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Abstract

Environmental noise is increasingly recognized as a major environmental development challenge,
with road traffic identified as the dominant source of acoustic pollution across Europe. Noise barriers
are among the most widely implemented mitigation strategies. However, their spatial distribution
and adequacy remain poorly documented, limiting their effectiveness for sustainable territorial
planning. This study develops the first georeferenced database of highway noise barriers in
Andalusia (Spain) and applies a reproducible, transdisciplinary geospatial workflow integrating field
surveys, remote-sensing tools, and Geographic Information Systems (GIS). A total of 110 barriers
were mapped, classified by material, geometry, and surrounding land use, and analyzed in relation
to dwellings, schools, and hospitals. Results show that 1.6% of the Andalusian highway network is
currently protected by barriers, with strong territorial disparities: over 50% of all structures are
concentrated along coastal metropolitan corridors, while extensive inland areas remain unprotected.
Misalignments were also detected between barrier placement and officially reported high-exposure
segments, indicating limited correspondence between infrastructural deployment and acoustic
priorities. Beyond generating a comprehensive regional dataset, the methodology provides a scalable
basis for national and European initiatives seeking to harmonize the mapping and assessment of
noise-mitigation infrastructures. By offering an open-access, transferable framework, this work
supports policy professionals, environmental managers, and planners in evaluating mitigation gaps
and informing more equitable and sustainable transportation and land-use strategies.

Keywords: noise barriers; road traffic; GIS; environmental; spatial analysis; Andalusia

1. Introduction

The World Health Organization (WHO) identifies environmental noise as a growing public
health issue, particularly in urban settings. It is estimated that in Western Europe, approximately one
million healthy life years are lost annually due to traffic-related noise exposure [1] . Additionally, the
organization describes practical noise mitigation techniques that are incorporated into multi-sectoral
public policy frameworks such as acoustic barriers building insulation traffic restrictions and urban
planning [1]. The European Environment Agency (EEA) estimates that in 2017 over 5 million people
in the EU suffered from severe sleep disturbance and over 18 million people were extremely irritated
by transportation noise [2] . The European Commission responded by adopting the Zero Pollution
Action Plan which aims to cut the number of people impacted by transport noise by thirty percent by
2030 [3]. As a result, noise pollution can be regarded as one of the most important environmental
problems and ought to be given top priority particularly in areas with dense populations [4].
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Traffic noise is the leading source of acoustic pollution in urban environments, surpassing both
rail and aircraft noise, and affects millions of people globally [5]. In the European Union, over 81
million citizens are exposed to noise levels exceeding 55 dB(A), which is estimated to cause around
10,000 premature deaths annually [6]. Regarding children and adolescents, the study by Newbury et
al. [7] demonstrates that a considerably higher chance of developing anxiety between the ages of 13
and 24 is linked to increased exposure to environmental noise during early life stages. Numerous
studies corroborate the link between noise and the development of various illnesses including those
listed above. [8-10]. With regard to Andalusia, specifically the data that is currently available, shows
that people consider noise to be a major environmental problem especially in urban areas that are
impacted by traffic (Novale, 2016).

In response to the magnitude of the environmental noise impacts, acoustic regulation has gained
increasing importance at the European, national, and regional levels. At the European level, Directive
(EU) 2020/367 establishes standardized assessment methods for evaluating the harmful effects of
environmental noise, facilitating cross-country comparability. All national and regional noise
regulations originate from this overarching European directive. These European policies establish the
need for the creation of noise maps. The EEA Noise Viewer and collaborative projects like Noise
Planet, contribute to the visualization, analysis, and public participation in the development of noise
maps. In Spain, the SICA system (Information System on Acoustic Pollution) centralizes data on
strategic noise maps and action plans [3]. At the global scale, the average road density varies greatly
among regions, with the highest values found in northwestern Europe and parts of South and East
Asia, and the lowest in sparsely populated areas such as northern Canada, the Sahara, and the
Amazon basin [12]. The strong correlation between road density and population observed in the
Global Roads Inventory Project supports this interpretation. Europe continues to report the highest
road network density, followed by East Asia and the Pacific [13].

According to the WHO and the EEA, traffic noise is the type of noise most perceived as a problem
and noise barriers are one of the common solutions to control road traffic noise [14]. These structures
function as physical obstacles placed between noise sources (such as highways) and human receivers,
with the aim of interrupting or redirecting sound propagation. They are typically installed along road
corridors to improve the acoustic environment for nearby residents. Despite their widespread
application, their impact on community perception and overall noise annoyance remains
insufficiently explored [15]. There is an increasing number of studies that demonstrate the reduction
in dBA levels in areas where noise barriers have been installed, before and after installation [16-20].
Therefore, in the planning of new highway infrastructure, it is essential to assess whether the
proposed route may negatively affect the surrounding acoustic environment [21]. Kastka et al. [22]
study shows that after installing barriers, the relationship between noise level and annoyance
weakens. According to Nilsson et al. [23] evaluation should not only focus on the reduction of dBA
but also on frequency variation, as this factor also affects the annoyance generated.

