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Abstract: Coastal cities in the Mediterranean region have cool sea breezes that
can reduce the effects of global warming, urban heat islands (UHI), and air
pollution. However, in many coastal cities, impermeable urban seafront
buildings prevent cool sea breezes from penetrating the city while at the same
time posing a risk of pedestrian wind discomfort. This study aims to design
wind-adaptive urban seafront buildings that improve urban ventilation
and pedestrian wind comfort in Izmir, a high-density Mediterranean city,
using the parametric design and computational fluid dynamics (CFD)
method. Alternative seafront buildings consisting of two-rows and shifted
configurations were designed using the two proposed urban geometric
indicators. The authors found that the denser and more compact seafront
building configuration can prevent the risk of wind discomfort and achieves the
highest ventilation efficiency (82%). The findings apply to similar coastal
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1 Introduction

Urban areas suffer from urban heat island (UHI) effects and air pollution due to global
warming and heavy urbanisation. However, wind flow can mitigate the impact of global
warming and heavy urbanisation as it regulates urban temperature and reduces the
intensity of the UHI effect (He et al., 2020). In particular, cool winds from the sea can
play a pivotal role in reducing the stagnated heat in urban areas. In addition, wind flow
also can promote urban air quality. For example, during the development of the
COVID-19 pandemic, a higher number of COVID-19 cases were reported in cities with a
low average wind flow velocity (Coccia, 2020).

In addition to its positive effects, wind flow can cause adverse effects on urban
environments. Many coastal cities, in particular, are exposed to strong winds and,
therefore, suffer from pedestrian wind discomfort risk (Johansson and Yahia, 2020).
Furthermore, along with the strength of the wind, the size and shape of the buildings
cause the risk of pedestrian wind discomfort.

Numerous studies investigated the effect of urban geometry on pedestrian wind
comfort and urban ventilation. Reiter (2010) examined the impact of building dimensions
on wind speed conditions using a parametric approach and found that wind discomfort
risk was susceptible to building dimensions (height, width). In general, higher building
density causes lower wind speed; however, larger passage width (Hu and Yoshie, 2013)
provides more air circulation. On the other hand, the grid-aligned building configuration
has higher ventilation efficiency than the shifted building configuration (Brown and
DeKay, 2001).

Earlier studies confirm that large passages, low building density, and grid-aligned
building configurations increase air circulation. However, narrow passages reduce air
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circulation and increase the risk of pedestrian wind discomfort. In general, urban density
and compactness generally contradict urban ventilation. Therefore, a compromise is
needed between urban ventilation and pedestrian wind comfort requirements in the
context of today’s sustainable city approach, which requires a high level of urban
density/compactness.

Many cities suffer from inadequate ventilation and pedestrian wind discomfort risk.
However, urban policymakers only require pedestrian wind comfort assessments around
new buildings. Therefore there is a need for a multi-objective urban planning strategy that
requires ventilation and pedestrian wind comfort criteria. That is especially necessary for
Mediterranean coastal cities. The city of Izmir (Turkey), in the Mediterranean climate, is
one of them.

This study focuses on wind adaptation of seafront buildings in Mediterranean coastal
cities where ventilation and pedestrian wind comfort requirements are most needed. The
city of Izmir, Turkey, and, more specifically, Alsancak neighbourhood were chosen as
the study area. There are many reasons for this. Izmir is under the influence of the cool
sea breezes (Imbat) blowing from the Izmir Gulf [Figure 1(a)]. However, the city suffers
from the UHI effect, air pollution, and pedestrian wind discomfort risk due to the
inability of the built environment, especially the seafront buildings, to adapt to sea
breezes. Especially the Alsancak neighbourhood [Figure 1(b)] is not suitable for
bioclimatic comfort and has high air pollution values. In addition, passages directly
exposed to sea breezes on the Alsancak coastline are at risk of pedestrian wind
discomfort due to the large masses of seafront buildings.

Figure 1 (a) Plan view of Izmir (b) Plan view of Alsancak neighbourhood (see online version
for colours)
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Note: The yellow line represents the existing, linear seafront buildings.
Source: Adapted from Google Earth

The existing seafront buildings on the Alsancak coastline are located in the first row,
where the wind interacts with the urban fabric [Figure 1(b)]. However, due to their less
porous structure, they form an wurban wall effect and reduce the natural ventilation
potential of the city by preventing sea breezes. Thus, heat and polluted air accumulate in
the low-rise urban areas behind the seafront buildings, resulting in poor air quality and
thermal discomfort.
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Site-specific urban environmental problems in Alsancak neighbourhood show that
seafront buildings should be in a form that will allow the wind to enter the city while
preventing the acceleration of the wind flow at the wind entrance passages. This
argument shapes the objective of this study. In this context, this study aims to create an
alternative design of wind-adaptive urban seafront buildings to improve urban ventilation
and reduce the risk of pedestrian wind discomfort on the Alsancak coastline. However,
the objective is not to derive site-specific wind solutions acting only in the city of Izmir.
On the contrary, it aims to develop solutions in a generalisable and transferable format to
other cities. Therefore, the overarching research question is: How can seafront buildings
be designed to provide urban ventilation and pedestrian wind comfort in mid-rise,
high-density, and compact Mediterranean cities?

