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The grid method is the most widely used technique for measurement-based noise assessment, and
indeed is part of the ISO 1996-2 standard. Nevertheless it has certain disadvantages. The present work

is an analysis of the grid method for evaluating noise,

rstly in the city of Caceres and, secondly in

two other smaller towns. Using as reference a 200 metre grid study, a study was made of the e ect of
varying the size and form of the grid on the city’s overall noise value, the percentage of data found to lie
above some reference thresholds, and the noise value assigned to a certain zone of the city. The 1SO 1996
recommendations of the necessity of new sampling points and the method’s predictive capacity for these

new measurements were also analyzed.
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1. Introduction

With the rapid growth of cities in the last few
decades, noise has become one of the major concerns
of citizens, and its evaluation and control is now an
integral part of the responsibilities of the public au-
thorities of developing countries (COM, 2002).

Di erent methods have been proposed for select-
ing sampling points in measurement-based noise as-
sessment [Brown, Lam (1987) give an extensive re-
view]. Of these, the grid method has long been the
most commonly used. Indeed, it is part of the 1SO
1996-2 standard in both the old (ISO 1996-2, 1987) and
the revised (1ISO 1996-2, 2007) versions. It has certain
disadvantages, however, so that a number of alterna-
tive methods have been proposed (Glaser, Silver,
1979; Broderson et al., 1981; Chakrabarty et al.,
1997; Piccolo et al., 2005; Barrig n et al., 2005;
2010; Romeu et al., 2006), but none of them have as
yet achieved generalized acceptance.

Basically, the grid method consists of superposing
a certain grid over the map of a city. The nodes of
the grid are then taken to be the sampling points,
although sometimes only some of the nodes are cho-
sen. The elements of the grid are generally squares,
but other polygons may be used. The grid size can be
regular or may vary from one zone of the city to an-

other. Indeed, when a greater than 5 decibel di erence
is measured between two adjacent points, according to
1ISO 1996-2 (ISO 1996-2, 1987; 1SO 1996-2, 2007) an
additional sampling point should be measured between
these two points. Various studies using this method are
reviewed by Brown and Lam (1987), and more recent
applications can be found elsewhere (Zannin et al.,
2002; Sommerhoff et al., 2004; Mart n et al., 2006).

The present work studies the grid method for the
evaluation of urban noise. For this purpose, in the city
of Caceres [a medium-sized town (about 95000 inhabi-
tants) located in the southwest of Spain], an initial 200
metre grid (involving 645 measurements) was used as
reference, and then, with the same measurements, an
analysis was made of the e ect of increasing the grid
size or of rotating the grid. In the same way, we stud-
ied the 1SO 1996 recommendations for the necessity
of new sampling points, and the method’s predictive
capacity by using grid sizes larger than 200 metres to
\predict" the known values at points inside the squares
of that grid. Some of the studies carried out in the city
of Caceres were also applied in two smaller towns (Don
Benito and Olivenza), in order to corroborate the re-
sults obtained in Caceres.

In sum, the goals of the present work were:

1. To study the procedure’s capacity to provide an
overall evaluation of noise in a town.
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2. To evaluate the in uence of varying the grid size
on the noise value associated with a given zone of
the town.

3. To analyze the ISO 1996-2 recommendation with
respect to the need for new measurements.

4. To study the method’s capacity to predict the
noise value of new measurements.

The work is structured as follows. Section 2 de-
scribes the towns, and the methods used for the sam-
pling point selection, for the noise measurements, and
for the statistical analysis. Section 3 presents the re-
sults, and Sec. 4 the conclusions.

2. Methods
2.1. The towns studied

The city of Caceres has a population of about
95000 inhabitants (increasing to over 110000 during
the teaching period due to the in ux of more than
10000 students at the University of Extremadura and
an important number of tourists). It is the second
largest town of Extremadura (region located in the
southwest of Spain). The old part of the town centre
(it is a UNESCO World Heritage site) is characterized
by pedestrian streets (except that reduced tra c is al-
lowed in some of them). The desire to conserve this
old part of the town and the di erences in altitude of
the various parts of the town have been the major fac-
tors in uencing urban development in general, and the
width and conformation of almost all the city streets in
particular. In recent years, the construction of a ring-
road around the town has changed its tra c patterns,
greatly reducing the number of heavy vehicles and, to
a lesser extent, other vehicles that pass through the
town. Industrial activities are of minor relevance, and
are concentrated mainly in the outskirts, outside the
study area (shown in Figs. 1 to 3). The mean annual
temperature and rainfall are 16.1 C and 523 mm, re-
spectively.

The town of Don Benito has a population of about
35000 inhabitants and is the fth largest town of Ex-
tremadura. It has no historical part, and is located in
a at region near the River Guadiana.

The town of Olivenza has a population of about
10000 inhabitants and is located very close to Portu-
gal (indeed Olivenza belonged to Portugal from 1297
to 1801). It has a walled old part, and most of it
streets are paved with stones of a narrow U-shaped
cross-section.

2.2. Selection of sampling points for the noise map
grids studied

2.2.1. The city of Caceres

To apply the grid method to the city of Caceres, the
area of the city (approximately 10 km?) made it possi-

ble to select a fairly small grid size as reference. In par-
ticular, for the sampling point selection a 200 m resolu-
tion square grid was drawn on the town map. A similar
grid size has been used in previous studies (Garc a
et al., 1990; Sanch s et al., 2000; Barrig n Moril-
las et al., 2002), although coarser grids are usually
employed (Sommerhoff et al., 2004; Mart n et al.,
2006; etc.).

The nodes of this grid were selected as the measure-
ment points. When a point was inaccessible, the near-
est accessible point was selected. With this grid size,
there were a total of 215 measurement points, form-
ing 168 squares. Squares corresponding to industrial
zones were not considered. Figure 1 shows the map of
Caceres with this 200 metre size grid that served as
the reference for the study.

These 215 measurement points were used for a rst
analysis of the 200 metre grid. Then the same measure-
ments were used to compute noise maps with coarser
grid sizes in which no new measurements were neces-
sary. The di erent grid sizes studied were:

a. the initial 200 m grid size,

b. two di erent placements of a 283 m grid size (ob-
tained by rotating 45 the initial 200 m grid)
(shown in Fig. 2),

c. four di erent alternatives of the 400 m grid size
(two of them shown in Figs. 3a,b),

d. nine di erent alternatives of the 600 m grid size
(one of them shown in Fig. 3c),

e. four di erent alternatives of the 800 m grid size.
Although there are twelve possible alternatives,
only the four that would involve more than 10
sampling points were selected. One of these alter-
natives is shown in Fig. 3d.

Information about the number of measurement
points and the number of grid squares of each alter-
native analyzed is provided in Table 1.

2.2.2. The other towns studied

In the towns of Don Benito and Olivenza (with ar-
eas of 7.5 km? and 2 km?, respectively) the same grid
resolution as in Caceres was used in order to allow com-
parisons. In these towns the di erent grid sizes studied
were:

a. the initial 200 m grid size,

b. the two di erent placements of a 283 m grid size,
and

c. the four di erent alternatives of the 400 m grid
size.

Information about the number of measurement
points and the number of grid squares of each alter-
native analyzed is provided in Table 7.
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Fig. 1. City map and sampling points of Caceres with the 200 m size grid used as reference superposed.










































