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Abstract  
Light pollution in an urban environment is gaining interest due to its relevance for causing health problems, 
threatening wildlife. In this study, the authors measured light pollution in urban environments in a typical small study 
area (the city of Székesfehérvár, Hungary). The goal of the study was to analyse how well crowdsourcing could be used 
to detect urban light pollution. One type of measurements was carried out with the Sky Quality Meter which can be 
directly used to measure night sky quality. Parallel we used mobile phone equipped with an ambient light sensor with a 
freely downloadable software Lux Light Meter which is measuring lux. The results were processed and analysed in 
ArcGIS. During the test, we used approximately 70 measurement points in each study areas. We found that although 
parks are not affected by light pollution as much as blockhouse area, they are not suitable to investigate night sky 
properly. 
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INTRODUCTION 

The process that started when the incandescent light bulb was invented is now in an advanced state. This process is light 
pollution, which has led to the threatening of wildlife, human health, and a kind of nightlife that is part of our cultural 
heritage. Also, we should be aware of the fact that it is a great waste of energy, with many negative effects on our lives. 

We can distinguish three types of light pollutions. (1) Ecological light pollution (Longcore & Rich, 2004) is an effect on 
the biology and ecology of species in the wild. It means that the effects of artificial lights can have a positive but mainly 
negative impact on species, in some cases even it can lethal. (Horváth, et al, 2009). (2) Astronomical light pollution 
(Cinzano et al, 2001) is the phenomena when the natural night sky cannot be observable because of artificial light. To 
reserve natural night sky some night-sky protected areas were established (Kolláth, 2010). (3) Impact on human health, 
specifically harming effects on the human body are the consequence of counterfeit light that negatively affects 
melatonin delivered by the pineal organ. Light pollution can be associated with many health problems such as breath 
cancer (Kloog et al, 2010). 

In Hungary the 211/2012 [VII. 30.] Government Decree on National Settlement and Building Requirements defined 
first this phenomenon. According to the decree, light pollution is a disturbing light that is above the horizon or not only 
points to the area what should be illuminated and or not for the appropriate period, thereby causing glare, an artificial 
glare of the sky or damaging physiological and environmental effects, including negative effects on the wildlife.  

In the decree, the trespassing by light pollution is also mentioned. Trespassing is the light that falls on the buildings and 
surrounding the illumination area, causing dazzling or other discomforts. Lights on the windows, which disturb the 
night rest, require special attention.  
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To eliminate light pollution, additional nature-friendly lighting solutions can be used, such as fully shielded lamps 
towards the sky and neighbouring buildings, flexible illumination towards the level of traffic (Bruehlmann, 2014). 

There are light pollution maps available (Bruehlmann, 2014), based on satellite images or in case of Falchi et al, 2016, 
their world atlas of artificial sky luminance, computed with their light pollution propagation software using new high-
resolution satellite data and approximately 350,000 sky brightness measurements. In this paper, we also use their atlas 
as a reference data to compare to our measurements. 

The above-mentioned solution does not give detailed information about light pollution within certain cities, therefore 
we used our project-based teaching method to gain more information about the value of light pollution within the city of 
Székesfehérvár. The goal of our case studies was to (1) detect whether it is possible to measure light pollution within a 
city and (2) to compare possible methods for measurement techniques in a potential crowdsourcing campaign. In the 
measurement, our focus was mainly to detect light pollution which can be disturbing for locals. 

