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This study investigated the distribution of the fraction of rainfall intercepted by the facades of buildings
located in an urbanized area. We used the frequently used semi-empirical standard ISO-15927-3 to
simulate Wind-Driven Rain on facades. The implementation of the Norm on a neighbourhood scale
required a list of parameters, including building geometry and terrain characteristics. For the first time,
we proposed the use of combined 3-D GIS and LiDAR data to retrieve all the information necessary to
apply the Norm on a large set of buildings. The proposed methodology was tested on a dense urban area
of 242 buildings with a wide range of original features. The distributions of simulated catch ratios per
facade were exponentially distributed between 0 and 9%. Results obtained were smaller than those
usually identified in the literature. This was in large part explained by two points: (i) the buildings
considered are located in a dense urban area where surrounding buildings create an obstruction factor
that limits WDR on facades and, (ii) not only are windward facades considered, but also facades located
in the dominant wind direction which received almost no rain. Facade orientation is a clear factor that
influenced the amount of rainfall in contact with it. Modern GIS techniques are sufficiently advanced to
provide the necessary information to assess WDR. However, the accuracy of our conclusion was limited
by the inherent simplicity of the Norm, which has potential for improvement in terms of the definition of
the obstruction factor and the range of building geometry which it takes into consideration.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The volume of water contacting building facades because of the
Wind-Driven Rain (WDR) effect is one of the current issues in
building sciences. Wind-Driven Rain (WDR) refers to the oblique
component of the rain vector when wind and rain occur simulta-
neously [1]. Wind fields determine the direction of rainfall. Thus,
wind field and rain intensity are the two factors that determine
WDR. WDR is of general interest in hydrology and has been the
source of consistent efforts in research [2e5]. In fact, WDR has been
evaluated as the most important source of humidity having effects
on hygrothermal performance and durability of building facades
[6e8]. After contact with facades, rain water infiltrates into the
building and can alter construction materials via frost damage [9e
11], or other moisture-related causes [12,13]. In recent studies, the
wash-off process of biocides used in paints and renders for
prevention of algea and fungi due to WDR was found to be
a considerable source of biocides in urban waters [14e16].
All rights reserved.
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A better knowledge of WDR - facade interaction would help to
quantify these persistent issues and reduce costs related to building
that have been observed to be in constant rise [17,18]. It could help
also in prioritizing insulation of the most exposed facades,
contributing to reduction of energy demand for heating. Finally,
there is a tendency in Europe to densify the built environment [19].
The impact of this densification process on the building envelope
has not been considered until now. Our knowledge on the inter-
ception of WDR by buildings gets regular inputs from the scientific
literature [6,20,21]. However, too few studies have been carried out
within the urban environment, where complex wind fields/build-
ings interactions must be considered [18,22,23].

Three different kinds of methodologies have so far been tested
to estimate WDR and the fraction of water intercepted by building
during rain events, commonly called catch ratio: (i) experimental
methods, (ii) empirical methods and, (iii) numerical methods. Each
of these methodologies have their own characteristics, drawbacks
and advantages. The reader can refer to Blocken Blocken and Car-
meliet [18] for an excellent review.

An ISO Norm 15927-3 [24] has been proposed with the aim of
defining an international standard for the procedure of estimating
ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
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WDR. The Norm proposes two methods to compute WDR but only
the first one, more advanced as requiring hourly rainfall and wind
speed, will be considered in this study. The estimation derived from
this norm is based on local meteorological data and building
characteristics. It consists of the estimation of WDR on a free-
standing facade in flat open country which is then adjusted to
take factors such as the roughness of the terrain, topography,
nearby obstacles and building geometry into consideration. It is
currently one of the most advanced and most frequently used
methodologies to estimate WDR volumes on facades [25,26]. The
legitimacy and accuracy of this Norm has been investigated in
a series of publications [25e28]. However, applications of this
Norm have so far been limited to case studies of isolated buildings.
In this paper, we propose using the specified Norm to extrapolate
distributions of the WDR catch ratio for all facades in a pre-
determined urban neighbourhood.

