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 The spatial distribution of sound pressure levels was analyzed in Funza, Colombia. This survey 

allowed the identification of several noise sources linked to human activities in the area. To 

accomplish this, 52 sampling points were distributed all over Funza; measurements were done 

during day and night time according to environmental regulations. With the sound pressure 

levels of each point an environmental noise map was generated for both, day and night time. 

This map was generated with the software ArcGIS 10.5 and compared with regulations. 

Compliance of environmental noise in Funza was evaluated with a land use cover map; this 

map was made applying Corine Land Cover methodology adapted to Colombia. Results 

obtained showed that, during day time 18% of the Funza area complied, while at night time is 

only 9.6%. The low percentage of compliance is related to high traffic in the main roads that 

flows to Bogota; in addition to El Dorado airport landing route located South West of Funza. 
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1. INTRODUCTION 

 

Nowadays, noise pollution is one of the most significant 

environmental problems that contemporary societies face. 

Noise pollution has become one of the major pollutants in 

modern cities [1, 2]. Within the main sources of noise found 

in cities are railways, airports, industries, and traffic. The latter 

is considered the source that most affects people, especially in 

areas with high population density [3]. Similarly, in recent 

years the local population has become very noise-conscious 

due to the exponentially growing air traffic [4]. 

About 50% of the European population lives in noise 

polluted areas. Approximately 40% of the population in the 

European Union is exposed to traffic noise with sound 

pressure levels above 55dB (A). Whilst, during the day around 

20% of the population is exposed to more than 65 dB(A) [5]. 

In Colombia for Bogotá city, sound pressure levels were 

measured between 70.8 and 82.3 dB(A) in Chapinero 

neighborhood while values between 76.3 and 84.3 dB(A) were 

measured in Puente Aranda neighborhood [6]. In Medellin city, 

the assessment of noise levels is part of the Metropolitan 

Development Plan of Valle de Aburrá. In this area, daytime 

noise levels range between 65 and 80dB (A) whilst night time 

levels range between 65 and 76 dB (A). In other sectors of the 

metropolitan area night time noise levels reach 80dB(A) [7].  

Constant exposure to noise causes several health effects 

such as respiratory, cardiovascular, digestive, visual, and 

endocrine diseases [8]. It can also affect body systems such as 

the nervous system. Additionally, noise can affect reading, 

focus, problem- solving, and memory [9]. 

According to the European Commission, constant exposure 

to noise alters sleep patterns, affects children’s cognitive 

development, and causes psychosomatic illnesses [8]. Loud 

noises, regardless of their duration, cause fatigue in auditory 

sensory cells and temporary hearing loss. Also, some people 

may be prone to hearing loss as a consequence of noise, 

genetic predisposition, chronic diseases (e.g. diabetes) and 

exposure to tobacco smoke [10].  

In Colombia, there are agencies in charge of the 

environment quality control as well as assessments and 

activities related to compliance of national regulations. 

Several complaints related to noise pollution have been made 

during lasts years. For this reason, investments have been 

made in order to understand the behavior of this pollutant [11].  

In order to reduce the effects of environmental noise on 

areas with large population (>100,000 inhabitants, the 

European Union through Directive 2002/49/EC, defined a 

common integrated approach to prevent exposure of the 

population to high levels of noise [2].   

In order to develop strategies to mitigate the adverse effects 

of noise pollution, it is important to understand how the noise 

pollution behaves in a particular zone. Noise mapping has 

been suggested for the development of such policies for 

effective noise assessment and proper noise reduction [12, 13]. 

Noise maps are the most common tool to achieve this as it 

helps to assess the efficiency of short, medium and long term 

corrective actions. These maps are important tools for urban 

planning, land use management, and identification of sensitive 

areas to noise caused by specific activities or infrastructure 

[14]. Spatial distribution of noise levels is important to assess 
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the impacts of noise on human health. This allows us to 

identify which sources of noise are causing damage and 

prioritize strategies to mitigate the effects on human health.  

Uses of land and landscape are considered in current 

research to estimate noise levels in cities [15-18]. The aim of 

this work was to analyze the spatial distribution of sound 

pressure levels in Funza, Cundinamarca. This using day and 

night time noise maps, as well as noise dynamic through land 

use cover maps. Additionally, it was evaluated which zones 

compliance with environmental regulations. 

 

 

2. METODOLOGY 

 

2.1 Study area 

 

The city of Funza is located in Department of 

Cundinamarca at coordinates 4 ° 43′3 ″ N, 74 ° 12′34 ″ W, with 

an elevation of 2548 meters above sea level and an average 

temperature of 14℃. The municipality has a total of 103,509 

inhabitants. 

