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a b s t r a c t

The Urban Weather Generator (UWG) is a simple and computa-
tionally efficient model that predicts canopy level urban air tem-
perature using meteorological information measured at a
reference weather station. An evaluation of an improved version
of the model, which accounts for different urban morphologies
and building usage distributions within a city, is presented in this
paper. Calculated urban air temperatures are compared with mea-
surements from a network of weather stations in Singapore, repre-
senting a range of land uses, morphological parameters and
building usages. The comparison shows a satisfactorily perfor-
mance of the model for all weather conditions and for different ref-
erence weather stations. Singapore is located in a hot and humid
climate where vegetation plays a critical role in climate regulation,
the urban morphology is very heterogeneous and air-conditioning
systems are generally used throughout the year. This makes Singa-
pore an interesting case study in order to analyse the potential and
limitations of the model. The study shows that the model can be
applied to different climates and urban configurations to obtain
an estimation of the Urban Heat Island (UHI) effect. However, the
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simplifications and assumptions of the model prevent it from
capturing very site-specific microclimate effects.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Urban areas are characterized by an increase in air temperature relative to the surrounding undev-
eloped, rural areas, a phenomenon known as the Urban Heat Island (UHI) effect. The UHI effect has
been quantified from meteorological observations carried out in many cities around the world. Recent
examples include studies by Roth (2007), Hicks et al. (2010), Lee and Baik (2010), Zhou and Shepherd
(2010), and Houet and Pigeon (2011). The study and prediction of the UHI effect is important in order
to integrate climate-sensitive considerations into the decision-making process of urban design and
operation (Coutts et al., 2010).

The UHI effect arises mainly from differences in morphology and surface materials of the urban rel-
ative to the surrounding rural terrain. The city reduces the diurnal cycle of air temperature due to the
presence of more surfaces with large heat capacities, increasing the effective thermal inertia (Erell and
Williamson, 2007). Furthermore, urban surface roughness decreases the mean wind velocity and
reduces the heat removal through convection. Added to this is the heat gain due to anthropogenic
sources (Sailor, 2011) and lower evaporation due to the reduction of vegetated areas.

Grimmond et al. (2010) review the existing modelling approaches to predict the UHI effect, which
include statistical and numerical models. Of the latter, microscale computational fluid dynamics (CFD)
models are capable of accurately predicting information about the canopy-microscale UHI distribution
at a particular location (Santiago and Martilli, 2010). However, due to their high computational cost,
their scope is spatially and temporally limited; thus, typically, these models are not applied to annual
calculations or analyses at a scale larger than a few blocks, for example. Furthermore, the accuracy of
CFD simulations strongly depends on the boundary conditions, for which detailed information in most
cases is not available, and on the treatment of the turbulence closure and radiation. Although CFD sim-
ulations can be very useful for specific studies, especially involving distribution of wind speed, a very
high computational cost is paid for a gain in accuracy that is not guaranteed.

Mesoscale models are considered state-of-the-art in atmospheric weather prediction and are used
as operational and research tools. These models represent the urban canopy as an aerodynamic rough-
ness for which analytical expressions act as a bridge between the surface and the first atmospheric
layer. The latest generation of mesoscale models is coupled with urban canopy models (Masson,
2000; Kusaka et al., 2001; Martilli et al., 2002), improving the representation of the thermal and
roughness effects of urban areas on the atmosphere. However, the application of mesoscale models
to urban climate predictions, for which the temporal scale of interest ranges from a few days to one
year or even a century, is affected by the same limitations as for microscale CFD models.

As an alternative to computationally expensive mesoscale models, Bueno et al. (2012b) proposed
an Urban Weather Generator (UWG) to estimate the UHI effect in the urban canopy layer using mete-
orological information measured at an operational weather station located in an open area outside the
city. The UWG is based on energy conservation principles applied to control volumes in the urban can-
opy layer and the urban boundary layer for which boundary conditions can be imposed (Fig. 1). The
model is also a bottom-up building stock model (Kavgic et al., 2010) that can be used to estimate
building energy consumption at the city scale, specifically accounting for the interactions between
buildings and the urban environment.

The present study describes an extension of the UWG’s capabilities after first reviewing its most
important aspects. While the previous version allowed the user to define only one representative
urban configuration and building use for a given city, the new version is able to differentiate various
neighbourhood characteristics within a city and different building uses within an urban area. As a
result, the UWG can now be used to estimate the UHI effect and building energy consumption at
neighbourhood resolution. Other changes include the addition of longwave radiation effects of water
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