Therefore, the installation of noise barriers reduces road traffic noise reaching the population
living near highways and main roads. The acoustic performance of noise barriers is commonly
assessed through the Insertion Loss (IL) parameter, defined as the difference in sound pressure levels
before and after barrier installation, measured in situ according to ISO 10847:1997 [24]. This standard
allows both direct and indirect methods, with the latter frequently applied to evaluate existing
roadside barriers [16]. Complementary parameters such as sound insulation and absorption
coefficients are determined using EN 1793-5 and EN 1793-6, including the Adrienne method, which
enables in-situ testing under real sound field conditions [19]. Reported IL values typically range from
5 to 20 dB(A), although field studies indicate variable performance depending on barrier design,
material, and installation context [16-20].

Compared to other aspects of environmental, research on noise barriers is still scarce, although
in recent years there has been an increase in studies that concentrate on their type materials and
acoustic performance [25-28]. However there is still a significant research gap regarding the actual
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locations of noise barriers, whether or not their placement adheres to precise planning criteria and
whether or not they are actually effective beyond isolated noise-reduction measurements [29].

Based on this gap, the general objective of this study was to spatially characterize the noise
barriers installed along the Andalusian highway network and create the first step to a European
Noise Barrier database. To achieve this, the following specific objectives were defined: (i) to locate
and georeferenced sampled existing barriers, (ii) to classify them according to material, length and
surrounding land use, (iii) to analyze their relationship with noise-sensitive areas and the most
acoustically affected road sections, and (iv) to evaluate the coverage and effectiveness of current
planning. The research aims to fill this existing gap and address.

2. Materials and Methods
2.1. Study Area

To date, there is no detailed or publicly accessible database of noise barrier locations at the
European scale, only some reports describe barrier typologies or acoustic performance [30]. Given
the impossibility of mapping all existing barriers across Europe (or even Spain), this study focuses
on Andalusia (southern Spain) as a starting point, with the aim of developing a database that can
later be scaled to broader contexts. This region covers more than 87,000 km? and is structured by a
highway network connecting its main urban, industrial, and touristic centers [31]. Despite this
infrastructure, no systematic information exists at the regional level, which makes it difficult to
determine the numbers of barriers installed and their location (Figurel).

WA a7 Waas] aao a2

Figure 1. Study area in Andalusia (Spain), showing the highway network analyzed.

2.2. Methodological Framework

The workflow followed in this research is summarized in Figure 2. This illustrates the sequential
process adopted to identify, classify, and analyze roadside noise barriers in Andalusia.

The methodological framework presented in this section is based on the first three steps: data
collection, database development and Geographic Information System (GIS) analysis. The
methodology followed to obtain, process, and analyze the data are described in detail: Identification
and collection of primary and secondary information, construction of a consistent spatial database,
and the application of GIS.
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Figure 2. Workflow diagram of the research methodology.

2.3. Data Collection
2.3.1. Identification of Barriers: Fieldwork and Google Street View

In order to guarantee thorough coverage of the Andalusian highway network, noise barriers
were identified and verified using a combination of direct field observation, GPS-based localization
and methodical virtual inspection using Google Street View imagery. This process combined in situ
validation with online visual documentation.

An official data request was submitted to the Andalusian regional administration; however, no
official registry of existing roadside noise barriers was available at the time of the study. Therefore,
to gather primary data, a direct field observation was conducted. This involved four field trips spread
over four non-consecutive days, covering approximately 1845 km of regional highways—248 km of
motorways and 1597 km of highways—Dby car. Each survey involved the manual identification and
recording of barriers (road name and kilometric point, length and material when distinguishable),
and the land use surrounding them. Table 2 summarizes the four field trips conducted across the
Andalusian highway network, covering a total of approximately 1,845 km of roads through both
inland and coastal corridors.

Table 1. Summary of fieldwork campaigns for noise barrier identification.

Field trip Route description Approx. distance (km) Area covered
1 Coérdoba—]Jaén—Granada— Almeria =800 Eastern Andalusia
2 Cérdoba—Sevilla—Huelva =700 Western Andalusia
3 Coastal corridor between Gibraltar and Malaga =180 Southern coast
4 Coastal corridor between Gibraltar and Cadiz =165 Cédiz coast
Total — ~1,845 km —

During this process a preliminary georeferenced inventory was created. Google Earth and Street
View, which offered supplementary visual data, were used to methodically confirm and supplement
all field observations and location. Google Earth was also used to measure the lengths of the noise
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barriers. Figure 3 displays the steps for field identification, virtual inspection and length
measurement in Google Earth, serving as an illustration of this workflow.

Figure 3. Workflow followed to determine the length of noise barriers, combining field observation and Google
Earth tools. (a) Field survey by car observation. (b) Google Street View inspection. (c) Length measurement in
Google Earth.