To apply this Norm to dense urban regions, numerous infor-
mation on buildings themselves (facade orientation and height,
roof slope, number of floors, etc) and on the local environment
(terrain topography, distance to the nearest obstacle, etc) are
required. Nowadays, this kind of information is commonly collected
and managed using 3-D Geographical Information Systems (GIS).
During the last years 3-D GIS systems have demonstrated their
wide range of utility in activities related to the sustainable devel-
opment of cities [29]. One of the available techniques allowing
projects based on 3-D GIS to be implemented and developed is the
well-known remote sensing technique called LiDAR (Light Detec-
tion And Ranging) technology. It integrates sensors in order to
obtain very accurate 3-D coordinates of points located on the
surface of the earth, such as ground points, buildings and trees. In
order to establish the position of the sensor each time a point is
measured, the Global Positioning System (GPS) is used. For more
details, please consult Baltsavias [30]. Data derived from LiDAR
technology can be used, for instance, on the extraction of valuable
and useful urban indicators such as the assessment of the solar
potential of roofs [31], the estimation of urban tree crown volume
[32] or the analysis of the urban form [33].

In this manuscript, we combine the existing ISO Norm 15927-3
with 3-D GIS and LiDAR technology to estimate distributions of
WDR catch ratios on a neighboorhood scale. In addition, we discuss
(i) the influence of building and environmental characteristics on
output results, (ii) the conditions this norm can actually be applied
to real case studies and, (iii) the level detail needed to apply this
norm. After a brief description of the ISO norm 15927-3, this paper
applies the proposed methodology to the community of Thônex,
South-West of the city of Geneva, Switzerland. Community
constituted of 242 buildings, densely arborized in a 1 km2 area.
Table 1
Necessary data obtained from 2-D GIS, 3-D GIS, LiDAR or DTM (Digital Terrain
Model) to compute the ISO methodology.

Parameter Unit Building (b)/
Facade (f)

Source

Facade orientation
relative to north

B f 2-D GIS

Facade height Meter f LiDAR
Eaves B f 3-D GIS
Roof slope B b LiDAR
Distance to the

nearest obstacle
Meter f 2-D GIS/LiDAR

Terrain topography B b DTM
Number of floors B b LiDAR
2. Wall spell index and catch ratio after ISO norm 15927-3

In our approach we use a model for generating WDR based on
the ISO Norm 15927-3. The goal is to compute a “catch-ratio” (CWS),
defined as the fraction of rain water intercepted by vertical facades
divided by the horizontal component of precipitation (Ph) [34]. This
ratio can be calculated with:

CWS ¼ IWS

Ph
: (1)

Thewall spell index IWS [l/m2] is defined as the “quantity ofwind-
driven rain per squaremeter at a point on a givenwall, based on the
airfield spell index and corrections for roughness, topography,
obstruction and wall factors “ [24]. A spell is defined to be “[.]
a period of driving rain [.] in which the input of water due to the
driving rain exceeds the loss due to evaporation. [.] A gap between
Please cite this article in press as: Coutu S, et al., Modelling wind-driven r
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two spells is [.] defined by a period of at least 96 h of no water
getting to the façade” [24]. The wall spell index is calculated as:

IWS ¼ IS � CR � CT � O�W : (2)

It is composed of the airfield spell index IS [l/m2] multiplied with
coefficients representing the influence of the surroundings on the
facade concerned. CR is the roughness coefficient, which considers
terrain roughness in wind direction and the variability of wind
velocity depending on the height of facades. CT is the topography
coefficient. It increases the airfield spell index if the area investi-
gated is placed on a cliff or on the upper part of a hill. O corresponds
to the obstruction factor. Presence of obstacles surroundings the
facade reduces the amount of rain getting to the building. These
effects are included in this coefficient. W stands for the wall factor.
It aims to account for the variability of building geometry and its
impact on rain reaching the facades. Typical range of values for all
variables introduced can be found in the considered Norm. More
information on how to calculate each variable can be found in the
Norm. Yet, we describe in the following parts of this manuscript
how to extract the necessary parameters (see list in Table 1) in
order to compute them. The airfield spell index IS is calculated from
the temporal distribution of its proxy I0S as follows:

