
1 PURPOSE OF THE PAPER

The present paper focuses on design guidelines of a thermally comfortable urban street, illus-
trated by a few examples to show their applicability. Indeed, the street appears as the interface
of urban and architectural scales, as it consists on “shared” active facets between the building
envelope and the open urban canopy. Designing the street is, hence, a key issue in a global ap-
proach for an environmental urban design (Table 1, see also Ali-Toudert 2000, Ali-Toudert and
Bensalem 2001). The shape of the street canyon has been reported to influence both outdoor and
indoor environments, i.e. the potential for passive solar gains inside and outside the buildings,
the permeability to wind flow for internal and urban ventilation, the urban absorption versus
reflectance of radiation as well as the potential for cooling of the whole system By implication,
the street affects the thermal sensation of people as well as the global energy consumption of
urban buildings. The strategic importance of the street is also attributable to its function: the
street network of an urban entity has, from a design point of view, a structural role and accounts
for the main support for mobility, urban activity, social life, and even reflects cultural specifici-
ties (e.g. Mounghtin 2003)
The guidelines discussed here are based on a study which dealt with outdoor thermal comfort in
dependence upon street geometry under summertime conditions (Ali-Toudert 2005). The street
properties investigated in that study included the aspect ratio H/W, street orientation and a num-
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ABSTRACT: The transfer of the theoretical knowledge on urban climate and microclimate to-
ward operational design guidelines is a critical issue for reaching sustainability for both cities
and buildings. The present paper underlines the benefits of a “green” methodology evolving
from urban planning phases to architectural design of urban spaces. It seeks to answer the fol-
lowing questions: At which levels of urban planning and urban design should the climate (i.e.
natural energy) be integrated, and in which form? What is the contribution of urban geometry
toward the development of thermal comfort conditions outdoors for the pedestrians? What are
the most decisive design aspects to consider for meeting this comfort while keeping the best
conditions for implementing sustainable buildings?
Findings from personal studies are summarized including numerical results and on-site meas-
urements on outdoor thermal comfort methods and on the dependence of comfort upon the ur-
ban structure. Street design recommendations are outlined, supported by a number of examples
in order to illustrate their applicability. The most decisive urban describers on human outdoor
comfort include the vertical street profile, solar orientation and further design details of the fa-
çades and complementary arrangements of the pedestrian areas.



ber of details, i.e. the use of galleries, rows of trees, and overhanging façades. The full results
are available in (Ali-Toudert et al 2005, Ali-Toudert and Mayer 2006, Ali-Toudert and Mayer
2007a, Ali-Toudert and Mayer 2007b). So, the present paper does not intent to duplicate them,
and the reader is advised to refer to them when necessary.

Table 1: A conceptualized climatic-conscious urban design methodology (Ali-Toudert and Ben-
salem 2001)

Concept Objectives Indicators Observations

Solar access Street profile H/W
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Nocturnal
cooling

street profile H/W

- The depth of a street canyon H/W depends on the
solar orientation: E-W allows better penetration of
the solar radiation in the canyon volume. N-S
streets are more or less exposed around noon de-
pending on H/W.

- The choice of a symmetrical or asymmetrical
street profile depends on the orientation / sun.

- Distinction between street level and building level
according to indoor or outdoor issues.
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Reflection of the
solar radiation

Plan density (roof
surface / total sur-
face)
H/W (secondary)

- The higher the plan density the larger the urban
reflectance, e.g. the compact desert cities.

- The street profile has a secondary effect/ Deep
streets catch more irradiation, and hence heat.

Urban ventila-
tion (outdoors)

Dilution of
pollutants

Plan density
Spacing between
buildings (H/W,
H/L)
Wind incidence
angle

U
rb

an
po

ro
si

ty

W
in

d
co

nt
ro

l

Indoor ventila-
tion potential

see outdoor ventila-
tion
+ building geometry

- Large spacing between buildings promotes urban
ventilation.

- The transversal H/W (perpendicular incidence) is
decisive in the flow regime: isolated, interfering or
skimming flow.

- Oblique direction improves the wind flow in the
urban fabric and offers the best potential for in-
door ventilation (high pressure differences).

- Indoor ventilation depends strongly on outdoor
ventilation

- Shallow building geometries allow good cross
ventilation and buildings with atrium are preferred
to patio building in case of compact forms (venti-
lation through roof under negative pressure)
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To determine the orien-
tation of the urban
street network accord-
ing to a compromise
between sun and wind
orientation

Orientation / sun
Orientation / wind

- Solar orientation is more coercive than orientation
/ wind and might be more decisive.