Urban spatial planning studies can be performed at different scales. This study
focuses on the seafront buildings at the urban block scale. The main reason is that the
seafront buildings on the Alsancak coastline need more rehabilitation as they are denser
and less porous than the inner urban areas. Also, unlike internal urban areas that usually
only need ventilation due to the high density, this area needs both ventilation and
pedestrian wind comfort requirements. However, considering the importance of
ventilating inner urban areas with the sea breeze, the block configuration study that
allows the wind effects to penetrate deep into the city will be helpful for future studies.

The present study focuses only on the sea breeze and is performed based on the
site-specific conditions: the direction of the sea breeze is normal to the frontal fagade of
the buildings on the Alsancak coastline. Although this assumption is present in many
coastlines of Izmir and other seafront cities, the results of this study should be applied
only to urban areas where the wind direction is normal to the frontal fagade and that are
located in the Mediterranean climate.

The main contribution of this study is to determine the best possible seafront building
configuration achieving the minimum wind discomfort risk and the maximum ventilation
efficiency in the Mediterranean climate using the parametric design method coupled with
CFD simulations. This study is expected to benefit many stakeholders. First, it will assist
urban policymakers in creating wind-adaptive urban spatial planning policies in coastal
urban areas. Second, it will help architects and city planners at the early design stage of
the wind-adaptive building-mass design process.

Based on the above discussions, the study is structured as follows. Section 2 presents
the methodology, including a description of the proposed seafront building configurations
and urban geometric indicators, and then details the computational setup for
computational fluid dynamics (CFD) simulations. Section 3 evaluates the risk of wind
discomfort and ventilation efficiency of the proposed design configurations. Section 4
discusses the findings considering similar studies, and Section 5 presents the main results.

2 Methodology

This study develops a methodology that integrates the CFD method with the parametric
design method. CFD method provides the performance evaluation of proposed seafront
building configurations. The process between parametric design and the CFD method is
based on the iterative approach. It continues until the best possible urban seafront
building configuration is morphologically suitable for the given site conditions and
provides the best performance for urban ventilation and pedestrian wind comfort.
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The parametric design method begins with an extensive literature review evaluating
the wind-related urban environmental problems and current design knowledge for wind
adaptation of buildings. Then, urban geometric indicators and climate-based wind speed
thresholds are determined by considering site-specific climatic conditions and urban
context. Finally, parametric seafront building configurations are created and tested with
CFD simulations. The CFD method was specifically chosen as it allows for rapid testing
of parametric design variations and visualisation of the entire flow field.

2.1 Climatic considerations

The city of Izmir is located on the west coast of Turkey at 38.42°N latitude and 27.14°E
longitude. The climate of Izmir is a typical Mediterranean climate, with hot and dry
summers and wet and mild winters. According to the TSMS (2018), the average
temperature is 10.7 °C in winter and 27.7°C in summer.

The city is under the influence of Imbat, which is a local sea breeze. Considering the
climate and environmental problems of Izmir, the sea breeze is unique and of high quality
compared to other winds in many ways. Since its origin is the sea, the sea breeze carries
the clean and cool air mass. It is regular as it depends on the temperature difference
between the sea and the land. It is faster in summer and weaker in winter. These features
are desirable to reduce excessive city temperature in summer and ventilate the city with
fresh air. According to the Pasaport meteorological station (TSMS), which is the closest
station to the Alsancak neighbourhood [Figure 1(b)], the average annual wind speed
(z=10 m) is 3.4 m/s in winter and 4.2 m/s in summer. The direction of the sea breeze is
North-Northwest, and its average annual speed is 3.64 m/s (z= 10 m).

2.2 Design of urban seafront buildings

2.2.1 Determination of climate-based target design wind speed thresholds

This study has multi-objective and needs a multi-criteria evaluation. For this reason, the
upper and lower target wind speed thresholds for each objective should be determined
and then optimised. Alsancak neighbourhood is the city’s recreation area and contains
many restaurants and cafes. Isyumon and Davenport (1975) recommend that the wind
speed threshold for long-term seating on restaurant terraces should be below 3.6 m/s. On
the other hand, when the wind speed is above the light breeze conditions (V> 3.3 m/s),
the hair is disturbed, clothes are flapped, and the newspaper becomes hard to read
according to the Beaufort scale. Accordingly, in terms of pedestrian wind comfort, the
upper wind speed threshold for the long-term seating area was determined as 3.3 m/s, and
gentle breeze conditions (3.4-5.4 m/s) are accepted in the walking area.