PROJECT-BASED LEARNING APPROACH 

We were involving students in a different type of project-based learning methods, in this way we have certain research 
topics to investigate with the students as a model for crowdsourcing like fear of crime, noise and light pollution. (Pődör 
et al, 2019). Distinctive learning techniques have been portrayed by researchers. The most popular is crafted by Dewey, 
Piaget and Vygotsky on joint effort and collaboration between rises to (Wood 1994; Pound 2005). Different hypotheses 
incorporate behaviourism, learning styles, multiple intelligences, constructivism, constructionism right brain/left brain 
thinking (Cuthell 2005). Training for a long time bolstered the learning procedure called behaviourism in the 
educational plan of surveyors at our college. Behaviourism is a learning procedure which is based on redundancy and 
affirmation. The instructor transmits the learning material, the students retain repeats and compose it. Behaviourism was 
the main learning strategy for the vast majority of the previous century. The other conventional strategy is cognitivism, 
which implies that during the learning procedure we make a model about the outside world and we make it interior. 
Teachers should present an appropriate model with their metacommunication (Kulcsár 2008). 

Throughout the past years our university made efforts to introduce new types of learning methods in education. New 
sorts of learning techniques, similar to Bruner's constructivist (Bruner, 1966) hypothesis, made it important that the 
conventional instructive strategies should have been totally transformed. His hypothesis certifies that learning is an 
active procedure and that students build new thoughts through their knowledge. In this procedure, students can choose 
data, information, form hypothesis and make decisions. Then again, teachers have an alternative job. Teachers need to 
change exercise resources into a structure that the students can comprehend and encourage them to gain experiences on 
their own. Utilizing Bruner’s technique the teacher should plan the educational program such a way that it expands on 
what students have known and gains ground and advancement with the students’ dynamic work in new fields (Smith 
2002). As such, we made endeavours to change a part of our GIS course. The idea is that the teacher is not to teach the 
students; instead of this, the teacher becomes a mediator of studying. Students construct understanding and draw their 
conclusion through creative experimentation 

In this manner, we designed a project-based learning style. 

This kind of subject can aid those learning principles where the students are in the centre.  

Some characteristics of the classes are: 

•  Active learning against passive. 

• The autonomy of the students. 

• Assuring extracurricular learning. 

• The connection among students are equal, the teacher acts rather like a mentor. (Pődör, 2011) 

This GIS subject can model the workflow from data acquisition, database design, analyses to data publication. Each 
year the teacher generates a project which is suitable to present the students the whole process. In each project the 
students had to go through several steps consistently: 

• Geodatabase design, 

• Data acquisition, 

• Processing of the collected data, 

• Control of the accuracy of the data, 
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• Analysis of the data, 

• Querying of the data, 

• Publication of the data. (Pődör, 2011) 

METHODS 

As project-based learning (PBL) method and a possible model for crowdsourcing, we have been performing light 
pollution measurements since 2015. In this study we introduce a high density measurement with SQM-L equipment 
(since 2017), and a comparative study with SQM-L and a mobile device (since 2018). In both cases we processed 
mesurement data with ArcGIS software using Inverse Distance Weighting (IDW) interpolation method. 

Preliminary measurements in Székesfehérvár 

In 2017 we accomplished a noise measurement campaign to demonstrate that it is possible to discover differences 
within street segments in light pollution. According to lightpollutionmap.info, in Székesfehérvár on a Bortle scale, the 
outskirt of the city can be categorized as class 5, the inner part of the city as class 6 in 2015 which equals to a suburban 
sky on the scale (see Table 1.). Bortle scale, used by astronomers, is a nine-level scale where scale 1 means excellent 
night sky in contrast 9 means inner city sky (Bortle, 2001). According to the recent scale of the map, we could not get 
more detailed information. 

Table 1. Zenith sky brightness info about Székesfehérvár from lighpollutionmap.info  

Coordinates  47.17610, 18.43431 47.19365, 18.41097 47.19443, 18.40916 

Sky Quality Meter (SQM) 20.04 mag./arc sec2 19.31 mag./arc sec2 19.31 mag./arc sec2 

Brightness 1.04 mcd/m2 2.05 mcd/m2 2.05 mcd/m2 

Artificial brightness 872 μcd/m2 1880 μcd/m2 1880 μcd/m2 

Ratio 5.10 11.0 11.0 

Bortle class 5 class 6 class 6 

Elevation 108 meters 106 meters 113 meters 

 
The last column is the main street in Székesfehérvár, Fő street. As a preliminary study, we wanted to investigate the 
inner part of Székesfehérvár (e.g. Fő street) to see how global estimation and local measurement can coincide. 