- The optimal oblique wind incidence depends on
the geometry of the open space( mean value: 30°)

- The street network orientation must take into
account the major climatic design recommenda-
tions (solar access or ventilation)
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To evaluate the “cli-
matic” performance of
the building (energy
efficiency, comfort
issues, etc.)
To evaluate the inci-
dence of architectural
choice on urban fabric

Geometry of the
building: H, W, L
Surface to volume
ratio: S/V

- The larger S/V the smaller the compacity of the
building and the larger the exposure of the build-
ing to the external environment (passive areas vs.
active areas)

- A building geometry determines the urban fabric
typology and hence influences the openness to the
sky, urban porosity and directionality.

L
an

ds
ca

pe

To ameliorate the
urban microclimate
through shading,
evapo-transpiration and
wind break

Location of the
green: trees, bushes,
etc.
Specie of the tree,
density, form, Size,
etc.

- These strategies are complementary to the geomet-
rical choices

- The vegetation must keep solar access and ventila-
tion when necessary.

H: Height, W: Width, L: Length



2 METHODS

An extensive literature review on the effects of urban geometry on the microclimate was carried
out as theoretical background (Ali-Toudert 2005). The methodology was mainly based on nu-
merical modelling at a microscale level (Ali-Toudert and Mayer 2006, Ali-Toudert and Mayer
2007a). The simulations results were supplemented by two short-term on-site measurements
under typical hot summers: i) the subtropical location of Ghardaia, Algeria (Ali-Toudert et al
2005) and ii) in the mid-latitude location of Freiburg, Germany (Ali-Toudert and Mayer 2007b).
A human-biometeorological method for the assessment of the thermal comfort was used, and
expressed by the energy-based index Physiologically Equivalent Temperature PET (Figure 1).

(a)

(b)
Figure 1: (a) The components of the human heat balance (Houghton 1985) and (b) a scheme of
the calculation terms of the Physiologically Equivalent Temperature PET.

3 RESULTS

1.1 Outdoor thermal comfort

In short, the main findings are as follows (see references cited above for details):
1. Air temperature Ta was found to decrease moderately with the increase of H/W. The

warming rate of the canyon air follows the irradiances patterns of the canyon facets. As a
relatively inert quantity in relation to urban geometry variations, Ta can only be consid-
ered as secondary indicator for thermal comfort outdoors.



2. The simulations showed that the thermal comfort is difficult to reach passively in a sub-
tropical hot-dry climate. The duration and period of day of extreme heat stress, as well as
the spatial distribution of PET across the canyon depend strongly on aspect ratio and
street orientation. Wide streets (H/W 1) are highly uncomfortable for both orientations.
Yet, N-S streets have some advantage over E-W streets as the thermal conditions at their
edges along the walls are thermally less stressful. Increasing the aspect ratio improves the
thermal comfort for both E-W and N-S orientations, but the N-S orientation still offers
better thermal situation. For shallow canyons, implementing shading strategies at street
level (galleries, trees, etc.) is the only way to improve substantially the thermal comfort.

3. The differentiated thermal situation observed across the street (centre and edges) is also
worthy of note since this will directly influence the design choices in relation to street
use, e.g. streets exclusively planned for pedestrians or including motor traffic, and also in-
fluence the time of frequentation of urban spaces.

4. These results also confirmed the dominant role of the sun exposure, i.e. the radiation
fluxes expressed by the mean radiant temperature Tmrt under summer conditions. The heat
gained by a standing person outdoors depends strongly on the exposure to direct solar ra-
diation of:
- the body itself, given by the projection factor fp and solar intensity G.
- the surrounding surfaces, which provide additional radiant heat to the body.

5. The maximal amount of heat gain estimated for a pedestrian is recorded for irradiated lo-
cations, especially in the early morning and late afternoon, because of the high value of
the projection factor fp as the sun position is relatively low, leading to a large amount of
direct solar radiation absorbed by a standing person. This thermal stress is amplified
when the air temperature reaches its maximum, typically in the afternoon. Moreover, the
standing person absorbs more energy as long-wave irradiance than shortwave irradiance:
as a first approximation from measurements about 70 % against 30% in an E-W street
with H/W = 1. A strong correlation was found between the total long-wave irradiance
absorbed by a standing person and the long-wave irradiation emitted by nearby sunlit sur-
faces and confirms that the ground surface is particularly important as suggested by Wat-
son and Johnson (1988).

6. Hence, shading is the main strategy for keeping the street area in comfort range because
of shading the person itself as well as because it keeps the surrounding surfaces cooler.
This was confirmed by simulations as well as by experiments.

7. Using galleries revealed to be beneficial for mitigating thermal stress. This is due to the
reduced direct solar radiation received by a human body and to less long-wave irradiation
emitted by the surrounding surfaces, in particular the ground. However, discomfort can
shortly extend under galleries when the sun is low and reaches the pedestrian and the
ground surface. This is more marked for wide canyons and depends on street orientation
and gallery’s dimensions, i.e. height and width.

