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a b s t r a c t

We present a new urban climate model, further referred to as
UrbClim, designed to cover agglomeration-scale domains at a spa-
tial resolution of a few hundred metres. This model is composed
of a land surface scheme containing simple urban physics, coupled
to a 3-D atmospheric boundary layer module. In the land surface
scheme, urban terrain is represented as an impermeable slab with
appropriate parameter values for albedo, emissivity, and
aerodynamic and thermal roughness length, and accounting for
anthropogenic heat fluxes. The UrbClim model is subject to several
validation exercises, using observations from Toulouse (France),
Ghent and Antwerp (Belgium), and Bilbao (Spain), and considering
turbulent energy fluxes, wind speed, and urban–rural tempera-
tures. Despite its simplicity, UrbClim is found to be of the same
level of accuracy than more sophisticated models, including for
the complex terrain characterizing the Bilbao area. At the same
time, it is faster than high-resolution mesoscale climate models
by at least two orders of magnitude. Because of that, the model
is well suited for long time integrations, in particular for applica-
tions in urban climate projections.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Climate modification by urbanisation ranks among the most significant manifestations of human
impact on the environment. In particular, cities experience air temperatures in excess of rural values,
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with average night-time temperature differences of typically a few �C, but increasing to 7–8 �C and
more under favourable conditions. Because of this urban heat island (UHI) increment, cities are par-
ticularly vulnerable to heat waves. Gabriel and Endlicher (2011), in a recent study on Berlin, found that
during heat waves, mortality rates were higher in the city, especially in its most densely built-up dis-
tricts. Dousset et al. (2011) found that in Paris, during the heat wave of the Summer of 2003, areas
exhibiting the highest remotely sensed night-time infrared surface temperature suffered the highest
heat-related excess mortality. The UHI phenomenon also has considerable implications for air quality
(Sarrat et al., 2006; Davies et al., 2007) and cooling energy demand (Short et al., 2009).

At the same time, climate projections indicate that the frequency, intensity, and duration of heat
waves is very likely to increase (Schär et al., 2004; Diffenbaugh and Giorgi, 2012), and that in the
future cities may become more often exposed to extreme heat stress (IPCC, 2012). Urban climate mod-
elling is increasingly considered a relevant tool for the evaluation of the impact and efficiency of urban
(infrastructural) design measures aiming at the improved climate resilience of cities.

The increasing awareness of the vulnerability of urban areas to climate extremes, together with the
increasing share of humans living in cities, has incited an increasing amount of research on urban cli-
mate processes. Over the past decades, numerical schemes of varying complexity have been developed
to represent urban surface physics in atmospheric models. A large number of these urban surface
schemes was recently evaluated in an international intercomparison study (Grimmond et al., 2010,
2011; Best and Grimmond, 2013). One of the principal, and striking, conclusions of this study was that
simple models perform as well as more complex ones. Other workers similarly concluded that, for
given a model, reducing complexity, e.g., in terms of the number of facets used to represent the urban
canopy geometry, generally yields no loss of accuracy (Porson et al., 2009; Ikeda and Kusaka, 2010;
Chemel and Sokhi, 2012).

Urban surface energy balance models have been implemented in mesoscale atmospheric models to
simulate local climate features such as the urban heat island (Baklanov et al., 2008a). Yet, most studies
have been restricted to fairly short periods, focusing on validation and on gaining an enhanced insight
into relevant processes (e.g., Sarkar and De Ridder, 2011; Chemel and Sokhi, 2012; Wouters et al.,
2013). The computation intensive character of coupled mesoscale–urban models has been a limiting
factor for conducting long-term simulations. The main issue is that urban-scale simulations require a
horizontal spatial resolution of the order of a kilometre or better, and at this resolution mesoscale
models become exceedingly slow because of numerical stability constraints imposed on the time
increment. Long model integrations therefore are difficult to achieve unless massive computational
resources are available. This limitation has seriously hampered the use of mesoscale urban climate
models in establishing long-term urban climate projections.

In this paper we present a simple, and therefore fast, but at the same time fairly accurate alterna-
tive for the traditional computation-intensive urbanized mesoscale climate models. This new model
(UrbClim) is based on an existing land surface scheme containing a bulk parameterisation of the urban
surface energy balance, coupled to a 3-D atmospheric boundary layer scheme.

The targeted spatial scale is that of an urban agglomeration and its nearby rural surroundings, gen-
erally yielding model domains a few tens of kilometres wide. Our approach is not aimed at an
improved representation of urban surface processes. Rather, we propose a simple scheme, fast enough
to allow model integrations covering tens of Summer seasons, while maintaining a satisfactory level of
accuracy. Moreover, our approach specifies land surface parameters from generic and routinely avail-
able data sets, to allow an easy, fast, and consistent configuration of new urban domains.

It should be noted that other fast and accurate approaches exist to calculate urban canopy layer
climate using observations from nearby rural reference stations (see, e.g., Erell and Williamson,
2006; Bueno et al., 2013). The main difference with our approach is that UrbClim requires external
forcing by a large-scale host model. In doing so, we reduce the dependence upon the availability of
local reference data, as well as the need to parameterize (or otherwise estimate) meteorological
variables that are not measured routinely, such as incoming radiative fluxes. Last but not least, embed-
ding our model within a large-scale host model entails the possibility of forcing UrbClim with climate
projections generated by Global or Regional Climate Models, thus allowing urban climate projections.

The remainder of this paper is organized as follows. In Section 2, an overview is given of the urban
surface energy balance and the atmospheric boundary layer modules contained in UrbClim. Section 3
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