I0S ¼ 2
9

X
y� r8=9 � cosðD� qÞ; (3)

y is the hourly mean wind speed in [m/s], r is the total hourly
rainfall in [mm], D corresponds to the hourly mean wind direction
with respect to North [e], in and q is the facade orientation relative
to north. If cos(D�q)> 0, thewind drives the rain toward the facade
otherwise the rain will have no significant or no effect on the wall
and I0S is set to zero. To calculate the airfield spell index with I0S the
67 percentile must be found:

IS ¼ 67% percentile of I0S: (4)

The 67 percentile is found from the values of I0S for all the spells
within the period of available meteorological data (wind velocity,
wind direction and the hourly sum of precipitation). The 67
percentile corresponds accordingly to the Norm to the maximum
value of I0S likely to occur once every three years. The airfield spell
index IS corresponds to the amount of water falling on a free-
standing wall in flat open country during the worst spell likely to
occur within three years. In this sense, the reference unit of the
norm, the wall spell index IWS, is the amount of water falling on
a facade during the most intense spell likely to occur within three
years when obstacles are considered (see Table 1 for a list).

Similar to CWS (Eq. (1)), we can define the catch ratio CS for awall
in a free-standing area, i.e. the fraction of water getting to the
vertical surface without consideration of damping coefficients (Eq.
(2)). CS is expressed with:
ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
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Fig. 1. Typical cases of attached buildings where inner facades (marked in grey) are
present.

a b

Fig. 2. Overhead view showing the same building (a with and (b without consideration
of inner facades. Height of the proxy building in b) is the average height of buildings it
is constituted of.
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CS ¼ IS
Ph

: (5)

CS and CWS are the two parameters that will be discussed in this
study.

A methodology to obtain numerical values for the different
parameters in Eqs. (1)e(4) from meteorological data and a 3-D GIS
database is presented in following paragraphs.

3. 3-D GIS data processing

All data which must be obtained for application of the ISO Norm
are presented in Table 1. Potential sources for retrieving this
information are shown in the same table. The 3-D GIS database
formed is based on various information: (1) 3-D vector data of
building roofs, (2) 2-D vector data information of building foot-
prints, and (3) LiDAR data, mostly used for the classification of
vegetation.

The 3D-data needed to calculate the wall spell index of the
facades can be processedwith the aid of theGIS-programManifold.1

Some of the expressions in this section may refer to this program.
A first simplification that is made prior to the model parameters

estimate is the elimination of inner facades. Some buildings consist
of several houses attached to each other. These buildings may have
different heights, which lead to the existence of inner facades (see
Fig. 1). For calculations, however, these inner facades are not
considered since they are not mentioned in the ISO Norm. Thus, the
separate houses are condensed into one building, as shown in the
following example (Fig. 2). For the facade height the average value is
taken.

3.1. Wall orientation relative to north

The orientation of the walls towards North is given in degrees
and in clockwise direction for the exterior side of the wall (Fig. 3).

3.2. Height of facades, buildings and number of floors

Facade heights differ from building heights, this last parameter
being straightforwardly available in the cadastral database. To stay
as close as possible to the norm, facade height for each building is
found by overlapping two GIS layers: one contains building eleva-
tion in each of its pixels, and the other shows facades localization.
The intersection of these two layers provides the height of each
facade.
1 http://www.manifold.net/, site last accessed in March 2012.
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3.3. Eaves presence determination

Facades with eaves are determined by subtracting a GIS layer
containing the projected view of the building on the ground to the
layer containing ground print of the building (see Fig. 4). According
to the ISO Norm, eaves are considered if the space between the
facade and the end of the roof is larger than 35 cm.

