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ABSTRACT
The modelling of the urban microclimate, in particular the phenomenon of the Urban Heat Island (UHI), is
becoming increasingly essential for city planning and urban design. The phenomenon analysis is
henceforth possible thanks to the increase in computational power, the link between simulation tools and
urban databases, which allow to represent explicitly the characteristics of the urban microclimate and to
better understand its effects, through the analysis and evaluation of the different impacts of the urban
climatic or anthropogenic contributors. However, the choice of the scale of the study depends on the
accuracy of the modelling approaches, the capacities of calculation and the availability and reliability of
the data. The contribution aims to highlight the phenomenon of the UHI based on a bibliographic study of
the latest research on this topic in Maghreb cities and the different strategies for adapting them to climate
change and for improving their resilience.
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1. INTRODUCTION
The build environment is place of radiative, thermal, dynamic and hydric processes which modify
the climate of the city. Urban environment stores some heat during day but releases little during
night contrary to rural areas.
In a current context where the consequences of the urban development must be mastered, the
knowledge and the modelling of these various urban physical phenomena became an important
stake. The control of the energy consumptions of cities, characterization and quantification of the
Urban Heat Island (UHI) impact, the study of the internal and external thermal comfort of the
space urban users, are widely bound to the development of the knowledge on the interactions
between the city, the climate and the energy.
The UHI is one of the most documented phenomena in the scientific literature; it contributes to
global warming and leads to an adaptation of the city's sustainable planning policies. The
evaluation of the maximum amplitude of the empirical as the case of the large North American
and European agglomerations [1] or with the models based on the energy balances surface or
volume.
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It is very difficult to compare UHI studies because of the multiplicity of used methodologies, the
simplistic historical vision of the single city centre and the clear delimitation of urban space.
Nowadays, the reality is more complex. We cannot quantify the difference in temperature due to
urbanization alone without knowing the original conditions of the site; natural microclimatic
phenomena must make the comparison even more difficult.
The present proposed overview cannot be exhaustive. Nevertheless, it provides an illuminating
insight into the state of the issue and the progress made in recent years about the scientific
knowledge of this phenomenon. This research carried out also the approaches to study the UHI,
and some expected results of these studies, particularly in the Maghreb countries, notably in
Morocco.

2. LITERATURE REVIEW
2.1. CHARACTERIZATION OF THE UHI
UHI refers to the excess air temperature in the urban canopy relative to the surrounding rural
areas. The Urban Canopy Layer (UCL) is the layer of air closest to the surface in cities, extending
upwards to approximately the mean building height. See schematic representation at figure 1.
Each UHI has its own unique features and the quantification of this phenomenon depends on the
specific city. Several studies have subsequently demonstrated that the level temperature
measurement at the streets did not matter because the air temperature varies little in the street
when it is more than one meter from the walls or the road [2, 3].In the literature, the UHI
observation methods listed are based on: collecting statistics data of the temperature difference
between urban and rural meteorological stations [4, 5, 6]; tendency study of temperature for a
meteorological station whose environment is urbanized [7, 8, 9]; comparison of the temperature
trend observed for several stations whose environment evolves differently [10]; observation by
means of a network of fixed stations [11], observation along a path using vehicle [12].

Fig.1. Schematic representation of the urban heat island profile

Numerous studies show that city centres that concentrate large quantities of buildings, economic
activities and leave less space for vegetation and stretch of water are more affected by the UHI
impacts [13].

2

Civil Engineering and Urban Planning: An International Journal (CiVEJ) Vol.4, No.3/4, December 2017