High wind speed can reduce the urban temperature (He et al., 2020). Ng (2009) stated
that a light breeze of 1.0 to 1.5 m/s can provide thermal comfort for the person standing
under shade when the temperature is 28°C in Hong Kong. The average temperature in
Izmir in summer is 27.7°C, and therefore, at least a wind speed of 1.0 m/s is necessary to
avoid thermal discomfort in summer.

High wind speed can improve urban ventilation, and a wind speed of at least 1.0 m/s
is recommended as a standard for urban air pollution diffusion (Xu and Xu, 2020).
Accordingly, 1.0 m/s was determined as the lower wind speed at pedestrian level
(z =2 m) for urban ventilation.
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After separately evaluating the required wind speed thresholds for pollutant dilution,
pedestrian thermal comfort, and pedestrian wind comfort, we optimised the target lower
and upper design wind speed thresholds between 1.0 m/s and 3.3 m/s. The minimum
wind speed threshold is 1.0 m/s in terms of pollutant dilution and pedestrian thermal
comfort, and the maximum wind speed threshold is 3.3 m/s in terms of pedestrian wind
comfort. Thus, we achieved a compromise between conflicting design wind speed
requirements. In this context, the design aims to avoid two wind conditions:

1 stagnant wind flow conditions: V' < 1.0 m/s
2 windy conditions: V> 3.3 m/s.

According to the power law, the average annual wind speed of the sea breeze is 3.64 m/s
(z=10 m), and this corresponds to 2.96 m/s at pedestrian level (z= 2 m). Therefore if the
wind flow acceleration caused by the buildings is limited to a maximum of 12%, it is
possible to provide the target upper wind speed threshold.

2.2.2 Description of urban seafront building configurations

The strategy in the design is to maximise urban ventilation efficiency and minimise the
risk of wind discomfort. In this context, two requirements were taken into account when
determining the size of the buildings:

1 Wind discomfort risk and urban ventilation efficiency: Large building width can
increase the risk of wind discomfort (Reiter, 2010) and cause stagnant wind flow
areas behind it. Therefore, large building widths should be avoided.

2 Cross-ventilation of buildings: A shallow building form with the building length kept
as short as possible is desirable for better indoor ventilation in the Mediterranean
climate.

We optimised these two requirements and proposed two rows of seafront buildings. The
width and length of the buildings are 20 m and 10 m in the first row (Figure 2), and the
height of the buildings is 25 m, representing mid-rise buildings in Izmir and many dense
European cities. In addition, the street width between the first-row buildings is 10 m to
allow walking and long-term seating activities.

The second-row buildings were designed with a parametric approach. First, we
created five urban geometric indicators consisting of four separate (W, Sy, Sx, Sy) and
one interrelated (W/Sy1) where W is the width of the downwind buildings, Sy is the
passage width between upwind buildings, Sy, is the passage width between downwind
buildings, and S, is the actual passage width between upwind and downwind buildings
(Figure 2).

We determined five different building widths (W) consisting of 8, 12, 16, 20, and
24 m for the second-row buildings. These building widths correspond to aspect ratios
(WiSx1) of 0.8, 1.2, 1.6, 2.0, and 2.4, respectively, where S, is constant and 10 m.
Five aspect ratios were matched with five block spacing widths (S,) of 4, 5, 6, 8, and
10 m. Thus, 25 different hypothetical seafront building configurations were created.
Figure 3 shows the 3D view of the designed seafront building configurations. Depending
on the variables, there is a parametric relationship between the configurations. From left
to right, /S increases, and from top to bottom (S,) decreases.
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Figure 2 Description of the urban geometric indicators in plan view (see online version
for colours)
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Figure 3 3D view of twenty-five urban seafront building configurations (see online version
for colours)

This study focuses on dense and compact coastal urban areas; therefore, we determined
the density/compactness levels of urban seafront building configurations using the
standardised, climate-based classification of Stewart and Oke (2012). In this
classification system, the aspect ratio (mean height-to-width ratio of street canyons —
H/W) and the building surface fraction (BSF) (ratio of building plan area to total plan
area — %) are two fundamental indicators. For the compact-midrise category, the aspect
ratio (H/W) should be higher than 1, and the BSF should be between 40% and 70%
(Stewart and Oke, 2012). As street widths are variable in seafront building
configurations, aspect ratio and BSF change parametrically. In the first row, the aspect
ratio (H/Sx1) is constant and equals 2.5, which refers to a highly dense and compact type
of urban geometry. In the second row, the aspect ratio is variable for the x (H/Syx) and y
(H/Sy) directions. The BSF of the building configurations varies between 31% and 61%.
From left to right and from top to bottom, the density/compactness level of the seafront
building configurations increases.
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2.2.3  Evaluation of urban ventilation efficiency and pedestrian wind comfort

This study mainly aims at architects and city planners, so it is necessary to use a practical
quantitative evaluation parameter. Therefore, we used the widely accepted indicator of
wind velocity ratio (VR,,) to evaluate pedestrian-level urban ventilation efficiency. VR, is
the ratio of wind velocity at the pedestrian level to the free stream velocity of the
boundary layer (Giilten and Oztop, 2020).