 

2.2 Characterization of environmental noise 

 

A quick assessment in the municipality of Funza was done 

during one day. During this assessment the main noise sources 

were identified in the study area (e.g., main roads, El Dorado 

international airport, and high commercial activity) as well as 

the sensitive receptors to noise (e.g., residential areas, 

hospitals, schools, development centres and libraries). 

Facilities and human settlements were absent in the rural area. 

There were 52 sites monitored from 2019-03-01 to 2019-

03-31, during day (7:01 to 21:00) and night (21:01 to 7:00) 

according to Ministerio de Ambiente y Desarrollo Sostenible 

en Colombia (2006) [19]. All the sampling points (Figure 1) 

were georeferenced and describe at least one land use cover 

according to the Corine Land Cover classification system 

adapted to Colombia [16]. Zones, subzones and maximum 

noise levels allowed are described in Table 1. 

In each sampling point the measurements were carried out 

with a sound level meter PCE – 428 class II (calibrated to 94 

dB) placed 4m height from the ground. Each measurement last 

15 minutes and was composed of five partial measurements. 

Each partial measurement corresponded to the direction of the 

microphone (North, South, East, West, and upwards) for three 

minutes. During the measurements the microphone was 

protected with a wind screen and was placed on a tripod. 

Additionally, wind speed was measured with a Topker 

GM8908 anemometer verifying that this last one don not 

exceed 3 m/s. The data collected were analyzed with the 

software Post-Processor SLM file – PCE 1.6, this is acoustical 

measurement and analysis software, this is developed based on 

ISO standard requirements. Finally, data were classified 

according to maximum allowed environmental noise levels - 

dB(A) (Table 1).

 

 
 

Figure 1. Location of the sampling points for environmental noise in Funza, Cundinamarca 
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Table 1. Maximum environmental noise levels allowed - dB (A) 

 

Zone Subzone 

Maximum allowed 

environmental 

noise levels - dB(A) 
Day Night 

Zone A. Quietness and silence Hospitals, libraries, day cares, nursing homes, and geriatric homes 55 45 

Zone B. Quietness and moderate 

noise 

Urban residential zones, hotels, and lodging houses 
65 50 Primary and secondary schools, universities, and research centres 

Urban parks other than outdoor mechanical parks. 

Zone C.Intermediate restricted 

noise 

Industrial zones like ports, industrial parks, and free zones 75 70 

Commercial zones like shopping malls, recreational centres, and casinos 70 55 

Zones for offices and public institutions 65 50 

Zones for related uses like mechanical outdoor parks, and roads 80 70 

Zone D. Rural or suburban zones 

of quietness and moderate noise 

Surburban residential zones 
55 45 Inhabited rural zones for agricultural exploitation 

Outdoor leisure and relaxation zones like national parks and natural reserves 
Source: Resolution 627/2006. Ministry of Environment and Sustainable Development (Colombia) 

 

2.3 Land cover characterization 

 

The land cover classification was based on a Sentinel -2 

satellite image from 2018 (USGS Earth Explorer, 2019) 

(Figure 1). The image was analyzed with the software ArcGIS 

10.5 following the Corine Land Cover methodology adapted 

to Colombia. This method allows classifying land uses through 

main levels (artificial surfaces, agricultural areas, forest and 

semi-naturals areas, wetlands, and water bodies), each level 

with a more specific category than the previous one [20], for 

this study third level land cover classification was determined. 

The analysis of the data is based on three maps of land cover 

use. 

 

2.4 Noise mapping  

 

Day and night time noise maps were generated with the 

software ArcGIS 10.5 based on the spatial distribution of the 

sampling points, ArcGIS® is a Geographic information 

system, a computer-based tool by which can visualize, store, 

process, and analyze geographic data, to finally, create maps 

and reports [21]. Each sampling point has the following 

information: sound pressure levels and geographic coordinates. 

Sound pressure levels of day and night time were interpolated 

with the Inverse Distance Weighthing (IDW) method, 

available within the Geostatistical Analyst tool of ArcGIS 10.5. 

IDW is very popular techique in GIS, estimates are made from 

values at nearby locations weighted only by distance from the 

interpolation site, this method is classified as a deterministic 

approach allowing to interpolate the information available 

from sampling points to non measured sections of the study 

area [21]. The simplified formula for IDW as shown in Eq. (1). 
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(1) 

 

V0 is the predictable value at point 0, Vi is the value at 

control point, Di is the distance between control point and 0, 

and n is the number of known values used in the evaluation 

[17]. 