3.4. Roof slope

Prior to evaluating the roof slope of a building, structures
present on the roof (like chimneys) have first been removed (see
Fig. 5) as they constitute a strong irregularity of the roof slope,
distorting the average value of the real roof slope. Afterwards, the
average slope of the 3-D surface obtained from LiDAR is computed
for each building [35]. The ISO Norm defines sloping roofs as at least
20� pitched roofs. Finally, a query allows a distinction between flat
and sloping roofs to be made by separating roofs with a mean slope
of more than 20� from the ones with a mean slope of 20� or less.

This procedure works correctly for common roofs such as, for
example, the house on the top left corner of Fig. 5. For more
complex roofs (house in bottom left corner of Fig. 5) the average
value in certain cases may differ from the reality. The ISO Norm
does not provide a rule to handle complex roofs. What is needed in
the end is the information whether the roof over a given facade is
flat or pitched (>20�).

3.5. Horizontal distance to the nearest obstacle

The horizontal distance to the nearest obstacle (vegetation or
another building) within the line of sight (25� on either side of the
normal to the wall, see Fig. 6) with at least the same height as the
facade considered can be found by applying two queries specifically
developed for this study. One of the queries looks for the nearest
vegetative obstacle (mainly trees) with the same height or higher
while the second searches for buildings with equal or higher height.
In this way, the smallest distance to both the plant and the building
Fig. 3. Definition of facade orientation towards North.

ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
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a b

Fig. 4. Identification of facades with eaves. a) superposition of roof and soil print, b) identified facades with eaves.
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fulfilling the criteria mentioned is found for every facade. The
smaller distance of the two is taken in order to find the corre-
sponding obstruction factor.

The distance to the nearest obstacle is necessary to evaluate the
obstruction factor as stipulated in the ISO Norm (See Table 2).
Curiously, no value of obstruction factor is given if the obstacle is
located at less than 4 m from the facade. For such cases, the
obstruction factor is assumed here to be zero if the obstacle is closer
than 1 m, and 0.1 if its distance to the facade is between 1 and 4 m.
If the obstruction factor is zero, IWS becomes zero as well. This
wouldmake sense for obstacles which are placed very closely to the
facade considered and thus hinder any rain falling on the facade.

3.6. Terrain topography

Information on terrain topography is necessary to obtain two
geographical parameters. The first one is the terrain category,
which provides information on the roughness of the terrain at
a given height [24]. Roughness of the terrain influences wind
velocity and thus impacts IW by a factor CR. Terrain category is found
a b

Fig. 5. Map section representing the three main steps to find the average roof angle. a) fra
with slope > 20� (in blue). (For interpretation of the references to colour in this figure leg
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from the distribution of building height in the area considered, and
from the proportion of surface that is covered with buildings [24].
The second parameter is the topography coefficient CT which
accounts for slope effects on wind intensity. Indeed, the ISO Norm
considers increases in mean wind speed over isolated hills and
escarpments. The topography coefficient is obtained from Digital
Terrain Model (DTM). Terrain category and CT are two factors that
are site specific i.e., the value considered is the same for all build-
ings included in the area considered.
3.7. Wall factor

The amount of rain getting to the facades is partly determined
by building geometry. This is accounted for in the Norm with the
wall factor (W). The wall factor is characteristic of a facade. Fig. 7
presents the different wall factors depending on the roof angle,
overhangs of the roof and the number of floors.

The ISO Norm gives for each type of wall the distribution of the
wall factor over the whole facade. However, in this project it is
c

ctured roof with substracted structures b) pitched roofs considered (red) c) roof pixels
end, the reader is referred to the web version of this article.)

ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
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Fig. 6. Illustration of one procedure part of the query whereby the obstacle searching
area of the facades of three buildings are defined.
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assumed to be sufficient just to take the average value of the wall
factor on the facade.