VR, =V |V (1

where /' = mean wind velocity at the measuring point (z = 2 m) and V., = free stream
mean wind velocity. The higher the VR, value, the higher the urban ventilation
efficiency. We considered the free stream velocity (V) at 2 m height from the ground,
and we used the following equation [equation (2)] to evaluate the predictive ventilation
efficiency quantitatively:

Area of flow region (V [V, =0.34)

Area of total evaluation region

Ventilation efficieny (%) = x100% 2)

The wind velocity ratio (VR,) was also used to evaluate pedestrian wind comfort.
However, higher VR, values indicate a higher risk of pedestrian wind discomfort.

2.2.4 Distribution of measuring points

Pedestrian street use was taken into account when determining the location of the
measuring points. The street centre axis is used for pedestrian walking, and the 2.5 m
wide areas on both sides of the streets are used for long-term seating activities by
restaurants and cafes in Alsancak neighbourhood.

Potential locations of the high-speed regions were also considered in determining the
location of measuring points. Critical locations are the building corners and the passage
centre axis (PCA). The measuring points were located along the passage centre axis
representing the pedestrian walking area and the potential location of the double corner
effect. They were also located 1.25 metres from the buildings along the central axis of the
long-term seating area (SCA), representing the potential location of the corner effect. The
measuring points are in the same configuration in all three different passages.

2.3 CFD setup

The CFD setup was created using the best practice guidelines (BPGs) (Franke et al.,
2004, 2007), and the CFD results were validated with experimental data.

2.3.1 CFD validation

We used wind tunnel dataset files (Excel) provided by the working group of the AIJ
(2016) for CFD validation. The datasets file contains test results, inflow boundary
conditions, and measurement points. Datasets were generated in the 3 m wide, 1.8 m
high, and 22 m long wind tunnel at the Fujita Technology Center.

We used the sub-case (case 1 H) of configuration C proposed by AIJ (2016) for
validation. Case 1 H consists of nine uniform urban blocks in a grid-aligned
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configuration. The dimensions of the buildings (width: depth: height) and the passage
widths are 20 m. Wind velocity was measured at 2 m height from the ground.

2.3.1.1 Boundary conditions

The lateral and top size of the computational boundary is limited to wind tunnel sizes:
1.8 m (9 H) height and 3.0 m (15 H) width, where H is the building height. The wind
tunnel dimensions limit the distance between the tunnel boundary and the central area of
interest to 8 H (top) and 5 H (lateral). The inlet boundary is located at 10 H, and the
outflow boundary is located 15 H from the central area of interest (Franke et al., 2007).

The inlet wind velocity U (m/s) and the RMS value of velocity fluctuation o, (m/s)
for lower parts of the ABL (0—120 m) were provided from the experimental data, and the
turbulence kinetic energy k(z) was calculated using the RMS value of velocity
fluctuation:

k(z) = o2 (z) (3)

The turbulence dissipation (¢) was calculated from the relation Py = (¢) (Px: production
term for k equation):

&(z) = Pk(z) = C}* - k(2)-dU(z) / dz, where C, is the model constant (=0.09) (4)

In modelling the ground surface boundary conditions, the equivalent sand-grain
roughness height (k) was calculated using equation (5) (Blocken et al., 2007):

- 9.793:z,

Cs

ks ®)
where the value 9.793 is the empirical wall constant £ (—), and the value of 1.0 is the ¢,
(roughness constant).

The value of roughness length (zo) to be used in equation (5) was calculated using
equation (6):

Ury = 1 In (Zr_ejj 6)

ut ok Z,

where the von Karman constant (k) was taken as 0.41.
u" friction velocity at the height of z,.r (= 0.01 m) was calculated using the formula:

! 1
u' = Cik =0.0944/0.314 = 0307 m/s )

The value of zo was found to be 4.386 x 10~*. Using the z, value in equation (5), ks was
found 4.3 x 103 m on the experimental scale.

No-slip and smooth wall boundary conditions for building surfaces; and
slip/symmetrical wall boundary conditions for the lateral and upper boundaries were
imposed. In addition, zero static pressure was specified at the outlet boundary.
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2.3.1.2 Turbulence model

We used steady-state Reynolds-averaged Navier Stokes (RANS) equations to estimate
mean wind speed and an explicit turbulence model to calculate the effect of turbulence on
mean wind speed. We compared the standard k — ¢, realisable k£ — ¢, and Reynolds stress
model (RSM) under the same calculation conditions to find the most suitable turbulence
model. The flow was assumed to be turbulent and incompressible.

