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Introduction 

When analyzing noise exposure, it is often necessary to iden-
tify noise hotspots. Particularly when the scope of possible 
measures is limited, for example for financial reasons, it is of-
ten necessary to evaluate where measures should be priori-
tised for implementation. While simple methods can be used 
in smaller communities, the same standards often result in an 
unmanageable number of noise hotspots in larger cities. The 
paper summarises various known methods for identifying 
noise hotspots and identifies advantages and disadvantages. 
In addition, new methods are presented which can be used to 
cluster noise hotspots even for large-scale mapping. The main 
aim of this is to combine spatially related noise exposures in 
such a way that line-related measures, such as low-noise road 
surfaces or speed limits, can be considered efficiently. 

Identification of Hotspots 

When identifying noise Hotspots, not only the noise level is 
of concern but also the resulting noise exposure. Noise expo-
sure is relevant in terms of the environmental noise directive 
when people are affected at their homes (in addition: schools, 
hospitals etc. Those will not be covered in this paper). An ex-
ample is shown in Figure 1: Large areas visible with relevant 
noise levels are not inhabited, the highest noise levels are 
found in areas of railway infrastructure.  

In short, the following questions arise: 

- “Where do we find high noise levels?” 

- “Where are people affected by noise?” 

 

Figure 1: Noise map from the environmental noise mapping 

of national railroads (EBA)  
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Single value 

For a prioritization of Hotspots, a single value is preferred 
which can combine noise level and noise exposure in terms of 
people affected. An example for such measurement is the 
“LärmKennZiffer” (LKZ). The LKZ takes the noise level 
above a selected threshold in dB, multiplied by the people. A 
variety of methods exists, taking different approaches into ac-
count. An overview, including a more comprehensive de-
scription as well for the LKZ as for e.g. NoiseScore and 
UCEden, is published in [1]. 

Merging 

Besides the combination of noise level and noise exposure, 
another step needs to be made to make an evaluation of large 
areas viable. The resulting single value, derived in general 
from façade noise levels – points –  is merged to geometric 
features. In the first step, those features can be the buildings 
itself. However, this translates back to a “point” information 
for larger areas. 

Merging to areas 

The first approach is to summarize all points in a certain area. 
Used in Germany is a hectare grid. For an area with an edge 
length of 100 m each, the single value (e.g. LKZ) is added. As 
all features have the same area, the result of the sum is directly 
usable for prioritization: “LKZ per hectare”. An example is 
shown in Figure 2 for the same area as in Figure 1. The LKZ 
grid clearly shows that Hotspots are not located in open areas 
with high noise levels but adjacent to those, where a high 
number of inhabitants lives. 

 

Figure 2: LKZ grid from the environmental noise mapping 

of national railroads (EBA) 
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Merging to a fixed grid poses some problems regarding repro-
ducibility, e.g. when the reference point and thus all grid areas 
are shifted. An example is shown in [1] together with a “mov-
ing average”. 

Figure 3 shows a 250 m grid, summarizing the LKZ of shown 
façade receivers (points). Colours indicate the sum (red: high, 
yellow: low). With a shift of the grid, the prioritization (i.e. 
the sum of LKZ) might change, showing different areas of 
high LKZ. 

As a possible solution, the moving average is demonstrated in 
Figure 4. Here, for a finer grid of 25 m each, the sum is cal-
culated in circular distance. As a result, the areas which have 
a comparable high average in the selected distance, are shown 
by gradually higher sums.  

 

Figure 3: Façade receivers (points) and summarized grids  

 

Figure 4: Façade receivers (points) and moving average grid 

However, while a prioritization with grids might still be viable 
in certain extensions (e.g. municipalities), a “moving aver-
age” grid provides too many grids to consider. In addition, 
noise exposure is contained in multiple grid areas. For larger 
areas, this approach might fail. Even the selection of “highest 
100 grid areas” could provide duplicates of the same area. 

Lines 

Another approached used in noise action planning is merging 
before mentioned façade receivers to adjacent line segments, 
in this case the noise sources itself: roads or railways. Exam-
ples can be found e.g. in the noise action plan of Berlin [2], 
but also in other, smaller municipalities. In Figure 5 and 6, an 
example for the City of Flensburg is shown. The houses 
marked in Figure 5 contribute to the LKZ, summarized and 
joined to the nearest line source. The LKZ is then normalized 
to the length of the line to make the results comparable. With-
out normalization, long line segments could receive a too high 
priority, short segments would be neglected. 

In urban areas, this approach shows its feasibility: In general, 
the line segments are split at junctions, limiting the length of 

the segments. No automatization is required beforehand. For 
rural areas, line segments could be too long without pro-
cessing beforehand. Automatic splitting could be done, e.g. to 
lengths of several hundred meters each. In both cases how-
ever, joining of adjacent segments could be necessary to re-
duce the number of hotspots found. 

 

Figure 5: Buildings >65 dB(A) (orange) and >70 dB(A) (red) 

(from [2]) 

  

Figure 6: Sum of LKZ joined to road segments (from [2]) 

Advantage of this approach is the link of the noise exposure 
to the source itself: Measures can be addressed directly to the 
source responsible for the hotspot. Meanwhile, in certain sit-
uations, this approach shows weak points if a particular source 
is responsible for a larger noise exposure. This is e.g. the case 
for urban highways with noise exposure, as shown in Figure 
7 with a dominant highway. 