The output was classified according with the environmental 

regulation of Colombia, grouping the classes every 5 dB(A). 

The noise distribution according to land use in Funza was 

analyzed. For this, the environmental noise and land use cover 

maps were overlapped. For each class it was evaluated if the 

noise values comply with the regulations. Additionally, it was 

analyzed if there is a correlation between land use and noise. 

 

 

3. RESULTS 

 

3.1 Continuous equivalent sound pressure levels in Funza 

 

During daytime 71% of the sampling points the sound 

pressure levels are below the maximum allowed. Whereas 

29% of the sampling points do not comply (Figure 2). On the 

other hand, during night time sound pressure levels did not 

have a significant change. In 88% of the sampling points these 

levels are above the maximum allowed, meanwhile only 12% 

of these points comply (Figure 3). Regulations are more 

restrictive regarding night time levels, at this time should be 

quieter as rest is needed. The results are not as expected, at 

some points noise levels were higher than at day time. 

 

 
 

Figure 2. Sound pressure levels day time compliance 

 

 
 

Figure 3. Sound pressure levels night time compliance 
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It is important to underline that sound pressure levels in 

zone A should not exceed 55 dB(A). However, in this case the 

sound pressure levels reached 64 dB(A). In this zone is located 

the hospital and is affected by the traffic in the road connecting 

the towns of Funza and Siberia.  

One of the points with high sound pressure levels is El 

Dorado airport. This point has 84 dB(A), which means 4 dB 

(A) higher that the level allowed. The industrial parks Big Cola 

and Pepsico factory should be in the subzone related to 

industrial and commercial activities; however, the sampling 

points were close to a main route and a highway nearby. For 

this reason, the sound pressure levels were compared with 

sector C5, leading to a less restrictive maximum levels allowed 

(80 dB(A)). The sound pressure levels for these sites were 72.3 

and 74.3 dB(A) respectively. In total, six schools were 

monitored; three of them comply according to the maximum 

levels allowed for zone B. 

 

3.2 Land use cover map of Funza  

 

Figure 4 shows the classification level 3 of Corine Land 

Cover adapted to Colombia. This level includes 13 land use 

types: continuous urban fabric, discontinuous urban fabric, 

industrial or commercial units, road and rail network, airports, 

sport and leisure facilities, greenhouses, pastures, wooded 

pastures, crop matrix, pastures and crops matrix, wetlands, and 

water courses. 

 

 
 

Figure 4. Land use cover map of Funza 

 

3.3 Noise map of Funza  

 

Figure 5 shows the noise map during day time in Funza. The 

sound pressure levels ranged between 45 dB(A) to 85 dB (A). 

Lowest levels were measured in areas without industries or 

greenhouses, far away of the city centre. In the urban zone 

sound pressure levels ranged between 50 dB(A) and 65 dB(A), 

the lowest (45dB(A) to 55 dB(A)) were measured in some 

residential areas. Meanwhile, the highest sound levels (70 

dB(A) to 80 dB(A)) were recorded in the road connecting the 

towns of Funza and Siberia. 

In the rural zone sound pressure levels vary from 55 dB(A) 

and 70 dB(A). However, it is important to underline that in one 

of the points (greenhouse – flora) sound pressure levels 

reached 71.3 dB(A) because of traffic flow in and out of the 

site during the measurements. 

Celta industrial complex is located in a rural area, however 

high levels were found due to heavy cargo transport. The 

highest sound pressure levels (75 dB(A) to 85 dB(A)) were 

measured at the South West of Funza. This is because at this 

location is the beginning of the landing strip of El Dorado 

airport. Additionally, there are more points with high sound 

pressure levels as Funza is influenced by the landing route. 

One of these points is the bridge of Humedal Guali which 

reached 78.31 dB(A). 

 

 
 

Figure 5. Environmental noise map during day time in Funza 

 

 
 

Figure 6. Environmental noise map during night time in 

Funza 

 

Sound pressure levels during night time ranged between 40 

to 85 dB(A) (Figure 6). The lowest noise levels (45 to 80 dB 

(A)) were recorded in the rural area at North West. In this zone, 

the lowest levels were found in residential areas while the 

highest in the main road of Funza. At night time the point 

located at the bridge of Humedal Guali also had the highest 

sound pressure level (81.3 dB(A)). 

The main highways showed the highest sound pressure 

levels in both, day and night time noise maps. This is because 

high traffic flows in two main roads of Funza. The first one 

connects Funza with industrial parks and the main road to 

Bogotá (from South West to North East). In this road there is 

high cargo movement from and to industrial zones and 

warehouses, public transport and other vehicles. The second 
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road known as Calle 15 crosses the urban area of Funza from 

South East to North West. In this road run public transport and 

other vehicles. 