2.3.2. Collection of Secondary Data

Complementary data were obtained from several official and publicly accessible repositories to
supplement the primary data gathered during fieldwork. In order to locate, categorize and analyze
the current noise barriers within the Andalusian highway network, these datasets offered extra
spatial and contextual information:

SIRIVA (Sistema de Informaciéon de Ruido Viario de Andalucia) [Andalusian Road Noise
Information System] (2018), which contains strategic noise maps, acoustic action plans, and
information on conflictive noise points published by the Andalusian Regional Government.
“Plan de Accidon contra la Contaminacién Actstica generada por los Grandes Ejes Viarios de la
Junta de Andalucia” [Action Plan Against Acoustic Pollution Generated by Major Road Axes of the
Andalusian Regional Government] (hereafter referred to as the Action Plan) which provides
detailed information on the regional acoustic management framework. It also includes the
prioritization of high-exposure corridors and the identification of mitigation measures
implemented in previous planning cycles. However, it does not specify whether such measures
have been installed, nor do they include the precise location of existing barriers. For this reason,
the georeferenced database developed in this study was compared with the areas identified in
these maps as being at higher risk of noise exposure, allowing the barrier inventory to be
contextualized within the broader regional planning framework.

REDIAM (Red de Informacién Ambiental de Andalucia) [Andalusian Environmental Information
Network], which provides protected natural areas, and other environmental layers relevant for
contextual analysis.

CNIG (Centro Nacional de Informacion Geografica) [National Centre for Geographic Information]
which supplies the official cartography of Spain, including the national road network (MTN25),
orthophotos, and administrative boundaries and land-use data.

Each dataset was processed in QGIS 3.34 [32] after being downloaded in vector or raster format
(SHP GPKG or TIFF). To guarantee spatial consistency and compatibility with the primary field data
all analyses were carried out using the same coordinate reference system (UTM Zone 30N). These
sources offered the contextual framework needed to examine Andalusia barrier systems, spatial
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coverage, proximity relationships and environmental exposure. Table 2 summarizes the primary
repositories consulted, the types of information obtained, file formats and their particular application
in this study.

Table 2. Sources of secondary data and type of information obtained.

Source /

. Type of information obtained Format Use in this study
Repository
SIRIVA Strategic noise maps and acoustic action PDF Identification of high-
plans. exposure road segments
Conflictive noise points
Action Plan Conflictive noise points PDF framework for noise barrier
planning
Environmental (protected areas, .
REDIAM SHP, GPKG Environmental context
hydrology, etc.)
Administrative boundaries .
. . Geometric reference for
(municipalities, provinces, autonomous SHP

aligning barrier locations,
spatial analysis, and visual

mapping

CNIG communities, Spain); highway network; GPKG,
land-use types; 2022 orthophotos (WMS WMS
service)

1(SIRIVA —Sistema de Informacion de Ruido Viario de Andalucia [Andalusian Road Noise Information System];
“Action Plan—Plan de Accién contra la Contaminacion Actstica generada por los Grandes Ejes Viarios de la
Junta de Andalucia [Action Plan Against Acoustic Pollution Generated by Major Road Axes of the Andalusian
Regional Government]; REDIAM —Red de Informaciéon Ambiental de Andalucia) [Andalusian Environmental
Information Network]; CNIG—Centro Nacional de Informacién Geografica [National Centre for Geographic

Information]).

2.3.3. Variable Definition

To allow comparison and analysis, a standardized set of spatial and descriptive variables was
used to characterize each identified noise barrier. It's worth noting that only the primary variables -
those that were directly gathered or defined during data collection and database development -are
covered in this section. Later in the study, variables derived from GIS-based spatial analysis were
incorporated, like barrier density, proximity to sensitive areas or intersection with conflictive noise
points, are introduced as the outcome of further geoprocessing operations carried out on this original
dataset. The initial database included three main descriptive fields: length (m), a numerical variable;
type of material (concrete, metal, wood, or composite), a categorical variable; and location details
(road name and kilometer point), used as reference identifiers.

2.3. Database Development

The geospatial database was developed in QGIS 3.34 using a common reference system
(EPSG:25830—ETRS89 / UTM 30N). The layers from CNIG were loaded to provide spatial context:
(1) Administrative boundaries: provinces and municipalities. (2) Land use maps: urban, industrial,
agricultural, transport-related, etc. (3) Protected natural areas: natural and regional parks. (REDIAM).
(4) Orthophotos: a web map service (WMS (2022)) imagery service was added to provide aerial
verification of barrier locations and surrounding contexts. (5) Official highway network. The
corresponding geographical coordinates from each kilometric point (of each highway) were retrieved
from Google Maps, allowing each barrier to be georeferenced and added as a point feature in QGIS
with its descriptive and contextual attributes stored in an associated attribute table.

To confirm that every point was situated accurately along the official road network supplied by
CNIG, a topology check was carried out. Using orthophotos and satellite imagery from the 2022
CNIG WMS service inconsistencies were manually examined. This process resulted in a unified
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spatial database displaying the Andalusian highway network together with the exact locations of the
identified noise barriers, forming the initial dataset used for subsequent spatial analyses.

2.4. GIS-Based Spatial Analysis
2.4.1. Spatial Distribution

The georeferenced database of noise barriers have been consolidated so a series of spatial and
descriptive analyses were performed to quantify their distribution and characteristics across the
Andalusian highway network. The identification of regions with higher infrastructure concentration
was made possible by these metrics which offered both absolute and relative indicators of protection
coverage. The outputs of these analyses were integrated with the field-recorded attributes (height,
length, and material). A structured table was compiled, in which each barrier was characterized by
its geographic position, administrative location, material, dimensions, land-use context, and distance
to sensitive areas. Overall, this analysis of spatial distribution provided the basis for later evaluations.