 

Figure 7: Misleading “nearest neighbour join” in urban  
areas with dominant noise sources (from [1] with remarks) 
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A similar approach is published in [3] in scope of a project 
harmonizing the environmental noise mapping and noise re-
mediation (“Lärmsanierung”). Some essential steps are 
shown in Figure 8. However, this approach is deemed rather 
complex, especially when selecting the reference track of 
merging/separating railway lines (not shown). 

 

Figure 8: From points to areas (from [3]) 

New approach of buffered areas 

As part of own research at LÄRMKONTOR, a new approach 
was developed, focussed on reproducibility, automatization 
and suitability for large scale areas. 

Methodology 

Figures 9 to 12 show the process to identify the hotspots: 

- Façade receivers are calculated for all inhabited 
buildings 

- Indicator values for each receiver (e.g. LKZ) are cal-
culated  

- Buildings with at least one receiver above threshold 
are identified  

- A buffer (in this example: 20 m) is applied to the out-
lines of the building 

- Intersecting buffers around buildings are merged 

- Indicator values (e.g. LKZ, “people exposed”,…) are 
linked to the buffer, as well as the area of the buffer 

Example 

Figure 13 shows the beforementioned model area with the re-
sulting buffers around the houses. In Figure 14, the merged 
buffers with a colour scale based on the LKZ show the prior-
itisation of the hotspots. The areas from Figure 3 with the 
highest LKZ are joined to one area. The second area visible in 
Figure 14 shows a hotspot with higher LKZ in regard to the 
area covered by the building buffer. The lower LKZ per area 
is caused by the extent of the larger joined buffer. 

 

Figure 9: Façade receivers above threshold (red) 

 

Figure 10: Buildings above threshold (red) 

 

Figure 11: Buffer around buildings (blue) 

 

Figure 12: Merged buffers (blue) 

 

 

Figure 13: House buffers 

 

Figure 14: Merged buffers 

(colour indicates noise exposure in LKZ) 
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Evaluation 

The example shown before focusses on an urban area in which 
the method shows a rather strong trend to “accumulate” most 
buildings in one buffer. When applied to a larger area, e.g. a 
federal state of Germany with a road network of several thou-
sand kilometres, the algorithm shows its strengths: outside of 
major urban areas, noise hotspots are found with buildings af-
fected in relative proximity, but hotspots are clearly distinct 
between different municipalities or even within municipali-
ties, showing different areas for possible measurements along 
a road stretch. 

The only parameter chosen for the algorithm is the distance to 
join house buffers. The distance chosen for the examples, 20 
m, is roughly based on distances required between buildings 
and the limit of “high rise buildings” in Germany. Trials show 
that a smaller value provides a scattering of hotspots with a 
fast increasing number as the buffer is reduced. A higher value 
might lead to joined buffers and thus a smaller number of 
hotspots, joining hotspots even in small municipalities to sin-
gle areas. 

Further work will be conducted, taking the advantages of the 
approach and further investigating the appropriateness as well 
in urban as in rural areas. 

Prioritisation of noise Hotspots 

For prioritisation, two means can be considered, based on lim-
itations that might apply: 

- Financial limitations 

- Personal capacity 

Both aspects seem similar, both might limit the number of 
measures that can be conducted, but both lead to different ap-
proaches necessary in prioritisation. 

In case of financial limitations, the key question is to “get the 
best effect out of limited funds”. The term that would apply 
to this is efficiency. For high efficiency, the noise hotspots 
should be as homogenous as possible, not averaging for 
highly different noise exposures. This leads to a (possibly) 
high number of hotspots that can be addressed sorted by indi-
cator value. Examples for measures limited by financial as-
pects might be low noise pavements and noise barriers.  

On the other hand, with limited personal capacity, a high num-
ber of noise hotspots might not be suitable. Without automa-
tization, a high number of different areas to examine, to apply 
for and to implement measures is not possible. In most cases, 
especially legal aspects (required applications, tendering…) 
are still highly dependent on manual labour. One example for 
measures that mainly depends on personal capacity are speed 
limits, as costs are low but legal aspects (for example in Ger-
many) set a high bar for implementation. 

For some approaches, neither financial nor personal limits ap-
ply. For example, when considering low noise pavements in 
periodic replacement of road surfaces, the localization of 
noise sensitive locations can be sufficient, not depending on 
the number of locations identified. 

Summary 

As shown before, different approaches exist to identify noise 
hotspots and to assess the impact of noise e.g. by single value 
indicator values. Depending on the method, noise is located 
either in regards to areas (e.g. grids) or lines (e.g. roads). Both 
approaches show strengths and weaknesses, also both for ru-
ral and urban areas. 

Considering the rising extent of noise mapping, an automata-
ble method is important especially for larger areas. Automati-
zation in most cases also improves the reproducibility, which 
is especially important for comparisons between different 
rounds of noise mapping and among different actors imple-
menting the methods. 

To date, there is no standardised description for most noise 
hotspot methods which would enable different actors to 
achieve a consistent implementation and consistent results. 
Some methods also lack resilience to single input parameters, 
as the choice of grid origin for grid merging. 

For prioritisation, different aspects influence the necessary 
outcome of the evaluation, focussing on the number of 
hotspots or the efficiency of possible measures. 

Altogether, the identification and prioritisation of noise 
hotspots is primarily implemented for each individual case. A 
high automatization based on documented methods might re-
duce both time and money spent in assessing noise hotspots. 
It could also enable repeated evaluations e.g. among different 
rounds of noise mapping, with different actors involved. 
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