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Abstract. The interrelations between microclimatic conditions and urban morphology determine the
comfort of pedestrians in a city. This work evaluates the wind comfort, based on international criteria,
in a 1.1 km long avenue. For this purpose the CFD model Fluent was applied. 3D virtual simulation domain
was constructed from GIS file of the area using a CAD tool. Results show a very complex wind flow in this
urban canyon, as a result of its architectural characteristics and relative wind direction. The orientation of
the canyon relative to the prevailing wind direction, its configuration (namely its aspect ratio), the presence
of tall buildings in the edge of the avenue, and the absence of trees, induce a swirling flow that increases
in speed along its length, as a typical channelling effect. As a consequence, comfort conditions are very
distinct in the different sections of the avenue. Based on this work, the areas that do not meet the comfort
criterion were identified, supporting the implementation of adequate mitigation measures (as natural or
artificial windbreakers).

1. INTRODUCTION
The interrelations between the microclimatic characteristics of a given area and the urban morphology
determine the comfort of pedestrians. This aspect is particularly relevant in the definition of recreation
areas for public use. In order to classify the usability of an urban space for outdoor activities several
criteria for human comfort, relative to the intensity of the wind, were developed. Some of these
guidelines take into account not only the wind velocity, but also the frequency of occurrence and the
level of turbulence (e.g., [1]).
Within this framework, the objective of this work is to evaluate the wind comfort conditions, based
on certified international criteria, in an avenue of the Portuguese city of Aveiro. This city is distinguished
by its strong touristic identity, which is brought by its natural and made-made heritage, namely its
lagoon and canals and the Art-Nouveau buildings. However, its location on the western coastline and
its topographic features induce the frequent occurrence of strong winds that affect the comfort of those
who enjoy the city’s public spaces, in particular its main avenue: “Lourenço Peixinho” that connects the
railway station with the centre. The goal is thus to evaluate how the climate of the region, associated
with the geometrical characteristics of buildings, may affect the use of the outdoor space for leisure.
This is particularly relevant due to the fact that a plan for the plantation of trees (that will substitute the
old ones that were cut due to disease) is under discussion, stressing the need to identify the spots in the
avenue where the requirements for human comfort are not guaranteed.
The work can be structured in three main components:
– Statistical analysis of a time series of measured meteorological data;
– Micro-scale simulation of the 3D behavior of the wind flow in the avenue applying a high detail
numerical model;
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Figure 1. Virtual Avenue generated using CAD pre-processor Gambit.

– Assessment of the human comfort in the avenue based on the requirements established by a
specific wind comfort criterion.
2. CFD SIMULATION OF 3D WIND BEHAVIOR
The numerical tool used was the Computational Fluid Dynamics (CFD) model Fluent®, which we have
been applying in the simulation of urban air quality [2–5].
2.1 Computational domain
The study domain (see figure 1) was virtually defined using Fluent’s CAD preprocessor Gambit. 3D
coordinates were extracted from the city’s GIS data.
The built-up area defined in the model covers 25 ha (1100 m × 230 m). In order to create the
conditions for the fully development of the atmospheric boundary layer the total area of the domain
reaches the 131 ha, following the guidelines from COST 732 [6]. An unstructured meshing scheme
(TGrid type) was used for discretizing the domain in more than 4 million computational cells. This
method is indicated for meshing complex geometries.
2.2 Input meteorological data
Typical meteorological conditions were driven from the analysis of weather observations in Aveiro
acquired in the period from 2005 to 2009. The statistical analysis of measured data is shown in the
wind rose of figure 2. Because the objective of this work is to evaluate the outdoor use of the avenue
only the winter months were considered, during the night period. It can be concluded that the North and
Northwest winds represent approximately 50% of the time, under these circumstances.
From this analysis, 13 typical meteorological situations (see the table in figure 2) can be defined
by the combination of distinct values of wind velocity and direction. Excluding the periods with no
data available, these 13 cases represent 83% of the time, which gives a good representativeness of the
atmospheric dynamics in this area.
2.3 Modeling results
Modeling results reveal a highly complex flow (see figure 3) that is induced by the aerodynamic effects
of buildings and some isolated trees, as also by the incoming flow from the secondary streets, which
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Figure 2. Wind rose for Aveiro city and case studies definition.
Windvelocity (m/s)