2.4.2. Surrounding Land-Use and Physical Context

Land-use layers from CNIG were spatially intersected with the noise barriers in order to describe
the environmental setting of each noise barrier. This allowed the differentiation between urban,
industrial, agricultural and natural areas and the classification of barriers based on the predominant
surrounding environment. The database was also checked for barriers within or next to protected
land by comparing it with the protected areas layer (REDIAM). Each barrier was visually examined
in QGIS and Google Maps to improve the interpretation of these results. Orthophotos and satellite
imagery were used to confirm the immediate context. Additional information such as proximity to
residential buildings, service areas or agricultural facilities was discovered due to this manual
validation.

Each barrier surrounding area was classified according to their land use using the official Land
Cover dataset (2022) available by CNIG. These land-uses were included in CORINE Land use (CLC)
categories which were modified by splitting the artificial surfaces class into two separate groups:
urban areas and industrial/service areas in order to better represent the spatial and functional
heterogeneity of the Andalusian highway network. This distinction was significant because despite
being in the same CLC level-1 category, they represent very different territorial contexts with regard
to environmental function and human exposure. A manual qualitative classification based on direct
visual inspection of orthophotos and field observations was conducted in addition to the CORINE-
based quantitative analysis to characterize the immediate functional context of each barrier. This
comparison was performed to assess whether the land-use information provided by the CNIG
dataset (CORINE Land Cover) accurately represents the actual environment surrounding the
barriers. For this purpose, each barrier was individually inspected to verify the real land-use type
visible on aerial imagery and during fieldwork.

2.4.3. Relationship with Sensitive and Conflictive Areas

Layers representing sensitive land uses and conflicting noise points were used in the proximity
and overlay analyses to evaluate the functional adequacy of noise barrier location. The conflicting
noise points specified in the Action Plan were compared with the georeferenced barrier dataset. The
following circumstances are used in this plan to define an urgent action scenario: (1) SVRA(Sistema
de Valoracién del Ruido Ambiental [Environmental Noise Assessment System] (night) > 200, (2) the
presence of sensitive buildings affected beyond AQO (Acoustic Quality Objectives (specified in
Decree 50/2025, of February 24)); (3) citizen noise complaints located within road sections coinciding
with the urgent scenario. The plan identifies 79 conflicting points based on these criteria, though some
of them overlap spatially due to their close proximity. To assess their coincidence with current noise
barriers and determinate whether noise barriers have been put in the most acoustically crucial areas,
these points were digitalized and imported into QGIS.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Finally, the road segments examined in the SIRIVA (which identify the highway corridors
assessed by the Andalusian Regional Government in its strategic noise studies) were contrasted with
the barrier dataset. This comparison made it possible to ascertain whether study corridors with
barriers are situated along the same road segments that are formally monitored for noise exposure.

2.4.4. Descriptive Indicators

To complement the spatial and contextual analyses, a series of quantitative indicators were
defined to summarize the main structural and territorial characteristics of the Andalusian noise-
barrier network. Concentration indices: To assess the degree of inequality in the distribution of
barriers among provinces, two complementary concentration metrics were used:

1. Herfindahl-Hirschman Index (HHI)

n
N @)

Where si represents the proportion of barriers located in province iii with respect to the total
number of barriers; n; is the number of barriers located in province i; And N is the total number of
barriers identified in the study area. This metric provides a numerical measure of how evenly or
unevenly the barriers are distributed across provinces. Values close to zero indicate a more even
distribution among all territories, whereas increasing values (approximately >0.18-0.25) reflect
moderate to high concentration in a reduced number of provinces.

2. Gini coefficient (G)

R 2. 2 _
HHI = ;-4 s ; s{=

_ i Z}lﬂ |X¢—x,-|

G anix , @

Where xi is the number of barriers in province i, n is the total number of provinces, and x their
mean. This provides a complementary measure of inequality in spatial distribution. Values closer to
0 indicate perfect equality, whereas values above 0.4 reflect marked inequality in the allocation of
noise barriers.

2.4.5. Final Data Integration

Every spatial and contextual variable produced by the GIS analyses was combined into a single
geospatial database. Field-recorded characteristics like length and material are combined with the
derived spatial variables obtained through GIS operations. An extensive dataset detailing each
barriers physical attributes and environmental context was created as a result of this integration. This
serves as the analytical foundation for the spatial interpretation and statistical assessment presented
in Section 3 (Results).

Apart from its immediate analytical value the database was designed to guarantee transparency
scalability and reproducibility. Its design make simple to update with fresh field data from other
regions of Spain or even integrate it into more extensive European-scale projects. The final dataset
will be made publicly accessible via a repository guaranteeing open access to the data. This
configuration ensures compatibility with non-relational data systems and facilitates the retrieval and
analysis of large and heterogeneous records. This database structure is conceived as the foundation
for an extendable national and, in the future, European-wide database of noise barriers, enabling
standardized mapping and long-term monitoring of mitigation infrastructure.