2.2 ENERGY BALANCE OF AN URBAN SURFACE ELEMENT
The development of the energy balance of the city requires the modelling of energy and mass
transfers which are the basis of microclimatic processes. The atmosphere is a thermal machine
whose energy state depends on the balance between these fluxes [14]. The overall surface of the
soil is a patchwork of irrigated or not irrigated plant, mineral and synthetic surfaces with
completely different radiate, thermal, aerodynamic and hydric properties [15]. Moreover, it is
difficult to calculate the urban energy balance within the urban canopy, because of the accentuate
"pleating" of surface, the geometric heterogeneity, the diversity of the thermo-physical properties
of urban developments, and the various unknowns such as the uncertainty of the composition
underground or the unpredictability of the quantity and quality of the energy equipment inside the
buildings [16].
A modelling of urban surface elements or urban facets is required depending on the targeted
spatial and temporal scale [16].While the first one is more used to the energy comparison of
neighbourhoods or to study energy transfers of the larger climate scale, the second is more
suitable for the treatment of energy interactions between building and its immediate urban
environment.
The energy balance of a system is the algebraic sum of the energy fluxes that exchange with its
environment. Simply, it is the spatial scale of modelling that modifies the terms of the balance
sheet. On a large scale, the usual practice is to aggregate the physical variables of the field, the
fluxes, in order to be interested only in their average values. While on a small scale, we are
interested in the singular phenomena, specific to the human scale, the comfort, the safety, and the
energy consumption.
The energy balance of a real surface mesh of an urban object in a steady state (figure2), is
expressed in flux density [W.m-2][17, 18, 19, 20]according to equation (1):
Q* + QF = QH + QE + ∆QS (+ ∆QA)

(1)

where:
Q* is the net all wave radiation;
QF is the anthropogenic heat flux corresponds to the sum of the heat outputs of motor vehicles,
buildings, industries, urban facilities as well as human metabolism;
QH is the turbulent flow of sensible heat due to the aerodynamic heat transfer between the solid
surfaces and the air mass, due to their temperature difference;
QE is the turbulent flow of latent heat due to the release of water vapor by natural soils, plant
surfaces and porous surfaces;
∆QS is the change in the amount of heat stored by the urban area; ∆QA is the net energy (sensible
and latent) advection (horizontal transport).

3

Civil Engineering and Urban Planning: An International Journal (CiVEJ) Vol.4, No.3/4, December 2017

Fig.2. The energy balance an urban building air volume (OKE, 1978).

The term Q* represents the net flux of radiation over the entire electromagnetic spectrum. It is
decomposed into two bands of wavelengths: solar radiation of 0.3 to 3µm (visible from 0.38 to
0.76µm) and thermal infrared (IRT) of 3 to 100µm.
The radiative balance (Q*) in [W.m-2]:
Q* = L↓– L↑ + (1 – α) K↓

(2)

where:
α is the albedo defined as the ratio of the amount of light or energy that is reflected back into the
atmosphere by any particular surface,
L↑ is the net IRT flux exchanged with the surfaces of buildings, soil and all other solid surfaces
belonging to the urban canopy,
L↓ is the net IRT flux exchanged with the atmosphere,
K↓ is the overall solar flux incident.
The incident global solar flux K ↓ is the sum of three terms, the flux coming directly from the
sun, the diffuse solar flux coming from the reflection and multidirectional diffusion of the direct
solar rays by the atmospheric particles and the diffuse solar flux coming from the multireflections on the others urban surfaces and trapped in the canopy.

