natural land (see also table above), and for which AHE is excluded. The lower middle panel 
represents the total impact of UF, AHE and I. The lower right panel represents the reference simulation TU11.
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– Climatic drivers of urban heat islands in Belgium and their seasonal dependency are 
investigated with model-based sensitivity experiments.
– The regional climate model COSMO-CLM (Rockel et al., 2008) coupled to TERRA-URB 
(Wouters et al., 2015) is used, see POSTER 25 NOMTM on thurday, 23/Jul/2015 3:00pm – 
4:00pm.
– The model is configured over Belgium with 40 vertical layers and horizontal grid spacing of 
2.8km for one year starting from july 2012 with 2 months of model spin-up.
– The model takes ECMWF forecasts at 12.5km horizontal resolution as lateral boundary 
conditions.
– The reference simulation (REF; see also table at the right) employs the default external 
land-surface parameters (EXTPAR) in COSMO-CLM, which is extended with an impervious 
surface area dataset from the European Environmental Agency (Maucha et al., 2010) and 
with an anthropogenic heat emission dataset (Flanner et al., 2009).

Conclusions and recommendationsConclusions and recommendations
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