A summary of all primary and derived variables included in the geospatial database —together
with their source, units, and analytical purpose—is presented in Table 3.

It is important to note that some contextual observations were not stored as formal variables in
the database.Instead, they were recorded manually after visual comparison of layers in QGIS. These
include: (1) Whether the barrier is located near a conflictive noise point (2) Whether it lies along a
road corridor analyzed in SIRIVA. (3)The density grid cell used for visual interpretation of
concentration patterns.
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Table 3. Primary and derived variables included in the geospatial database.
Variable Description Unit Source / Method Type Use in analysis
Identifier of the
Road name highway where the — Field observation =~ Primary Location reference
barrier is located
. . Kilometer marker .
Kilometric . . . . Georeferencing
. where the barrier was ~ km Field observation = Primary
point (PK) . i reference
identified
G hical positi
Coordinates &P mca’ postion Derived from Google . . e
X, Y) of each barrier in m Mabs Derived Spatial positioning
’ EPSG:25830 P
Length Estimated longitud.inal m Measurement in Derived Density and .length
extent of the barrier Google Earth aggregation
Material Dominant cor}struction _ Fielc?l / Stree't View Primary TyP(?logy
material inspection classification
Province / Administrative Spatial join with . Aggregation by
C . . — . Derived :
Municipality location of each barrier CNIG boundaries territory
Land-use Surrounding Intersection with . Environmental
. — Derived
type environment layers context
Protected Whether the barrier is Overlay with Environmental
located within or near  — REDIAM protected  Derived .
area sensitivity
protected zones areas

3. Results and Discussion

3.1. Distribution and Density of the Road Infrastructure

Spain has one of the largest motorway networks in Europe, with a total length of 17,668 km and
an average density of 34.9 km per 1,000 km2. This figure places the country close to the European
average for highly developed transport systems such as Germany (36.9 km/1,000 km?). According to
official data from the “Centro de Informacion de Carreteras” of the Spanish Ministry of Transport and
Sustainable Mobility, the internal distribution of the Spanish motorway network shows marked
territorial contrasts. The Community of Madrid stands out as the most densely developed region
reflecting its strong concentration of national traffic corridors and the radial structure around the
capital. In contrast, Andalusia—despite being the region with the largest total motorway length (1,845
km)—ranks tenth in density (21.1 km/1,000 km?), mainly due to its extensive surface area and
predominantly interprovincial road system. For comparing with other European countries,
motorway length data were obtained from the World Road Statistics Data Warehouse, and national
surface area figures from the World Bank database, as summarized in Table 1 which lists the ten
European countries with the highest motorway density. These territorial variations are particularly
relevant when analyzing the distribution and adequacy of roadside noise barriers. The extent and
density of the road network directly influence both, the spatial exposure to traffic noise and the
planning criteria used to implement mitigation infrastructures across regions such as Andalusia.

Table 4. Highway density (km per 1,000 km?) in Europe.

Region (if Motorway or Density (km / .
Country appglicable) Highway (}Lm) Area (k) 1,000};(m2) Rank (Spain)
Netherlands — 2,793 41,540 67.2 —
Belgium — 1,763 30,689 57.4 —
Switzerland — 2,259 41,291 54.7 —
Germany — 13,210 357,680 36.9 —
Spain — 17,668 505,976 34.9 —
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Madrid 640.3 8,028 79.8 1
Andalusia 1,845.2 87,597 21.1 10
Portugal — 3,113 92,230 33.8 —
Austria — 2,250 83,879 26.8 —
Italy — 7,561 302,070 25.0 —
France — 11,752 606,410 19.4 —
U.K. — 3,749 243,610 15.4 —

3.2. Database Overview and Spatial Distribution of Noise Barrier

Along the Andalusian highway network 110 noise barriers were found (Figure 4), about 29 km
in total. Considering that the total motorway length in Andalusia amounts to 1,845.2 km, this
represents about 1.6% of the regional highway network currently protected by acoustic barriers.
Disparities in infrastructure and demographic are reflected across the regions, with an uneven
distribution of noise barriers.

Figure 4. Location of identified barriers along the regional highway network, derived from the geospatial

database developed in Section 2.3.

This unequal geographic distribution can reflect Andalusia differences in infrastructure and
population. Whereas interior provinces like Cérdoba, Jaén or Almeria exhibit fewer installations,
barriers are concentrated along coastal and metropolitan corridors which correspond with the areas
with the highest population density and therefore intensity of road traffic. The observed pattern
indicates that barrier implementation has probably been prioritized in more urbanized and
frequently traveled corridors leaving inland sectors relatively underrepresented even though this
study does not include traffic data.