2.3 FACTORS AFFECTING UHI
Many controllable and uncontrollable factors which contribute to UHI have been categorized
[21]. This include the temporary effect variables, such as air speed and cloud cover and
permanent effect variables like green areas, building material, and sky view factor and cyclic
effect variables such as solar radiations and anthropogenic heat sources.
Controllable factors include urban parameters such as city size, influenced by urban populations
and densities, density of built-up areas including land use, distance between buildings and
average height of buildings, urban geometry including street orientations, H/W ratio of street (H
and W refer to the height and the width of the street canyon, and sky view factor (SVF), which is
the visible area of the sky from a given surface. Apart of urban geometry, surfaces including
4
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buildings and pavements that are generally composed of dark materials that readily absorb and
store the sun’s heat. Most building materials are also impermeable thus further exacerbating the
warming trend in cities. The high levels of urban air pollution as well as the urban heat
generations are an others reason for the heat island formation.
Natural parameters such as temperature, cloud cover and wind have a significant impact on the
UHI. The natural location of a city also plays a role since its physical characteristics that include
topography, mountain ranges and hills, rivers and/or other water bodies can determine the extent
to which UHI can be affected.
2.3.1 MATERIALS AND COATINGS
The ability of an urban material to capture heat and restore it at night is characterized by its
inertia depending on its thermal capacity, conductivity, diffusivity and effusiveness.
Another significant anthropogenic factor that has a major impact on the UHI phenomenon is the
albedo property of urban surface materials. A low albedo means a surface reflects a small amount
of the incoming radiation and absorbs the rest. On the other hand, a high albedo means a surface
absorbs a small amount of the incoming radiation and reflects the rest. The albedo of urban
materials is generally lower than of materials found in the countryside. These materials therefore
increase the temperature and their inertia is higher, so they absorb the heat to restore it during the
night period, preventing the refreshing of the city [22].
Rough and dark surfaces absorb more radiation than smooth, flat and clear surfaces and reach a
higher temperature. Smooth, flat surfaces are warmer than those that are rough and curved. [23].
Materials such as marble, mosaic and stone reach lower surface temperatures and thus contribute
less to the effect of UHI. By studying the variation in the solar reflectivity of concrete, their
composition, aging and climatic exposure have been shown to significantly alter their albedo
[24].
2.3.2 URBAN MORPHOLOGY
The urban morphology refers to the shape, dimension and spacing of buildings within a city,
which together add to the amount of radiation received, reflected and emitted by the urban
infrastructure. In urbanized areas, spaces and built environments are often obstructed, either fully
or partially, by building blocks that quickly become large thermal masses triggering the build-up
of UHI.
Shading is the second parameter affecting the radiative balance. Indeed, the shadows that the
buildings make on the outside spaces limit the rise in temperature of the materials. These shadows
are all the more important as the prospect of the urban construction is high [25].
The orientation of the streets is also of particular importance. The orientation of urban streets and
islets in relation to prevailing winds influences wind speed and turbulence [26]. The link between
the wind speed inside and above a canyon street has also been shown: the wind inside the street is
slowed down, its direction is changed and turbulent flows are generated. This link is largely
influenced by the orientation of the street in relation to the wind and by the prospect of the street.
Toudert [27] carried out an investigation on the contribution of street design toward the
development of a comfortable microclimate for pedestrians during the hot and dry summertime of
Ghardaia in Algeria. The main factors investigated in the study comprised: height-width ratio
(H/W), street orientation, overhanging facades, and the use of galleries and rows of trees; they
were able to determine that street orientation and H/W ratio of streets have the most significant
impact on the microclimate in urban canyons.
5
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Radiative trapping is the third factor, also linked to urban geometry, for a highly prospective
urban form, the solar rays undergo multiple reflections and heat the surfaces that compose the
street before partially emerging towards the atmosphere. The temperature inside the canyon street
will therefore be increased (Figure 3). Infrared rays emanating from heated urban materials are
trapped in the same way [28].

Fig.3. Illustration of radiative trapping (Griffiths, 1976)

2.3.3 THE NATURAL CANOPY
The landscape in rural areas is typically dominated by large vegetated surfaces or open spaces.
Rural temperatures are therefore lower and cooler than their surrounding urban areas due to
shading provided by the trees and vegetation, and the process of evapo-transpiration in which
plants release water from the earth’s surface and accordingly dissipate ambient heat into the air.
In contrast, urban areas are characterized by dry, impermeable and dark mineralized surfaces
consisting primarily of roofs, pavements, roads and parking lots that typically reflect less and
absorb more of the sun’s energy. As urbanization expands therefore, more vegetation is lost, and
more surfaces become paved and covered with buildings thus resulting in lower levels of
moisture and accordingly heat loss such us in (figure 4). Indeed, the phase change of water by
evaporation is accompanied by heat absorption. For example, during a summer rainfall that
supplies 5mm/m² of water, 8 times less water evaporates in urban areas than in rural areas within
the next twenty-four hours. The difference in the amount of heat taken from the environment
corresponds to 2.5KWh/m2 in twenty-four hours, slightly more than twice the heat resulting from
human activities in summer [29].

Fig.4. Evapotranspiration in urban areas (USEPA, 2008)

In the study of the most optimal urban street designs on thermal microclimate for example,
Toudert [27] highlighted the importance of having rows of shade trees in urban canyons due to
the important role they play in enhancing thermal comfort levels of urban streets.
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2.3.4 ANTHROPOGENIC HEAT EMISSIONS
In urban areas, the high density of concentration on the human activities increases the
anthropogenic heat releases of heating, air conditioning, transport and industrial activities. These
anthropogenic heat fluxes are different from the city to another: Oke [18] has been able to
highlight annual values, ranging from 3W/m2 to 117W/m2. While the amount of these releases
depends on the climate (Montreal has one of the highest amounts of anthropogenic releases), it
also depends heavily on building density and population of the city [18, 28, 30].