2.3.1.3 Grid generation

A grid independence test was conducted by considering three requirements. First, at least
ten grids should be used on one side of the building. Second, at least 2 or 3 grids should
be present at pedestrian level (0-2 m) (Franke et al., 2004). Third, the distance yp [the
centre point (P) of the first grid] should be greater than k; (Blocken et al., 2007). In this
context, the building with a side of 20 m should have a grid size of at most 2 m, and the
height of the first grid should be equal to or less than 1 m for pedestrian level assessment
at 2 m. Also, since k; is equal to 0.43 m, the height of the first grid should be greater than
0.86 m. However, it is difficult to provide three different grids that satisfy these
conditions. Therefore, we compared the grid sizes of 2 m (10 grids), 1.25 (16 grids) m,
and 1 m (20 grids). Among them, 1 m grid size satisfies the three requirements and
includes at least two grids at pedestrian level (0-2 m).

In the grid independence test, we used structured hexahedral cells and applied a local
grid refinement in the area of interest. For the 1 m grid test, the grid size is 1 m at the
central area of interest and gradually increases with distance from the central area of
interest, reaching a maximum of 8 m.

We used the linear pressure strain (RSM) turbulence model of STAR as the other
calculation settings. We applied a high y* (30 <y* < 150) wall treatment method, and we
also used fifteen boundary layer elements with a stretching ratio of 1.2 to resolve the
near-wall boundary layer. We used the segregated flow model of STAR based on the
SIMPLE algorithm.

The grid independence test shows that the 2 m grid does not fit the experiment results,
and the grid should be at least 1.25 m or less for better agreement with the experimental
results. However, we used the 1 m grid to meet all the requirements recommended by
BPGs.

Figure 4 Comparison of wind velocity ratios between experiment and CFD according to different
turbulence models (see online version for colours)
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We simulated configuration C (AlJ, 2016) for CFD validation, and we compared the
wind speed ratios (U/U,) with the experiment results (Figure 4). All turbulence models
underestimated the wind speed ratios in the low-speed region. But overall, RSM is more
accurate than other turbulence models. In the region where U/U,.r> 0.6, the percent error
is around 10.8% for RSM, while 21.4% and 26.5% for standard & — ¢ and realisable k — ¢,
respectively. All turbulence models accurately simulated the highest velocity region. In
the highest wind speed region where U/U,s > 1.0, we found the percent error of RSM,
standard k — ¢, and realisable k — ¢ are 12%, 12.2%, and 13.2%, respectively.

2.3.2 CFD setup for simulating urban seafront building configurations
2.3.2.1 Domain size

The domain size was calculated to avoid the blockage effect. We first determined the top
size as 8 H. Thus, keeping the blockage ratio below 3%, we set the lateral dimension as
12 H. In addition, we set the inlet and outflow boundaries from the central area of interest
as 10 H and 15 H, respectively (Franke et al., 2004).

2.3.2.2 Boundary conditions

The study area in Alsancak neighbourhood is near the sea, and there is a large and
low-grass covered area between the seafront buildings and the sea. The aerodynamic
roughness length (zo) of low-grass is 0.01, and the power-law exponent () for such a
terrain category is 0.13 (Burton et al., 2012).

Using the mean wind speed (U,.s) obtained from Pasaport/Izmir meteorological
station (TSMS) and power-law exponent () in a simple power-law equation, the vertical
wind velocity profile was generated for the study area.

We used the formula proposed by Richards and Hoxey (1993) to generate the
turbulence parameters in the type of & (turbulence kinetic energy) + ¢ (turbulence kinetic
energy dissipation):

U() =£1n+(z“gj ®)

2

k(z)=

€
Jon
*3

e(z) = (10)

k(z+zp)

where U. is the mean wind speed, u" is the ABL friction velocity, z is the height from the
ground, zy is the aerodynamic roughness length, « is the von Karman constant, & is the
turbulence kinetic energy, C, (= 0.09) is a model constant, and ¢ is the turbulence
dissipation rate.

The ground surface boundary condition was calculated using equation (5), and the
equivalent sand-grain roughness height (k) was found as 9.8 x 102 m. We applied
no-slip and smooth wall boundary conditions on building surfaces and slip/symmetrical
wall boundary conditions on the lateral and upper boundaries. Zero static pressure was
used at the outlet boundary.
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2.3.2.3 Other parameters

We retained the 1 m grid size and constructed the grid with structured hexahedral cells.
We used STAR’s RSM turbulence model in the simulations.

3 Results

The CFD simulations were performed, and the wind velocity ratio (VR,,) was measured in
three passages (passages 1, 2, and 3).

3.1 Wind discomfort assessment in passage 1

Passage 1 is located between upwind buildings, and maximum wind velocity ratios (VR,,)
range from 0.98 to 1.36 at PCA, [Figure 5(a)]. Six building configurations (conf. 19, 20,
21, 22, 23, 24, and 25) provide the upper wind speed thresholds (VR,, < 1.12). However,
the best wind climate is achieved by conf. 25 (W/S,i = 2.4, S, = 4 m). This configuration
completely prevents the wind discomfort risk (double corner effect) at PCA; and slows
down the wind flow by 2% (VR,, = 0.98). On the contrary, the worst wind climate with a
1.36 VR, is provided by conf. 1 (W/S,1 = 0.8, S, = 10 m).