Figure 3. Visualization of wind flow path lines, as an example for case 11 (see the table in figure 2).

lead to the formation of vortices of variable magnitude and impact. A behavior that was common to all
the cases simulated was the acceleration of wind along the avenue, with the higher speeds attained in
section 3.
It’s in section 1 that the flow assumes the higher complexity, resulting from the formation of a
spiraling flow that is induced by the blocking effect of the taller buildings and the strong updrafts that
occur especially in this area (see figure 4).
The vertical component of the flow is represented in figure 5, as an example for case 7 (see the
table in figure 2), showing an upward flux (red colored) close to the buildings on the North side of the
avenue, which is compensated by a lighter downward flow (green colored) on the opposite side. This is
the typical behavior of the wind flow in an urban canyon when the incoming wind is not aligned with
the main axis of the road.
3. ANALYSIS OF THE HUMAN COMFORT IN THE AVENUE
For the classification of the adequacy of the avenue for pedestrian use the criterion developed by
Willemsen and Wisse [7] has been applied, which results from a multidisciplinary effort of different
experts, in particular architects and engineers, and constitutes the guideline currently applied in
The Netherlands. This criterion identifies average wind velocities and corresponding frequencies of
occurrence for three distinct activities: traversing, strolling and sitting (see table 1). A wind velocity of
5 m.s−1 is considered as the threshold for the referred pedestrian activities.
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Figure 4. Zoom in over section 1 of the avenue.

Figure 5. Top view of the vertical component of wind velocity at 1.5 m high, as an example for case 7 (see the
table in figure 2). Buildings are shown in black.
Table 1. Wind comfort criteria for different pedestrian activities [7].

Frequency of occurrence (vel.>5m.s−1 ) (%)
<2.5
2.5–5
5–10
10–20
>20

Traversing
Good
Good
Good
Moderate
Poor

Strolling
good
good
moderate
poor
poor

Sitting
good
moderate
poor
poor
poor

Based on the 3D spatial distribution of wind speed in the avenue for typical meteorological
conditions (section 2) the human comfort can be evaluated by the crosswalk with the time frequency
of each case study and the comparison with the information shown in table 1. Figure 6 presents the
cases in which the threshold wind velocity of 5 m.s−1 is exceed. It should be noted that only for cases 12
and 13 (see the table in figure 2) this threshold is exceeded in section 1, which has the highest potential
in terms of touristic attractions.
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Figure 6. Identification of the study cases in which the wind speed surpasses the threshold of 5 m.s−1 (at 1.5 m
high) established by the comfort criterion. Buildings are represented in white.
Table 2. Frequency of occurrence of wind speeds exceeding the threshold limit of 5m.s−1 in the identified sections
of the avenue.

Frequency of occurrence (vel. >5m.s−1 ) (%)

section 1
0.5

section 2
25.9

section 3
40.1

Based on the outputs from the simulations and according to the comfort criterion adopted the time
fractions in which the wind speed exceeds the threshold of 5 m.s−1 were calculated for the three sections
of the avenue. The results from this analysis are presented in table 2.
The analysis of results reveals very distinct micrometeorological conditions in the three sections
considered in the avenue. While section 1 fulfils the criteria in the majority of time, section 3 is classified
as inadequate for traversing, strolling or sitting.
4. FINAL CONCLUSIONS
This modeling study aims to contribute to a better understanding of the impact of microscale atmospheric wind flow over the comfort of pedestrians in a 1.1 km long avenue. Results
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highlight the strong complexity of the flow in this urban canyon, as a result of its architectural
characteristics.
The orientation of the canyon relative to the prevailing wind direction, its configuration (namely its
aspect ratio), the presence of tall buildings in the edge of the avenue, and the absence of trees, induce
a swirling flow that increases in speed along its length, following a typical channeling effect. As a
consequence, comfort conditions are very distinct in the different sections of the avenue.
Some of the areas that do not meet the comfort criterion adopted in this study offer a set of features,
especially in terms of available space, which may enhance the assessment and implementation of
measures intended to mitigate the wind speed, namely, through the installation of natural or artificial
windbreakers, as trees, shrubs, outdoors or fences in strategic locations. Such an evaluation should
be performed on a subsequent CFD modeling study, aimed at the optimization of outdoor comfort
conditions.
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