Besides, the ISO Norm indicates the wall factor of only a few
types of buildings. There is no information given for buildings with
less than two floors. Also, information about multi-storey buildings
(>3 floors) with a pitched roof is missing. For these cases
assumptions are made based on the information of the building
types documented in the ISO Norm (see Fig. 7). In the case of
buildings with four or more floors, it is assumed that the presence
of eaves does not influence the wall factor of the facade. This
assumption is supported by existing studies that have shown that
for high-rise buildings, the wind-blocking effect is the main factor
that governs the WDR distribution pattern on a facade, and not the
occurrence of eaves [36,37]. The presence of eaves has more
influence on low-rise buildings. So by analogy with coefficients
given for two-storey building gables or with eaves in the Norm (see
Fig. 7), the assumption is made that for one-storey buildings the
average wall factor is reduced by 0.1 in presence of eaves.
Table 2
Obstruction factor (O) values. Table adapted from the Norm. Shaded lines complete
the Norm for its application to real case study.

Distance to obstacle (m) Obstruction factor (O)

From 0 to 1 0
From 1 to 4 0.1
From 4 to 8 0.2
From 8 to 15 0.3
From 15 to 25 0.4
From 25 to 40 0.5
From 40 to 60 0.6
From 6 to 80 0.7
4. Field case illustration

The investigated area tested to apply ourmethodology is located
in the community of Thônex in the southeast of Geneva,
Switzerland. This area contains 242 buildings of different types
(households, administrative and industrial) and sizes (Fig. 8). The
number of facades is 1497. The terrain considered is a suburban flat
(Category III, CT ¼ 1) area. Its surface area is 1 km2. All data listed in
Table 1 necessary to compute WDR catch ratio in facades were
supplied by the Direction Cantonale de la Mensuration Officielle2

(DCMO), Geneva.
The following meteorological data are necessary to implement

the ISO Norm: (i) rain intensity, (ii) wind speed and, (iii) wind
direction. According to the Norm, data should be from an obser-
vation period of at least ten (better twenty or thirty) years with an
hour time resolution. For our case study, the weather station
providing the meteorological data is at Genève-Cointrin. This
station belongs to the Swiss meteorological network. The consis-
tency of data has been checked with other nearby stations. The
observations started on 1 January 1981 at 0.00 a.m. and ended on
19 July 2011 at 11.00 a.m., which corresponds to an observation
period of more than 30 years. Data are provided at an hour time
resolution.
2 http://etat.geneve.ch/dt/dcmo/accueil.html, site last accessed in March 2012.
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5. Results and discussion

The distribution of the wall catch ratio (CWS, Eq. (1)) and the
airfield catch ratio (CS, Eq. (5)) calculated for all the facades of the
area considered is presented Fig. 9.

Thewall catch ratios calculated have amean value of 0.56%, with
a distribution of values ranging from 0 to 9%. For the airfield catch
ratio, which is the fraction of water getting to a vertical surface
without consideration of damping coefficients, values range
between 0.01 and 1.2, with an associated mean value 0.197 of (i.e.,
19.7%). Note that the airfield catch ratio can exceptionally take
values higher than onewhen intensewind condition occurs in open
an area.

The distribution of the wall catch ratios in this study are small
compared with other existing studies aiming to investigate this
parameter. Usually, typical average wall catch ratios range between
10% and 25% [27,38e40], which means high discrepancies with
values simulated in this project. A recent study by Burkhardt et al.
[41] conducted on a West oriented facade under natural condition
estimated a catch ratio of 6.3% after one year of exposure. But while
comparing the different results, attention must be paid to
measurements, simulations and boundary conditions. In all papers
identified, the typical catch ratio values presented are given in
prevailing wind direction. Also, selected buildings for research
study are idealized or located in an isolated area [25,27,42]. This
again will obviously increase the amount of rain getting to a facade
as it is not protected by any obstacles. In all cases the absence of
obstacles as well as the orthogonal wind direction to the facade can
be considered as special cases in the ISO Norm. For this reason, the
values found in the literature are located between the range of
values of the airfield catch ratio found in this study. Considering the
buildings inside a dense urban environment seems to reduce
strongly the impact of WDR on its facades.