Figure 5 Maximum wind velocity ratios (VRw) in the horizontal plane (z =2 m), (a) PCA,
(b) SCA| (see online version for colours)

16 5 13-

1.4 1.0 1

1.2

1.0 0.8 -
& 08 ;
SR E 0.6 -

0.6 1 0.4 -

0.4 4

0.2 - 0.2 1

0.0 0.0

0.8 1,2 1.6 2.0 2.4 0.8 1,2 1.6 2,0 2.4
WS, WS,
—&— Sy=4m —&— Sy=5m —— Sy=6m —&—Sy=4m —*— Sy=5m —&—Sy=6m
—+—Sy=8m —=— Sy=10m i ——Sy=8m —=— Sy=10m
(a) (b)

Note: Red dashed line corresponds to upper target wind speed threshold (VR\ =1.12).

We found two strong correlations: the first is between W/Sy, and VR,, and the second is
between S, and VR,,. Parametrically, as the aspect ratio of W/S,; increases, VR, decreases
at PCA;. On the contrary, as S, increases, VR, increases at PCA;. It should be
emphasised that S, is a more effective geometric indicator for reducing flow acceleration
at PCA, than W/Sxi. When S, is 4 m, all configurations meet the upper wind design
threshold (VR,, < 1.12) regardless of the W/S\..

Wind discomfort risk was also evaluated at SCA ;. The maximum wind velocity ratio
(VR,,) is lower at SCA; than at PCA, [Figure 5(b)]. The VR, at SCA; is below 1.12 in all
configurations, and therefore, all configurations are wind comfortable for the long-term
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seating activity. A higher W/S, ratio and lower S, provide lower V'R, at SCA,. The best
wind climate (VR,, = 0.82) is achieved by conf. 25.

3.2 Wind discomfort assessment in passage 2

Passage 2 is the wind exit passage between parallel downwind buildings. Maximum wind
velocity ratios (VR,,) range from 0.75 to 1.03 at PCA; and do not exceed the upper wind
speed threshold (VR,, < 1.12). Therefore, there is no wind discomfort risk at PCA; for all
configurations [Figure 6(a)].

Figure 6 Maximum wind velocity ratios (VRw) in the horizontal plane (z =2 m), (a) PCA2
(b) SCA: (see online version for colours)
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Although there is no direct correlation between S, and VR,, it does exist between W/S;
and VR,: as W/S, increases, so does VR,,. It should be noted that when W/S,; increases,
Sy decreases, and passage 2 becomes narrower. The Venturi effect can explain this
finding, which means that the wind speed in narrow passages will be higher than in wide
passages.

The maximum VR,, at SCA; is below the upper wind speed threshold (VR,, < 1.12) in
all configurations [Figure 6(b)]. However, VR, increases significantly when WS, is 2.4.
Conf. 5, 10, 15, 20, and 25 have the highest VR, value of 0.89 to 0.96. In these
configurations, passage width (Sy») decreases to 6 m, and the flow interaction developed
at PCA; interacts with the more stagnant flow region of SCA,. Thus, VR, at SCA»
significantly increases.

3.3 Wind discomfort assessment in passage 3

Passage 3 is the parallel passage to the wind flow direction and connects passages 1 and
2. Maximum wind velocity ratios (VR,) at PCA3 range from 0.61 to 0.99 [Figure 7(a)],
and all configurations provide the upper design wind speed threshold (VR,, < 1.12). There
is not a direct correlation between S, and VR,. However, in very narrow passages where
Sy is 4-5 m, VR,, is relatively higher.

In general, PCA; is wind comfortable, but local flow acceleration occurs at the corner
of downwind buildings (SCA3). At these locations, VR, can reach 1.26 when S, is 4 m
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[Figure 7(b)]. Local wind flow acceleration will be explained in detail in the following

subsection.

Figure 7 Maximum wind velocity ratios (VRw) in the horizontal plane (z =2 m), (a) PCA3
(b) SCA3 (see online version for colours)
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3.4 Ventilation efficiency assessment of seafront building configurations

In ventilation efficiency assessment, we found strong positive correlations between /S,
Sy, and VR,. In general, the increase of W/S:i and S, increases ventilation efficiency
(Figure 8). The ventilation efficiency of the building configurations ranges from 54% to
82% in the evaluation region, and the highest ventilation efficiency is achieved by conf.
25. In this configuration, the lower wind speed threshold (VR, > 0.34) is exceeded in
82% of the evaluation region.

Figure 8 Ventilation efficiency (%) in the evaluation region, in the horizontal plane (z =2 m)

(see online version for colours)
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3.5 Wind discomfort and ventilation efficiency assessment of the best possible
seafront building configurations

Pedestrian wind discomfort and ventilation efficiency assessments show many
configurations satisfy the target design wind speed thresholds. However, according to the
multi-objectives of this study, the best possible seafront building configuration is the one
that performs better in the entire evaluation region (passages 1, 2 and 3) in terms of wind
discomfort risk and ventilation efficiency. It is noteworthy that there is no conflict
between pedestrian wind discomfort risk and ventilation efficiency in determining the
best possible seafront building configuration. Unlike other configurations, conf. 20 and
25 achieve a better wind environment in the evaluation region. For these configurations,
W/Sii is 2.4, and S, is 4 and 5 m for the conf. 20 and conf. 25, respectively. Although
both satisfy the target design wind speed thresholds in the evaluation region, conf. 25 has
a lower risk of wind discomfort and provides higher ventilation efficiency than conf. 20.