2.4 EFFECTS OF URBAN HEAT ISLANDS
The consequences of the UHI remain difficult to predict, and very variable according to climates.
It is difficult to decide between reducing heating consumption and increasing consumption of air
conditioning, especially in climate change context.
Among the consequences of the urban heat island effect are the reduction in the efficiency of
passive refreshing modes, air pollution, increased discomfort, and significant risks to human
health and biodiversity [28] as well as the increase in energy consumption [31].
2.4.1 IMPACT ON ENERGY CONSUMPTION
Numerous studies show that the UHI is both the cause and the consequence of the increase in
energy consumption at the city [16].The case of Athens city is pertinent, the maximum intensity
of the UHI can in fact reach 12°C, and an increase of 3 to 5% in electrical consumption is
observed when the temperature increases by 1°C [32].
Santamouris [33] carried out a study in Athens in 1996, showing that the maximum intensity of
the UHI can reach on average for the city center of Athens near 12°C, and even 16°C for the
hyper center. It can be seen that for the city of Athens, where the mean heat island intensity
exceeds 10°C, the cooling load of urban buildings can be doubled, the maximum power of
electricity for cooling purposes may be tripled in particular at higher set point temperatures,
whereas the minimum coefficient of performance COP value of the air conditioners may be
reduced by up to 25% due to higher ambient temperatures.
According to Akbari [34] the analysis of temperature trends in several large cities in the United
States indicates that temperature increases are responsible for 5-10% of the energy consumption
for air conditioning. In 2005, Bozonnet [31] also revealed the vicious circle linked to the mutual
influences of air conditioning systems and the UHI (Figure 5).

Fig.5. The vicious circle linked to the mutual influences of air conditioning systems and the UHI Bozonnet
(2005)
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2.4.2 IMPACT ON OUTDOOR COMFORT
The main external physical parameters that occur in thermal comfort are air temperature,
humidity, solar and infrared radiation received, and air movements or convective influences
(wind) [28]. All these elements are influenced by the form, the urban structure. However, a purely
physiological and quantitative approach is inadequate to characterize external comfort.
Furthermore, parameter that strongly influence the feeling of comfort, there is a subjective
assessment of the comfort that depends on the person and this psychological adaptation to the
outside seems to be important [35]. The thermo-radiative energy balance of the external spaces is
closely linked to the nature and morphology of the building arrangements. Athamena [36] studied
through modelling and numerical simulation the relationship between specific urban morphology
Eco-neighbourhoods, microclimate and thermal comfort in outdoor spaces resulted in
recommendations for the design of a comfortable outdoor urban space, for example, future
neighbourhoods should be constructed as self-contained porous buildings opening the internal
public spaces to the incident winds, thus favouring the ventilation of spaces and limiting the
corner effect which generates unpleasant heat sensations. Moreover, the organization of the
district around an open internal space connected to the outside by a crosswalk advances the
dissipation of the heat accumulated during the day.