The impact of building height, the presence of eaves, number of
floors, flat roofs, distance to the nearest obstacle and facade
orientation on the wall catch ratio is investigated in Fig. 10. As
expected, we see that facade orientation is the main factor
impacting WDR on facades because windward facade protects
partly or fully other facades from rain impact by distorting wind
fields around the building [18,42]. Similarly, the decreasing
distance from the nearest obstacle higher to the facade reduces the
amount of WDR rain on the facade. This is logical considering the
definition of the nearest obstacle (section 3.5). However, this defi-
nition can be contested by the studies of Blocken et al. [28] and
Blocken et al. [43], who show that the influence of smaller buildings
can actually increase WDR on higher buildings, which is not
accounted for in the Norm used as the reference model for this
study. On the other hand, the presence of eaves and the height of
the building do not reveal a pattern of WDR catch ratios. This again
is supported by other external studies. If overhang roof has been
From 80 to 100 0.8
From 100 to 120 0.9
Over 120 1

ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
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Fig. 7. Obstruction factor values. Adapted from [24]. In the right column, the hypothesis considered in this study to extend the Norm to range of building geometry present in this
study.
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proven to limitWDR on the upper part of the facade, it seems that it
has very limited or no effect on the averageWDR catch ratio for the
whole facade, as modification on the wind field involved by eaves
has the potential to increase WDR on another level (i.e. not right
underneath the eave) of the facade [37,42].

6. Limits of applicability of the methodology

Reasonable values for the wall spell index and catch ratio have
been obtained (see section 5). However, several simplifications and
assumptions have been made. The 3D-GIS database provided is
very detailed but still does not perfectly fit with what is required by
the ISO Norm 15927-3. On the other hand, we found situations in
our case study where the ISO Norm does not give sufficient infor-
mation on how to proceed in these specific cases. The assumptions
Fig. 8. 3D representation of the studied area.

Please cite this article in press as: Coutu S, et al., Modelling wind-driven r
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and simplifications that are made in this project are discussed in
this section.
6.1. Assumptions and simplifications during the GIS-data processing

To estimate facade height above ground the different values of
the pixels along wall lines are averaged to get one mean height for
a certain facade. This affects mainly facades whose heights vary
along the house. In the case of oblique roofs the shift of maximum
facade height towards the average height of the facade considered
may lead to underestimations.

However, because of wind-blocking effect, it has been shown by
Blocken and Carmeliet [36] that high-rise buildings do not neces-
sarily catch more rain than low rise buildings, which is nicely
reproduced by the Norm (Fig. 10). This leads us to suppose that
remaining uncertainties concerning facade height estimation has
very limited influence on wall catch ratio estimates.
6.2. Limits of applicability of the norm on city scale

The ISO Norm describes the procedure to calculate the wall spell
index for rather ordinary buildings. For unique or unorthodox types
of buildings that are not reported in the ISO Norm, the wall factors
are estimated by means of some interpolations (see Fig. 7). As
mentioned in the previous section, the average wall factor varies
between 0.2 and 0.4. An error of 0.1 resulting from a change in
ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
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Fig. 9. Distribution of the wall catch ratio (left) and airfield catch ratio (right) for the area investigated.
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category for the facade (see fig Fig. 7) that may occur due to our
personal considerations can somehow affect the results. 50% of the
1497 facades do not fit in the category proposed by the norm. It is
a rather high proportion of actual buildings, and thus the Norm
should be extended and upgraded to consider a wider range of
building geometry. Such a task would require a specific study and is
beyond the scope of this manuscript. Computational Fluid
Dynamics (CFD) models have been shown to be able to overcome
this issue [25e27].