Figure 9 Wind velocity distribution around, (a) conf. 25 (b) wind discomfort risk (c) ventilation
efficiency (see online version for colours)
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A detailed analysis was performed for conf. 25 visualising the entire evaluation region.
Figure 9(a) shows the contour plots of velocity magnitude at pedestrian level (z = 2 m),
and Figure 9(b) shows the risk of wind discomfort. The blank spaces in Figure 9(b) show
VR, below 1.12, corresponding to wind velocities below 3.3 m/s. V'R,, never exceeds the
upper design wind speed threshold (VR,, < 1.12). Figure 9(c) shows the contour plots of
velocity magnitude where the wind speed is below 1.0 m/s (VR,, < 0.34). According to
Figure 9(c), conf. 25 does not completely prevent the stagnant wind flow area in the
evaluation region. An area of approximately 1| m wide around the upwind buildings has a
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stagnant wind environment [Figure 9(c)] due to the boundary layer effect of the
buildings.

Conf. 25 has the highest density/compactness, with the highest aspect ratios (H/Sx
= 4.2; H/S, = 6.3) and BSF (61%). It is noteworthy that the more compact and denser
seafront building configuration is the best possible one for pedestrian wind comfort and
urban ventilation. However, passage 2 is 6 m wide in this configuration, and passage 3 is
4 m wide. These passage widths are not functional for both long-term seating and
pedestrian walking activities at the same place. Therefore, although this configuration
performs best for all objectives, it is not functional from urban planning aspects.

On the other hand, while the configuration with all passage widths of 10 m (conf. 4)
is more functional, it cannot meet the target wind speed thresholds and does not prevent
the risk of wind discomfort in passage 1. Therefore, a compromise must be provided
between the passage function, pedestrian wind comfort, urban ventilation efficiency, and
density/compactness. In conf. 19, passage 2 is 10 m wide, and passage 3 is 5 m,
providing an acceptable wind environment from wind discomfort risk and ventilation
efficiency aspects. Therefore, a detailed analysis was performed for conf. 19, which
visualised the entire evaluation region.

Figure 10 Wind velocity distribution around, (a) ref. conf. 19 (b) wind discomfort risk
(c) ventilation efficiency (see online version for colours)
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Figure 10(a) shows the contour plots of velocity magnitude at pedestrian level (z = 2 m)
for conf. 19, and Figure 10(b) illustrates the risk of wind discomfort. In general, conf. 19
meets the upper design wind speed threshold; however, it cannot prevent local flow
acceleration (21%) at the corners of downwind buildings (SCA3). However, since the
local flow acceleration takes place in a limited area, the risk of pedestrian wind
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discomfort was minimised. The ventilation efficiency was assessed in Figure 10(c),
which shows the contour plots of velocity magnitude where the wind speed is below
1.0 m/s (VR,, < 0.34). The ventilation efficiency of conf. 19 (64%) is 18% less than the
ventilation efficiency of conf. 25 (82%).

This study proposed alternative options for existing seafront buildings on the
Alsancak coastline. Figure 11 shows the typical seafront buildings in the Alsancak
coastline consisting of an enclosed, single block that fully utilises the site and the
alternative designed options (conf. 25 and conf. 19) together. The alternative designed
configurations have a more porous form to wind flow to mitigate UHI and air pollution
and have wind comfortable passages. They also do not neglect to provide density/
compactness of the urban form. The Mediterranean climate requires more permeable
buildings. Therefore, in terms of architecture and urban planning, such a comparison is
necessary to show how an enclosed linear block located along the coast should be
fragmented and how and in what configuration urban open spaces should be placed
between buildings for pedestrian wind comfort and urban ventilation.

Figure 11 Plan view of existing and proposed alternative urban seafront building configurations
(see online version for colours)

Existing Typical Conf. Conf. 25 Conf. 19

4 Discussion

Numerous studies focused on fulfilling a single criterion, such as pedestrian wind
comfort or urban ventilation in urban spatial planning. However, this study aims to fulfil
both criteria simultaneously; therefore, the contradictions encountered in fulfilling both
requirements should be discussed.

4.1 Role of building configuration on the risk of wind discomfort risk and
ventilation efficiency

This study proposes alternative design options for the existing urban seafront buildings in
Alsancak neighbourhood. Given that seafront buildings are exposed to open wind
conditions, the risk of wind discomfort at passages is unavoidable. On the other hand,
although wide passages promote ventilation (Hu and Yoshie, 2013), they are not
sufficient to prevent the risk of wind discomfort at passages. We found that establishing a
mutual relationship between the first-row and second-row seafront buildings based on



256 H. Bas et al.

two geometric indicators (higher W/S, ratio and lower S,) in shifted configuration has a
notable effect on reducing wind speed without neglecting ventilation efficiency.