8. The asymmetry, as expected, increased the sun exposure of the street in comparison to a
symmetrical canyon and hence the thermal stress. Yet, the asymmetrical profile investi-
gated (H1/W = 2, H2/W = 1) showed a better thermal situation than a symmetrical street
with H/W = 1 in the morning and late afternoon and a trend to cool faster than a canyon
with H/W = 2.

9. Overhanging façades as horizontal shading devices (can also be balconies) help to in-
crease substantially the area and duration of shade at street level and reduce further the
heat stress. This design solution is advisable for ensuring more shading at street level in
the summer and more internal solar access in the winter. Moreover, these “self-shading”
façades are expected to reduce the overheating of indoor spaces.

10. The use of a row of trees improves the thermal comfort situation within the canyon,
mostly because the direct solar radiation under the tree crowns is strongly decreased. The
air temperature Ta in presence of trees is also decreased (by about 1.5 K), That is more
than by increasing the aspect ratio. So, here again, shading is the main property of the



vegetation that leads to heat stress mitigation. However, almost no extent of these advan-
tages could be observed in the surrounding space.

1.2 Street design guidelines : a few examples

Shading is the key strategy for promoting comfort in hot-dry climate because it leads to a reduc-
tion of i) the direct solar radiation absorbed by a pedestrian, ii) the heat released by the sur-
roundings, in particular the ground, and iii) the air temperature as a secondary effect.
Manifold design possibilities based on promoting shade can be suggested for controlling the
microclimate, and hence, the human comfort outdoors: i) a judicious combination of aspect
ratios and orientation, ii) by arranging galleries, planting trees, greening the façades or by using
other shading devices on the walls and over ground surfaces.
The examples below seek to illustrate realistic situations and support the following discussion.
Although, the reference study was mostly completed for a subtropical location with extreme
hot-dry climate for summer conditions, it is believed that the design recommendations discussed
here can be as efficient as for transitional seasons and also applicable to less extreme climates
such as mid-latitudes with typical hot summers (e.g. Freiburg). The Mediterranean basin, for
instance, experiences to a large extent similar irradiation potentials in the hot season (see Arn-
field 1990). Obviously, adjustments related to sun course geometry (zenith and azimuth angles)
accounting for latitude differences have to be considered (Arnfield 1990).
Designing an urban street is primarily conditioned by:
1. Street utility: including the structural role of the street in the whole urban plan, implying

scale (i.e. absolute dimensions: width and height), activity, and use (pedestrian streets or in-
cluding motor traffic). This has a direct impact on the period of time at which comfort is es-
sential (frequentation time by people) and also the area of the street where comfort is at
most required (whole area, street edges versus centre, etc.).

2. Building use: domestic (housing) or non-domestic (offices, schools, etc.). Domestic build-
ings are concerned with comfort the day round and require passive solar gains. South,
south-east or east exposures of the façades are the most suitable. In non-domestic buildings,
comfort is mostly crucial during the daytime where day-lighting is the main concern. The
potential of natural light is almost equal for all solar orientations and is much more sensitive
to the sky view, i.e. aspect ratio.

Usually, the street orientation is chosen first and the aspect ratio is set according to the orienta-
tion. The street orientation, if not already determined by non-climatic arguments (site con-
straints, surrounding built environment, regulations, etc.) should take into account the needs for
solar energy inside the buildings and as much as possible pay attention to the dominant wind
directions for promoting ventilation or protecting from cold winds. An E-W orientation is well
known to be preferable if solar gains have to be maximized. Intermediate orientations are less
optimal but still provide a good potential of sunlight and daylight. N-S orientation is appropriate
for daylight issues but requires a good protection of the façades from the sun in the summer.
As a first rule of thumb, the urban canyon can be divided into two parts: i) street level and ii)
building part (Figure 2), which refer to outdoor and indoor issues, respectively. The street area
is in turn subdivided into 3 sub-spaces: the central part, the edges and possible extensions in the
building basement in form of galleries.
Given that the passive solar gains are needed only in the upper building part, then, the “effec-
tive” aspect ratios for the façades (expressed by 1 and 2) are less restrictive than the absolute
aspect ratios, applicable for the street area (1 and2). Secondly, it is advisable to offer a diver-
sity of arrangements at street level in order to increase the probability for a sustained frequenta-
tion of an outdoor space. Published results put forward the necessity of differentiating between
wide and deep streets (H/W 1 versus H/W 1) as a first approximation.