Similarly, there are no specifications in the ISO Norm for the
inner facades of a building, as discussed in section 3. In order to
keep it simple, the inner facades are ignored in this project. About
60 of the 242 buildings considered possess this feature. It is not
obvious what their exposure to the WDR is like as wind field in
such complex building architecture is difficult to estimate. A
proper analysis including 3-D GIS modelling and fluid mechanics
simulations could be a useful a tool to approach an answer to this
question.

In the context of the obstruction factor, the distance to the
nearest obstacle with at least the same height as the facade con-
cerned has to be determined. The Norm only proposes obstruction
factors for obstacles located at more than 4 m. But for obstacles
closer than 4 m there is no obstruction factor given (see Table 2). In
the case study considered, 172 facades (11% of all facades) have an
obstacle closer than 1 m and for 217 facades (14% of the total of
facades) the nearest obstacle is between 1 m and 4 m away. Thus,
extrapolation of the norm to estimate the obstruction factor for
obstacles located closer than 4 m from the facade had to be made.
In this project it is assumed that for an obstacle closer than 1 m the
a b

d e

Fig. 10. Values of wall catch ratios as function of 6 different param
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obstruction factor is zero (no water gets to the facade) and for
obstacles between 1 m and 4 m an obstruction factor of 0.1 is
supposed. It is difficult to evaluate the relevance of these assump-
tions, especially the one setting the obstruction factor to zero by an
obstacle closer than 1 m. By doing so, the wall spell index becomes
zero. A tree standing in front of the facade may not cover the facade
completely, even if it is very close. In such a case the wall spell
factor may be underestimated. Again, we are listing here another
shortcoming of the ISO Norm for its application to real case studies.
The definition of the obstruction factor as it is given in the Norm
seems to us the most limiting parameter of the Norm because it
highly influences the wall catch ratio values (Fig. 10). This point was
debated by Blocken et al. [27] and Blocken et al. [43] but more
studies seem necessary to optimize obstruction factor definition in
the Norm. Note that trees and buildings are treated the sameway in
terms of obstruction factor. However, trees are mostly porous, and
provide some less obstruction to the wind flow. We treated trees
and building the same way to keep consistency with the Norm
directive. But there is another point that should receive supple-
mentary details from the Norm.

In summary, the assumptions and simplifications made in this
project are likely to generate certain errors. These errors affect the
wall catch ratio as significant uncertainties listed stand on damping
coefficients associated to building geometry and obstacles. It is not
clear whether the final resulting error over or underestimates the
wall catch ratio. Most the uncertainties are not due to insufficient
precision in the 3-D GIS database, but have more to do with the fact
that the ISO Norm has been detailed for a very limited number of
building geometries.
c

f

eters. Each point represent one facade of the considered area.

ain on buildings in urbanized area using 3-D GIS and LiDAR datasets,
12.09.022



S. Coutu et al. / Building and Environment xxx (2012) 1e88
7. Conclusion

In the present project thewall catch ratio is calculated theway it
is standardised in the ISO Norm 15927-3. The calculated catch ratio
of water getting to the facade is lower than what has been usually
found in other studies in the literature. This difference is partly
explained by the fact that other current studies do not consider
together the influence of surrounding buildings within a dense
urban area. This conclusion is confirmed by the fact that the airfield
catch ratios calculated i.e., the volume of water that gets to the
facade when no obstacle is considered, match the ones found in the
literature.

The orientation of facades has a considerable influence on WDR
catch ratios. Facades oriented towards wind direction are system-
atically more affected by the incident rain. Moreover, the obstruc-
tion factor d i.e., the consideration of surroundings obstacles d

seems to play an important role in the determination of the wall
catch ratio. But its definition as it has been given is limited and
shows potential for strong improvement.

The results obtained seem to be realistic in general. It was
possible to retrieve all necessary data from modern GIS tech-
niques to compute the Norm in a large urbanized area. But for all
wall indices some uncertainties exist. The ISO Norm 15927-3 can
principally, apart from some meteorological constraints, be
applied in very different regions with diverse densities of build-
ings. As it has only been designed for some ordinary types of
facade shapes, the consistent application of the wall factor is,
however, limited.
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