Numerous studies examining the effect of building configuration on urban ventilation
reported that shifted building configuration has lower ventilation efficiency than the
grid-aligned configuration (Brown and DeKay, 2001). Giilten and Oztop (2020)
compared the urban block typologies using the 5 X 6, 5 x 5, 5 x 2, 4 x 3 idealised
building arrays, while Chen et al. (2021) compared grid-aligned and shifted building
configurations using 5 x 5 idealised building arrays. It should be noted that earlier studies
were performed on a larger scale. In these studies, wind flow significantly decreases due
to the large frictional drag of shifted building configuration. However, this study is on the
urban block scale consisting of only two rows of buildings in the city’s coastal areas. The
proposed two-row shifted seafront building configurations provide high ventilation
efficiency. Because the wind is strong on the coast and the two rows shifted building
configuration does not create much frictional drag compared to those with more rows of
buildings. This shows that the location, scale, and the number of buildings arranged can
considerably affect the results. However, this study needs to be extended to the
macroscopic city scale in future studies.

Earlier studies on the shifted configuration did not parametrically test the effect of
urban geometric indicators on ventilation efficiency. However, in this study, the
parametric design method allowed us to find the best possible shifted building
configuration by eliminating other building configuration options. This shows the
importance of examining the building configuration and urban geometric indicators
together and parametrically.

Many studies tested the effect of building configuration on the risk of wind
discomfort. They reported that shifted building configuration could cause extreme windy
conditions due to the pressure short-circuiting effect (Janssen et al., 2013). However, it
should be underlined that earlier studies investigated the risk of wind discomfort between
two parallel-shifted buildings. Therefore, it should be stated that the number of the
buildings in shifted configuration and particularly spacing sizes between buildings (S,
Sy, and Sy) can cause different results.

Each climate has its unique climate and wind conditions, so typical urban building
configurations may not work efficiently in all wind conditions. However, the adaptation
of the building configuration to the unique wind conditions can be achieved with the
design and modification. For example, the shifted building configuration is recommended
in cold northern climates (Johansson and Yahia, 2020) to block the cold winds and avoid
the formation of wind channels. In a similar approach, shifted building configuration is
also recommended in hot-arid climates to prevent the free flow of hot and dusty desert
wind in urban open spaces (Gut and Ackerknecht, 1993). However, the Mediterranean
climate is different. Wind (sea breeze) is cool and thus desirable to regulate urban
temperature. On the other hand, the risk of pedestrian wind discomfort should be
prevented in the coastal passages. Therefore, the free flow of wind should be allowed
while blocking the acceleration of the wind flow at the coastal passages.

The integrated use of the shifted building configuration and the two proposed urban
geometric indicators in the Mediterranean coastline are critical. Such a strategy block
wind flow acceleration, not wind flow. In this way, a balance is achieved between
different design requirements. In this context, this study shows a way to adapt the shifted
building configuration to the unique climatic and wind characteristics of the
Mediterranean climate, using a parametric design method in coastal urban environments.
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4.2 Role of urban density and compactness on the risk of wind discomfort risk
and ventilation efficiency

The compact city paradigm generally contradicts urban ventilation (Brown and DeKay,
2001). This study supports compact and dense urban development as the more compact
and denser seafront building configuration (conf. 25) performs better from pedestrian
wind comfort and urban ventilation aspects. However, it should be highlighted that the
findings are limited to the seafront urban buildings.

5 Conclusions

This study has presented an alternative design of urban seafront buildings to mitigate
UHI and air pollution with ventilation and minimise the risk of pedestrian wind
discomfort in Izmir, a dense and compact Mediterranean city.

The main conclusion is that two-row seafront buildings in the shifted configuration
designed using the proposed urban geometric indicators (W/Syi, S,) can prevent the
double corner effect and maximise urban ventilation efficiency (82%).

Two findings should be highlighted. First, to achieve the minimum wind discomfort
risk and maximum ventilation efficiency in coastal urban open areas, three factors should
be provided together:

1 shifted building configuration
2 higher W/S\
3 lowersS,.

Second, there is a strong positive correlation between increasing the density/compactness
of the seafront building configurations and improving pedestrian wind comfort and urban
ventilation efficiency. The results show a compromise between pedestrian wind comfort
and ventilation efficiency requirements without neglecting urban density/compactness in
the seafront urban area.

The pedestrian-level wind climate can be improved in the coastal part of Izmir with
the application of the findings. The results also apply to other coastal cities, and the
findings can be generalised to similar coastal urban environments since the study creates
new empirical building spacing rules. Urban wind flow is associated with many urban
environmental issues such as global warming, UHI, air pollution, and pedestrian wind
comfort, so it must be addressed holistically.
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