This spatial imbalance is supported by the descriptive breakdown by province (Figure 5). The
majority of barriers are concentrated along the coastal and metropolitan corridors, particularly in the
provinces of Malaga (32 barriers, = 8.98 km; 29.1%) and Cadiz (28 barriers, ~ 6.18 km; 25.5%), which
together account for more than half of the total inventory (54.6%). Lower numbers were recorded in
Seville (17 barriers, = 7 km; 15.8%) and Granada (19 barriers, = 4.0 km; 12.8%), while Almeria (8
barriers; 7.3%), Cérdoba (5 barriers; 4.6%), and Jaén (1 barrier; 0.9%) showed marginal presence.
Regarding material composition (Figure 6(b)), metal structures represent 41% (n = 45) of the total
sample, followed by composite panels 27% (n = 30), concrete walls 23% (n = 25), and polycarbonate
barriers 12% (n = 13), with a negligible presence of wood panels (< 1%). These values were calculated
from the total inventory (n = 110). The overall dataset is summarized in Figure 6¢, indicating both the
number of barriers and their combined linear extent (= 29 km).
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a) ALMERIA BCADIZ | CORDOBA W GRANADA WJAEN [ MALAGA BSEVILLA
Number of barriers Length of acoustic barriers (km)
MALAGA 2 2
cADIZ 28 62
SEVILLA 7 7
GRANADA 19 4
ALMERIA 8 23
CORDOBA 5 05

JAEN ! 1 03
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Figure 5. Composition of the Andalusian noise barrier inventory. (a) Number and total length of barriers by

province. (b) Distribution by material type.
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Figure 6. Distribution of noise barriers by CORINE land cover categories and barrier materials. (a) Proportion

of barriers by major land-cover category. (b) Material composition of barriers within each land-cover class.
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Finally, an interactive version of the database is publicly available through a MongoDB web
dashboard, allowing open-access visualization and filtering by material, location, and barrier length.
The dataset can be explored online at noise barrier database
(https://figshare.com/s/3e4ad137a72da4c57fd8), providing transparency, reproducibility, and
facilitating future updates of the Andalusian noise-barrier repository.

3.3. Surrounding Land-Use and Physical Context

Figure 6a displays the outcomes of the modified classification of CORINE Land use. The majority
of barriers (39 units,35. 4%) are found in or close to agricultural areas followed by urban areas (23
barriers,20. 9%) and industrial or service areas (29 barriers, 26. 4%) and finally nineteen cases (17. 3%)
are barriers that are situated close to forests and semi-natural areas. This distribution suggests that
rather than being found in environmentally noise-sensitive areas, these mitigation infrastructures are
primarily found in productive or heavily populated corridors.

The prevalence of barriers close to inhabited or industrial zones may indicate that mitigation
efforts have tended to concentrate on human activity hotspots rather than environmentally
vulnerable areas. Their closeness to industrial agricultural and urban areas may suggest a desire to
preserve areas that see frequent human activity or commercial activity, while natural environments
may receive relatively less attention due to their lower population and less exposure to public
scrutiny. Mitigation efforts may have focused on these areas because they are more visible and subject
to public pressure. The combination of land-use and material typologies (Figure 7b) also shows that
while composite and concrete barriers are more evenly distributed between urban and industrial
contexts, metal barriers are the most common across all land-use types especially within agricultural
and industrial areas. These trends imply that the choice of materials may be more influenced by the
type of infrastructure and the time frame of construction than by the surrounding environment.

A Conflictive noise points
(O Noise barriers

. Highway corridors
evaluated by SIRIVA

Figure 7. Spatial Distribution of Noise Barriers and Government-Reported Conflict Points in Andalusian

Capitals.

The overlay with the REDIAM protected-area layer showed that only five barriers (4.5%) of the
total cross areas that have been officially designated as protected. They are all found in Los
Alcornocales Natural Park (Cadiz). This small overlap suggests that the Andalusian highway barrier
network is currently barely present in environmentally sensitive areas.

The comparison between the observed classification and the CORINE dataset (Table 4) revealed
marked discrepancies in the spatial distribution of barrier surroundings. Over half of the barriers
(61.8%) were located in urban areas, while the CORINE data indicate that only about 20.9% of the
territory near highways corresponds to urban land use, producing a positive deviation of +40.9
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percentage points. Industrial and service areas accounted for 10.9% of the barriers compared to 26.4%
in CORINE, suggesting that these sites are generally less associated with noise-sensitive receptors.
Agricultural areas represented 23.6% of the observed barriers versus 35.5% in CORINE, and forests
and semi-natural areas (including water bodies) 3.6% versus 17.3%, reflecting the limited presence of
barriers in uninhabited or natural contexts. Overall, this manual verification shows that the actual
surroundings of noise barriers differ substantially from the general land-use patterns recorded in
CORINE, with barriers predominantly concentrated near populated and urbanized environments
rather than proportionally distributed across all land-cover types.

Table 5. Comparison between observed classification and CORINE distribution.

Level 1 Level-3 Observed CORINE A (%) Examples from field
General type (%) (%) ’ observations
Continuous urban Cities/towns,
Urban areas fabric; Discontinuous 61.8 20.9 +40.9 urbanizaciones, service/rest
urban fabric; area
Indll,lstrial / Indushjial or. 109 6.4 155 Industrial e.states, hospital,
Service areas commercial units educational center
. Complex cultivation Empty fields, greenhouses,
A 1 1
gricultura patterns; Olive groves; 23.6 35.5 -11.9 livestock, olive groves,
areas
Pastures abandoned plots

Forests and semi- . .. .
Bare rocks; Water 36 173 137 Cliffs, scenic viewpoint,

natural areas .
bodies lagoon

(incl. water)

According to the comparison of field-based observations and CORINE classifications, the
intricacy of the environments surrounding transportation corridors may not be adequately captured
by extensive land-use datasets. The scale and generalization effects that are inherent in CORINE data
may be the cause of the observed differences. Despite being subjective manual verification offers a
more thorough view of each barriers immediate surroundings and can enhance regional analyses by
enhancing official datasets. However, the interpretative nature of visual inspection and the lack of
temporal data on land-use evolution limits this strategy.