Following the PBL method, first we selected the measurements points. As part of the selection process, we created 
maps with pre-marked and numbered points. The points were selected in a way that they should have been at equal 
distances from each other in order to get homogeneous result. 

The number of points was determined by the cross-section and length of the streets. As indicated in Figure 1, we 
categorized streets into three groups, where we defined different sample density. In narrow streets, we have less, on the 
widest streets and squares, we have several parallel measurements. 
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Figure 1. Arrangement of the measurement points in the different street categories 

As part of the planning process, we have chosen 23:00 as the starting time, as the external light and the number of 
passers-by is already uniform at this time, and 03:00 as the end time, as it will start brightening and pedestrians and 
passers-by will appear, and it may influence the results. 

Along the pre-planned route, measurements were taken. Some details about the measurements: 

•  Date of measurements: 01/11/2017–14/11/2017 

• Measuring period: 23:00–03:00 

• Number of points measured: 712 

A comparative study in Székesfehérvár 

We thought that it is important to use the mobile phone measurement option because in this case, it is enough to install 
only one software, and it is not necessary to buy a special device, and thus more people can be involved in the voluntary 
measurements. In this study, we chose two sample areas inside the city. Both of them comprises from a local park with 
a lake where presumably light pollution is less to a blockhouse area where light pollution is probably higher.  

Table 2. Some details about the comparative measurement  

Study area Study area A Study area B 

Date of measurements 20/11/2018 08/11/2018. 

Measuring periode 22.00-24.00 22.00-24.00 

Number of points 
measured 70 63 

Environment 
The temperature ranged 

from (+2) to (+5) ° C. The 
sky was cloudy all night 

The temperature ranged 
from (+2) to (+5) ° C. The 

sky was moonless.  
 
In both cases, we measured the area around the lake in such a way that the points fill the measurement area at a 
relatively equal distance from each other, like a lattice structure. In this way, homogeneity between points was 
maintained. In both cases, we measured parallel with the SQM-L and the mobile device. 

Equipment and software 

A high sensitivity photometer was selected for the measurement. The Sky Quality Meter was designed by Unihedron, 
the exact type what we used was SQM-L. It measures the brightness of the night sky in magnitudes per square arc 
second (Unihedron). 

This instrument is utilized generally for light pollution checking. SQM-L is handheld equipment; it gathers the light 
from a moderately large angle. SQM-L is temperature-adjusted and gives the luminance with the accuracy of 0.1 
mag/arc sec2, which is comparable to 10 per cent in a direct luminance (cd/m2) units (Cinzano, 2005) 
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The instrument is simple to operate, holding down the single button on it and it will print the value, which is the 
brightness value at that point. At each point, we recorded the measurement value and moved on to the next point. 

In the comparative study, we wanted to include the possibility of mobile measurements, therefore we chose one 
software. In this case, the software is using the camera of the mobile phone. The equipment was the Huawei P10 Lite 
mobile phone and we used Lux Light Meter software on it. 

The Lux Light meter phone application is installed on the phone for brightness measurement. This program uses the 
phone’s light sensor to determine the intensity of light in each location. This measurement was done continuously by 
the application, so when it was necessary, we have just looked at our phone and the result have been printed. 

This application can measure light intensity in two units, FC (foot candles) and LUX. We used the latter in our 
measurements. Illumination is the luminous flux incident per unit area, so its unit is lm/m2. As this unit also occurs 
frequently, it has also been given a separate name: lux and its abbreviation is lx. Holding the mobile device at chest 
height, horizontally towards the light source, the software displays the value immediately. 

