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a b s t r a c t

Urban Heat Island (UHI) effects have caused extensive economic and health related issues to many city
residents, especially the most vulnerable such as elderly people living in buildings without air condi-
tioners or mechanical ventilation systems. To reinforce the resiliency of individuals and communities in
facing extreme heat event, cities are developing reliable tools to predict the indoor thermal character-
istics using available building characteristics, climate data and socio-economical factors.

In this study, a novel approach is proposed to predict the indoor thermal conditions in these buildings.
First, a measurement campaign is conducted to monitor indoor thermal condition within 55 buildings in
most vulnerable regions on the Island of Montreal. Two models, Simplified and Advanced, are developed
to predict hourly indoor dry-bulb temperatures. Both models use an advanced Artificial Neural Network
(ANN) technique. The Simplified ANN Model generates a correlation between airport weather obser-
vations and monitored indoor dry-bulb temperatures. On the other hand, the Advanced Model includes
ten influential parameters, which represent the effect of neighboring environment, building character-
istics and its usage patterns on the indoor thermal condition. Comparison of these two predictive models
is conducted on different levels of simulation and validation. The Advanced Model shows better accuracy
in predicting the indoor thermal conditions, thus justifying the use of neighborhood specific parameters
to forecast indoor environment condition in an urban heat island area.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Impact of Urban Heat Island (UHI) on mortality rate and heat
related diseases are extensively addressed in the literature [12,15].
Besides exposure of pedestrians, poor-conditioned dwellings are
the main reason for the increase of heat related diseases and
mortality cases, specifically for elderly inhabitants [5]. These group
of people are more vulnerable to heat considering that people
spend most of their times in indoor [27]. As another aspect, Urban
Pollution Islands (UPI) intensified by the UHI can convert a city into
a high risk place for its inhabitants [21]. Consequently, it has been
proven that mortality rate increases along with elevation of the
maximum temperature exacerbated by the UHI [7,13]. Ref. [10]
reported an increase of 3.34% in death for every 1 �C temperature
increase above 21.5 �C. This implies that cities are more vulnerable
to heat wave and should be prepared to confront such emergency
[23].

After the 2003 heat wave in France, extensive studies were
carried out to identify influential factors affecting the heat-related
mortality in terms of individual, building and surrounding envi-
ronmental parameters. Ref. [26] found that building envelope
characteristics, the location of living area, and outdoor environ-
mental condition around the building are the main influencing
factors. Ref. [25] carried out simulations to study the effect of
several factors on reducing overheating in dwellings during heat
waves. The influencing factors were internal heat gains, external
wall insulation, occupancy schedule and building orientation.

Among various approaches to forecast the severity of outdoor
environmental conditions, statistical Techniques demonstrate
pragmatic tools in order to ensure rough predictions of the real-
time UHI intensity [19]. Although other techniques (e.g. urban
canopy models and Computational Fluid Dynamics) show more
precise predictions [17], their huge computational cost and
required comprehensive database make them impractical fore-
casting tools at the moment. Available statistical models however
havemajor drawbacks: They mostly use simple regression between
the UHI and weather situation, and they mainly develop the
regression between weather stations and target areas [8].
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UHI might be formed by the variation of the heat fluxes within
street canopies of an urban area. The heat fluxes contributing in the
energy balance equation include radiation, sensible, latent,
anthropogenic, advection, and storage. Evidently, the amplitude of
each heat flux can be different in a specific street canyon, which
may form numerous but not originally the same heat islands. The
significance of each heat flux is extensively addressed and inves-
tigated in related studies. For example, the influence of materials’
albedo, shading and tree planting on solar heat gain is studied by
[17,28]; and shows the significance of wind velocity on calculation
of latent, sensible and advection heat fluxes. The magnitude and
direction of the wind velocity is also a function of street canopies’
aspect ratio (AR). The latter crucial parameter is commonly
addressed by researchers [20]. In addition to the solar heat gain,
location of the indoor temperature measurement would also help
to encounter the effect of stratification and AR within street
canopies [9]. Furthermore, vegetation is another important
parameter since it simultaneously influences on radiation, sensible,
latent, and storage heat fluxes [1]. Finally, it is shown that the
behavior of diurnal or nocturnal UHIs significantly differs through

one specific hour of the day [2] as it again alters all contributing
heat fluxes, including radiation, sensible, latent, anthropogenic,
advection, and storage.

This paper, first, reports the development of a Simplified Model
applying Artificial Neural Network (ANN) technique that finds
a correlation between the monitored weather parameters and
the indoor thermal condition in a building. For this purpose,
a comprehensive measurement campaign is first carried out within
55 buildings located in themost vulnerable Urban Heat Island (UHI)
areas in Montreal. Then, a more advanced procedure is developed
to implement the effect of surroundings environment of a building
on its indoor thermal conditions. For the Advanced Model, the
correlation generated by ANN not only relies on airport weather
conditions, but also on neighborhood specific parameters contrib-
uting to the formation of UHI, the building and its occupant
behavior and its use. The latter are calculated, within the model, for
each of these 55 buildings which include the local wind velocity,
building occupancy, solar radiation, building volume, building
aspect ratio, location of indoor temperature measurement, vege-
tation ratio, and hour of the day.

Fig. 1. (a) Significant UHI areas in Island of Montreal, (b) Areas where population density is greater than 5001 people/km2, (c) Extremely deprived areas (socially and/or
economically deprived), and (d) Parks and vegetation areas.
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