3. APPROACHES TO MITIGATION OF UHI IN MAGHREB CITIES
3.1 CASE OF MAGHREB CITIES
There are few studies on the microclimate and human comfort of urban areas in hot dry climates.
A study carried out in Constantine in Algeria with ENVI-met a pronostic three-dimentional
climate model simulating the interactions between atmosphere, soil, vegetation and building on
micro-scale level demonstrated that the urban canyon with a large H/W ratio is most
advantageous for the outdoor thermal comfort in the summer provided that to choose the
orientation offering more ventilation[37]. The wind also represents a rather perceptible element of
the urban microclimate; it is one of the factors which determine the success or the failure of a
public space, as it strongly influences the thermal comfort. It can be a source of ventilation in
summer, or a source of nuisances in winter. Also of Jijel in Algeria; a simulations highlighted the
effect of urban geometry on wind flow and natural outdoor ventilation in the city. The study has
shown that the geometry of the ground plane and the arrangement of the building determine and
model the wind flow. Because of humid climate and strong winds, an exploded geometry is not
recommended for a site at high altitude. On the other hand, it will be appropriate for low lying
areas [38].
The Sfax agglomeration in Tunisia was also studied on the trend of rising air temperatures, the
spatial variability of the UHI and the impact of inadequate development choices on the local
climate on the intensification of global warming. Using the satellite tools, the study showed that
hot surfaces correspond to densely built spaces. The spreading, densification of the built-up areas
between 1987 and 2007 and the vertical evolution that is known in the city are in line with the
expansion of the hot surfaces. The temperature measurements in downtown Sfax, have shown
that some recent developments such as the vertical trend and the use of curtain walls have
worsened the warming. The urban design of the northern countries such as the curtain walls,
neglect of the aerodynamics of the city and the scarcity of green spaces are inadequate to the local
climate.
In future developments, urban planners should have relatively large streets oriented obliquely to
the prevailing wind so that it benefits both facades and streets [39]. It seems sensible to impose,
for new constructions, standards better suited to a warm climate.
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3.2 CASE OF MOROCCAN CITIES
The topic of the UHI in Morocco was first discussed in 2006, as part of a cooperation program
between LPEE (Laboratoire public d’essais et d’études) and the University of Lund (Sweden), in
Fez city comparative study between two districts with a different urban fabric: the urban
traditional area in the medina (Seffarine), and the modern district on the outskirts (Adarissa), a
standard of urban density and a low density urban neighbourhood. The aim was to study the
influence of the urban fabric and shape on the microclimate of the two neighbourhoods.
Johansson [40] proved that in hot dry climates a compact urban design with very deep canyons is
preferable.
The study investigated the influence of urban geometry on outdoor thermal comfort by comparing
an extremely deep and a shallow street canyon in Fez city. Continuous measurements during the
hot summer and cool winter seasons show that, by day, the deep canyon was considerably cooler
than the shallow one. In summer, the maximum difference was on average 6°C and as great as
10°C during the hottest days. However, during winter, the shallow canyon is the more
comfortable as solar access is possible [40].The main difference between the two districts is the
level of the urban form: the configuration and density of the neighbourhoods on the one hand, and
the architecture and walls thermal characteristics of the building on the other. The urban form of
modern districts has a heating effect on the microclimate. This influence can be seen mainly
during the night and afternoon periods; the climate then being out of the comfort zone and it is
sometimes necessary to air-condition. On the other hand, traditional neighbourhoods with a high
urban density have a regulatory impact on the microclimate in summer because they compensate
for the large differences in daytime and night time temperatures which make it possible to
maintain the climate for the most part in the comfort zone. In winter, the urban form of modern
districts has a heating effect on the microclimate.
Casablanca, the largest industrial and commercial center in Morocco with rapid urbanization and
explosive population growth, has also been the subject of two recent studies on the
characterization and evaluation of the UHI by means of satellite tools [41, 42].
Landsat and MODIS data were combined in the simple biosphere model to assess the impact of
urbanization on surface climate in Marrakech. A complete urbanization of the area would
decrease its carbon uptake by 0.13 tons and increase its daytime surface temperature by 1.3◦C,
with 5.72% increase in energy consumption [43].

4. CONCLUSION
In Maghreb cities notably in Morocco, urban planning is being revised; new approaches are being
implemented, and it is the appropriate time to sensitize to take into account of these mitigation
measures. The last urban development plan incorporated measures (eco-neighbourhoods, urban
agriculture, etc.) but it is not a question here of proposing only strategies that can be envisaged in
the short and medium terms (increase in vegetated areas, the albedo of the surfaces ...), but also to
understand if longer-term strategies have their place because of their potentially important effect
on the intensity of the urban climate and more particularly of the UHI. Significant progress has
been made in recent years in taking into account the UHI in the different strategies for adapting
cities to climate change and in improving their resilience. Several studies have focused on this
subject in cities of different climatic zones and have allowed the implementation of an adaptation
strategy specific to each one: Tokyo, Barcelona, Seville, Montreal, Paris and Bayroute. The most
advanced city in the field of adaptation is Tokyo where a systematic plan for watering streets is
proposed and a strategy to open public parks is advocated during a heat wave. Paris else, takes the
issue seriously following the 2003 heat episode. Moreover, consider this problem within the
9
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framework of a systemic approach incorporating the interactions between the different elements
of the urban ecosystem has not yet been addressed in Maghreb cities.
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