RESULTS 

The results of the preliminary test measurements clearly showed that with this method it is possible to detect spatial 
differences in light pollution. On Figure 2, we can see the interpolated results of the measurements. On the map, the 
blue colour indicates fairly darker areas, meanwhile yellow and red colours display strongly illuminated areas. Photos 
from StreetView give an explanation behind the darker areas: one site is under construction, the other one is partly 
planted with trees that provide protection from light pollution. 

 

Figure 2. The results of high-density measurement reveal spatially diverse light pollution. Google StreetView photos. 

The opposite case is also well observable on the map, as the street lights used in front of the theatre provide very strong 
illumination at night, however, there are no private homes in this area, so this is not disturbing for those living nearby in 
the area. 

 

Figure 3. The results of high-density measurement in front of the theatre. Google StreetView photo. 
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Comparing the results of the lightpollutionmap.info (see Table 1) to our map (Figure 3) we can declare that high-density 
measurement can provide greater distinction within street segments. Also, globally lightpollutionmap.info can give a 
very good estimation which is corrected with on-site measurement usually with SQM. Although if we look at the 
histogram of the measurement (Figure 4) we can conclude that the majority of the measurements is less than the 
estimated one. This can be the result of the scale, as in the outskirts of the city there are huge industrial parks which 
would enhance the level of light pollution to a great extent. 

 

Figure 4. Histogram of the high-density measurement 

Generally, it is very difficult to compare the results of the two parallel measurements as the two devices measure 
different things because they were designed for measuring contrasting things. In the case of Lux meter, we were 
interesting in how much light the lamps are emitting, in the case of SQM-L we are concerned about how dark is the sky, 
how well stars and planets are observable. Although in this case, visual interpretation can support the idea that both 
types of equipment can uncover illuminated areas within the neighbourhoods. Similarly, they indicate darker areas as 
well. 

The visual interpretation of the comparative study (Figure 5) shows that although we can notice slight differences 
between the two type of measurement, both clearly indicates the highly illuminated areas and darker areas. At Case 
Study A we can notice that the bus station and traffic junctions are well illuminated, but inside the blockhouse area (in 
the middle of the map) there is not much light, allowing those living there to rest at night. At Case Study B we can 
experiences brighter lamps along the lake, and similarly, at the edge of the park, we can see brighter lamps. 
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Figure 5. The interpolated results of the parallel measurements at Case Study A and B with the measurement points. 
Map source: OpenStreet Map. 

As we measuring different phenomenon, we expected a negative correlation between the parallel measurements. At 
Case study A Pearson product-moment correlation coefficient was r=-0,7207428, at Case study B r= -0,85113497. 
These results also support that both approaches can be used in a crowdsourcing campaign, however during data 
processing and interpretation we need to pay attention to what data we are working with. 

CONCLUSION 

Light pollution is recently recognized as a serious environmental pollution problem. It has many aspects, one of them is 
the connection and correlation between light pollution and certain illnesses. As lightpollutionmap.info can give a very 
good overview of light pollution situation all over the world, if we would like to detect light pollution trespassing within 
the neighbourhood level, it is necessary to execute high-density measurement campaign. In general, very good 
equipment for this is SQM-L meter, although it is necessary to purchase it. This equipment is also used by many 
amateur astronomers and also in various crowdsourcing campaign, Another option for detection of over illuminated 
areas the usage of our mobile devices with appropriate software installed on it. In our study, we used Lux Light Meter, 
as freely downloadable software. In our study, we compared the results of the devices with parallel measurement and 
we have found that there is a strong negative correlation between the results. As one equipment is detecting darkness, 
the other is brightness, so these results support that both approaches can help us to create a detailed map of the light 
pollution situation in our neighbouring areas. 

For visualization of the results we used IDW interpolation method. We had to be careful to use reverse colour-coding of 
the results. With this simple mapping method we could create maps which were suitable for visual interpretaton and 
comparison. Not only the negative correlation of the measurement result of the different methods, but the visual 
interpretation of the maps confirmed that both equipment and method can reveal overlit areas. 
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