Significant variations in the representation of the surrounding environments of noise barriers
are found when comparing CORINE classifications with field-based observations. Barriers were more
often linked to populated or built-up areas in the field-based classification than the CORINE data
which has a tendency to generalize broad land-cover types. Given that manual inspection reflects the
immediate human-scale context and CORINE maps capture dominant land uses at a regional scale,
this disparity may be the consequence of different spatial resolutions and classification thresholds.
Although it is impossible to verify this relationship without comprehensive demographic or acoustic
data, the higher percentage of barriers identified close to inhabited or economically active zones may
indicate that mitigation infrastructures are more frequently placed in areas where population
presence and potential exposure are evident. All things considered; these findings highlight the
importance of adding field verification to generalized datasets in order to gain a deeper
understanding of the real-world context in which barriers are used.

3.4. Relationship with Sensitive and Conflictive Areas

The findings (Figure 7) demonstrate a limited spatial coincidence between conflict points
formally identified in the Action Plan and current noise barriers. A total of seven barriers were found
within these areas of reported exceedance: three in Seville, two in Cérdoba, and two in Granada,
while none were identified in Mélaga. The implementation of barriers appears to be in line with the
regional government noise-management priorities in highly urbanized road sections. The current
distribution of mitigation structures however appears to have been influenced more by
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infrastructural or visual factors than by acoustic exposure data as the overall number of coincidences
is still low in comparison to the total number of barriers recorded (110).

Since the current study was specifically focused on motorways it is clear that all of the identified
noise barriers are situated along these routes when contrasted with the SIRIVA corridors (highlighted
in blue in Figure 8). Nonetheless, barriers are comparatively rare among the road segments that the
Andalusian Regional Government has formally evaluated. In contrast, there is a higher concentration
of barriers along coastal motorways especially those that are not part of the main SIRIVA-prioritized
corridors. This spatial pattern indicates that the installation of noise barriers in Andalusia has been
uneven with a greater emphasis on coastal routes that are frequently traveled than on the areas that
have been formally assessed for environmental pollutants. The actual deployment of mitigation
infrastructures and monitoring activities need to be better coordinated as indicated by this imbalance.
These findings highlight the necessity of better integrating between acoustic monitoring frameworks
(SIRIVA and Action Plans) and the actual deployment of mitigation measures. In order to guarantee
that noise barriers are not only present along assessed roads but are also strategically placed in areas
with the greatest acoustic impact and population exposure, future revisions of the regional noise
strategy should give priority to those corridors where conflictive points continue to exist unprotected.

a) Noise_barrier.NB_paper_EN
STORAGE SIZE: 52KB LOGICAL DATA SIZE: 40.19KB TOTAL DOCUMENTS: 110 INDEXES TOTAL SIZE: 36KB
Find Indexes Schema Anti-Patterns Aggregation Search Indexes

Generate queries from natural language in Compass® | INSERT DOCUMENT |

Filter & ype a query: { field: 'value Reset Apply Options »

> _id: ObjectId('68b42e3e44422205d315d7ce") (/) () (w)(")
id: 2 T
Highway : "A-334"
PK: 72
PROVINCIE : "ALMERTA"
Coord_X : 577483.997
Coord_Y : 4135415.149
CP : 4006 577483.997
MUNICIPALITY : "ALBOX"
LAND USE : "Road and railway networks and associated land"

Figure 8. Workflow implementation in MongoDB and Python environment ((a) Query construction and data
retrieval interface in MongoDB Compass.(b) Python script for database connection and query execution in Visual
Studio Code.

The lack of correlation between conflictive points and existing barriers might suggest that the
locations designated as acoustically problematic have not always been directly associated with the
placement of mitigation infrastructure. Other factors might have affected the placement of barriers
such as project timing, technical viability or aesthetic considerations. The limited overlap may also
be a result of variations in traffic patterns or between the Action Plans reference periods and the
current field observations. More thorough temporal and acoustic data would be needed to verify
these aspects.
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3.5. Descriptive and Quantitative Analysis

A total of 87 barriers (79.1%) are located along the coastal and metropolitan corridors of Malaga,
Cadiz, Granada, and Almeria, while only 23 (20.9%) are found in inland provinces such as Seville,
Cordoba, or Jaén. This result confirms a strong geographical bias that favors areas with higher
population densities, traffic volumes, and visual exposure, leaving interior corridors largely
unprotected.

The provincial concentration indices reinforce this interpretation. The Herfindahl-Hirschman
Index (HHI), based on the provincial share of barriers, is 0.211 (*2,106 on the 0-10,000 scale), while
the Gini coefficient (G) equals 0.466. Both values correspond to a moderate-to-high concentration,
indicating that most noise barriers are clustered in a few provinces—chiefly Malaga, Cadiz, and
Granada—which together contain more than 65% of the total inventory. These quantitative results
align with the patterns observed in the density maps, confirming that mitigation infrastructure has
been unevenly distributed across the territory.