Wide streets allow a good solar access in the winter but are highly uncomfortable in the summer
at street level. Detail arrangements are thus required. Deep streets are better protected in the
summer but do not support winter issues.
Figure 3a shows a typical wide street flanked by 2 rows of trees on both sides, either oriented N-
S. Large and high trees act for shading on the lateral sides while the central part is foreseen for
motor traffic and kept untreated. In case of E-W orientation, adding galleries is advisable. De-
ciduous species with sufficient distance from the south wall avoid the obstruction of desirable
solar gains in the winter.
Figure 3b shows another example of a wide street canyon of H/W = 0.6. The street is E-W ori-
ented and allows optimal internal solar gains on the south façade. In this case, the largest part of
the street would be highly uncomfortable if no shading strategies are planned.
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Figure 2: Scheme on the subdivision of a street canyon volume according to climatic design
needs

The street area is divided in sub-spaces consisting of pedestrian areas and motor traffic areas.
Pedestrian areas are placed on the southern half part of the street, arranged under galleries or
protected by vegetation. Trees are planned so that they maximize shade through their large
crowns and high size. At the same time they are at some distance from the south facade to pre-
vent overshadowing in the winter. Trees are preferably deciduous in order to save solar access
indoors in winter and for people sitting outdoors in the winter.
Motor traffic is also located on the north side on the potentially less comfortable location. On
the south side a deciduous tree can be added to prevent from overheat in the early morning and
late afternoon in the summer season if required by the activity taking place at that part of the
canyon. The relatively large aspect ratio promotes a rapid nocturnal cooling.
Figure 3c shows an example of higher aspect ratio with an asymmetrical geometry especially
advisable when high plan density is required. The walls have to face the sun, i.e. street axis pre-
ferably oriented E-W, NE-SW or NW-SE. The flanking buildings have different heights. The
wall facing the sun predominates with a large openness to sky of the building part promoted by
the lower height of the opposite building.

At street level, horizontal overhangs, e.g. in form of galleries and trees are planned to keep the
whole space comfortable since exclusively foreseen for pedestrian use. Moreover, a special
attention has to be given to the surfaces themselves. Ground pavements should be preferably of
light colour, porous and/or of thin layer materials to keep lower surface temperatures. Pave-
ments mixed to green surfaces for promoting evaporation from underground are also advisable
(Asaeda et al 1996, Ca et al. 1998), especially in latitudes where summers are not dry. Building
materials also play a role: High thermal capacity and high albedos help to reduce the surface
temperatures further and thus the heat released (Rosenfeld et al. 1995).

An urban structure composed of small size buildings and possibly staggered in a checker-board
pattern, may be preferred, as this promotes a much uniform wind flow and eliminate stagnant air
zones. Since ventilation is strongly reduced even for wide canyons in case of perpendicular



flow, it is suggested that buildings of medium height with moderate aspect ratios provide better
ventilation than low-rise buildings with small aspect ratios, due to stronger convergent flow
from the sides and higher wind speeds. An oblique incidence of wind (see Freiburger’s canyon)
offers good ventilation potential at street level.

(a)

(b)

(c)
Figure 3: Some examples of urban streets (a) a wide canyon combining motor traffic and pedes-
trian areas protected by deciduous trees. (b) a wide street canyon oriented E-W, combining com-
fortable pedestrian zones and motor traffic. (c) an asymmetrical canyon combining summer
comfort at street level, winter solar access and high density.

4 CONCLUSION

A number of interesting questions arise in the course of this study:
1. More field measurements are required for validating numerical results, from which the ef-

fects of the urban parameters investigated in this study, i.e. aspect ratio, orientation, vegeta-
tion, galleries and self-shading façades. This is particularly sensible for a better estimation
of the energy gained by a human body (and consequently Tmrt), which can improve model-
ling parameterisations.

2. To extend the study to night-time situation by investigating the effects of urban geometry on
the nocturnal cooling (of the street and buildings).

3. Human comfort is a multifaceted issue which combines physical, physiological and psycho-
logical dimensions. Yet, important methodological differences in assessing comfort were



observed. It is still difficult to interpret the actual human thermal sensation from the cur-
rently used thermal indices. Complementing energy-based methods with adaptive methods
(social survey’s) is necessary as a next research stage for a better understanding of human
comfort and eventually setting a universally applicable tool for comfort evaluation.

4. More connection between architectural and urban scale is highly advisable, since urban
buildings are in the practice primarily conceived to cope with indoor comfort. Developing
microscale numerical tools which assess simultaneously the effects of urban geometry on
outdoor and indoor climate (i.e. energy efficiency of buildings) is a promising alternative.

5. The outdoor thermal comfort is one but important issue in a sustainable urban design. Fur-
ther aspects including health and well-being issues, energy and resource savings, reduction
of environmental loadings, etc. are required to build a comprehensive sustainable urban de-
sign method. This latter topic is handled in another contribution to this conference.
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