 

3.4 Relationship between sound pressure levels and land 

use cover in Funza 

 

Figure 7 shows noise distribution (day time) according to 

the land use cover in Funza. In this map the Airport class has 

noise pressure levels between 70 and 80 dB(A). On the other 

hand Greengouses has different noise pressure levels: 55 

dB(A), 60 dB(A) and 70 dB(A), meanwhile in Recreational 

Facilities noise pressure levels reached 55dB(A). 

The class road and railway network were represented 

mainly by the road connecting Funza and Siberia and the road 

Calle 15. In the first one, the sound pressure levels ranged 

between 70 and 75dB(A). Meanwhile, in the second one, the 

levels varied from 60 to 65dB(A). The reason of these values 

is the high traffic flow in the two roads. 

Bogotá river flows in the South East side of Funza and 

represents the class Rivers. This class is influenced by the 

landing route of El Dorado airport and has high sound pressure 

levels (70 to 80 dB(A)). The class Swamp Areas is represented 

by Humedal Gualí. As it crosses Funza, there was not possible 

to determine specific sound pressure levels for this class. In 

this case, the sound pressure levels vary according to the land 

cover surrounding the wetland.  

 

 
 

Figure 7. Day time isophones and land use cover in Funza 

 

The class continuous urban infrastructure did not reach high 

levels (55 to 65 dB(A)) because is mostly composed by 

residential areas. On the other hand, the class Industrial or 

Commercial Areas reached sound pressure levels between 65 

and 75dB(A). 

The correlation between sound pressure levels distribution 

during night time and land use cover in Funza is shown in 

Figure 8. During night time, the sound pressure levels of most 

of the land use classes increased by 5dB(A). Contrary, sound 

pressure levels of Airports decreased during night time to 

60dB(A). 

Pastures, Crops matrix, and pastures and crops matrix are 

distributed all over Funza, for this reason it is difficult to 

determine correlations between noise and land use for these 

classes. In these areas there is not a sound barrier and the noise 

behaviour trend to vary for this reason. Besides, during field 

work it was clear that the airplane pathways affect the sound 

pressure levels. However, it is not clear yet as noise trends to 

dissipate in the atmosphere [22]. 

 

 
 

Figure 8. Night time isophones and land use cover in Funza 

 

 
 

Figure 9. Regulation compliance during day time with 

respect to land use in Funza 

 

 
 

Figure 10. Regulation compliance during night time with 

respect to land use in Funza 
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Figures 9 and 10 show the regulation compliance with 

respect to land use in Funza. At day time 18% of Funza comply 

while at night time is only 9.6%. The low compliance 

percentage is because the high traffic that affect all over Funza, 

besides the landing route of El Dorado airport. These two 

factors increase the sound pressure levels in crop zones. 

 

 

4. CONCLUSIONS 

 

The highest sound pressure levels were recorded in the 

sampling points along the main road. These points also 

covered the classes Road and Railway network during both, 

day and night time (Figure 5 and Figure 6). The high sound 

pressure levels were related to high traffic from and towards 

industrial zones and Bogotá. However, the sound pressure 

levels measured in these points complied the regulation for 

Sector C5 (daytime: 80 dB(A); nigh time: 70 dB(A)).  

Airports are relevant noise sources influencing cities and 

towns nearby. El Dorado airport influenced sound pressure 

levels in Funza, due to take off and landing of airplanes.  

The low percentage of regulation compliance found in this 

study could lead to health issues for Funza population. 

The spatial analysis of sound pressure levels from land use 

cover could help to mitigate impacts of noise pollution. Only 

if there is a complete survey of the study area and considering 

that in the towns most of the land use cover is mixed. 

The territorial planning of each city is fundamental for the 

noise impact mitigation. In addition, land use planning is a tool 

that helps to reduce the exposure and frequency of population. 

Thus, city planning is a relevant strategy because it orders the 

land uses, distancing those with the highest noise generation 

from sensitive receptors. The planning of Funza’s territory 

should be carried out together with the city of Bogotá. This 

because the results of the study showed that Bogotá influences 

the sound pressure levels in Funza.   

Hours on traffic restriction must be implemented at night 

time since these are the most sensitive hours and where the 

greatest discomfort occurs. Finally, based on these results, it is 

recommended that the environmental authorities start annual 

measurements of environmental noise and noise emission in 

Funza, as well as noise maps production as a tool to mitigate 

noise pollution impacts. 
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