Functional alignment between infrastructure and acoustic priorities was also assessed. Only 7
barriers (6.36%) coincide with officially reported conflictive road sections from the regional Action
Plan Against Acoustic Pollution, with a 95% Wilson confidence interval of 3.1-12.6%. This limited
correspondence reveals a weak relationship between identified acoustic problems and the actual
implementation of mitigation measures. Furthermore, just 5 barriers (4.55%) intersect or border
protected natural areas (95% CI: 2.0-10.2%), all of them located within Los Alcornocales Natural Park
(Cadiz). The almost complete absence of barriers in ecologically sensitive zones suggests that
environmental or landscape criteria have played a minor role in infrastructure placement decisions.

3.6. Data Accessibility and Reproducibility Framework

To ensure open access and transparency, the final geospatial database created via MongoDB has
been made publicly available in a cloud repository (https://figshare.com/s/25de397d558308475b2d).
The dataset combines the derived spatial variables generated by GIS processing with field-recorded
attributes (location material length and contextual observations). To enable data filtering a
complementary set of Python scripts (https://figshare.com/s/bf52ad52b3adf809d8cb) has been created
in Google Collab linked with MongoDB. To run this code, you must link it to your MongoDB account
where your database is located. This enables users to interactively explore the database or incorporate
it into their own analytical workflows (Figure 8). This setup supports the long-term creation of a
standardized inventory of roadside noise barriers in Spain by offering a repeatable framework that
can be expanded with fresh field data or modified for use in different areas.

4. Study Limitations and Opportunities for Future Work

Several limitations should be acknowledged when interpreting the findings of this study. First
the analysis does not include direct acoustic measurements or modeling outputs that would enable a
quantitative evaluation of their efficacy, instead it is solely focused on the spatial identification and
characterization of current noise barriers. This dataset does not allow conclusions about their acoustic
performance under actual conditions despite offering a thorough overview of their location and
characteristics. Furthermore, the categorization of nearby land uses and local contexts depended on
accessible cartographic sources and visual inspection which could introduce uncertainties in
heterogeneous or rapidly changing areas.

Future research could expand this work in several directions. To better assess the implications
of barrier distribution for environmental justice a first step would be to integrate socioeconomic,
demographic and detailed noise exposure datasets. Furthermore, conducting in-situ measurements
or modelling the insertion loss of selected barriers would provide essential evidence on their actual
acoustic performance and allow comparisons across typologies, materials and environmental
contexts. Future developments of this research may involve establishing collaborations with other
universities and research groups to expand the geographic coverage and methodological robustness
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of the dataset. These collaborative efforts could support the preparation of national and European
research proposals aimed at exploring the feasibility of creating a standardized database of noise
barriers at regional, national, and eventually European scales. Such initiatives would allow the
methodology introduced in this study to evolve into a broader, coordinated framework for mapping
and assessing noise-mitigation infrastructure across territories.

5. Conclusions

By combining GIS processing field observations and open-source data this study offers the first
georeferenced inventory and spatial analysis of noise barriers along the Andalusian highway
network. Less than 1,6 percent of the highway network is made up of the 110 barriers that were found
to exist totaling about 29 km in length. Even though there are many sensitive and heavily populated
areas in Andalusia that are subject to traffic noise this scant coverage emphasizes how little
infrastructure has been put in place to mitigate noise.

The majority of structures are centered in urban and peri-urban areas where visibility and public
exposure are higher according to the spatial correlation between barrier locations and land-use
patterns. On the other hand, the fact that large swaths of rural areas are still mainly unprotected
indicates that the current barrier distribution and environmental sensitivity are out of sync. These
results suggest that rather than using a methodical acoustic planning approach, mitigation efforts
have probably given priority to the most noticeable areas perhaps as a result of social or regulatory
pressure.

Beyond its descriptive value, this works develops a scalable and reproducible geospatial
database that is made publicly available via a MongoDB cloud repository. The accompanying Python
scripts promote transparency and long-term monitoring by enabling data visualization filtering and
continuous updating. This open framework can be applied to other parts of Spain or incorporated
into larger European projects that support evidence-based environmental planning and standardize
data on noise mitigation.
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The following abbreviations are used in this manuscript:

GIS Geographic Information System
WHO World Health Organization
EEA European Environment Agency
IL Insertion Loss

GPS Global Positioning System
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SIRIVA Sistema de Informacién de Ruido Viario de Andalucia [Andalusian Road Noise Information System]
REDIAM  Red de Informacion Ambiental de Andalucia [Andalusian Environmental Information Network]
CNIG Centro Nacional de Informacién Geografica) [National Centre for Geographic Information]
WMS Web Map Service
CLC CORINE Land use (CLC)
SVRA Sistema de Valoracion del Ruido Ambiental [Environmental Noise Assessment System]
AQO Acoustic Quality Objectives
HHI Herfindahl-Hirschman Index
G Gini coefficient
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