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High-fidelity noise maps

Purpose and aims
Silence has become a scarce commodity in modern society. We are surrounded by noise
from sources of all types. Traffic on our roads and railways account for a large share
of noise-related disturbances, but also airplanes and the emerging wind-farms are impor-
tant sound sources. Traffic noise is one of the the largest environmental health hazards.
Humans that are exposed to noise for a long time are at increased risk of cardiovascular
disease, which is the most common cause of death in Sweden. A reliable and precise
computational tool that can predict the noise spread (noise maps) from traffic and other
man-made sound sources is a vital tool, in order to plan for future urban communities,
traffic roads, airports and windfarms, but also to guarantee quiet areas in national parks
and recreation areas. However, the existing numerical methods for environmental noise
are not adapted to large-scale irregular terrains, and we have shown that more accurate
and advanced numerical methods are required.

Another important effect arises when considering multiple sound sources (for example
wind-farms), so-called interference (see Figure 1). This interference leads to a fairly
complex spread of the noise and can give rise to relatively large deviations compared to
a ”simple” addition of individual sound sources, which is the standard technique in some
of the most commonly used computational methods for environmental noise, referred
to as ”Naturvårdsverkets model”. The huge computational 3D domain, and the need
to accurately resolve sound-propagation require the combination of high-order accurate
numerical methods and high performance computing (HPC).

Figure 1: Sound pressure levels (SPL) computations of Tjärnäs wind farm, a group of 30
wind turbines. (Left) A computation done with Naturvårdsverkets model. The red lines
show the 40 dBA contours. (Right) A comparison between our 4th order accurate SBP-
SAT approximation of the 3D wave equation, overlaid with Naturvårdsverkets model.
Yellow colour (closer to the turbines) indicate high SPL (70 dBA).

Project description
This project concerns advanced mathematical models and accurate numerical methods,
for reliable prognosis of sound propagation from a diverse set of sound sources in realistic
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3D environments. The present project will be done in collaboration with SMHI, and two
different groups at Stanford University (led by professors Eric Dunham and Gianluca
Iaccarino). The specific aims:

1) Develop a high-fidelity 3D atmospheric wave propagation model to simulate sound
propagation from a diverse set of man made sound-sources, such as wind-turbines, con-
struction work, traffic roads, airplanes (airports) and railways. The sound propagation
model must account for irregular topography, atmospheric attenuation, wind, altitude de-
pendence of sound speed, as well as stratification and buoyancy. The governing equations
are essentially the linearized Euler equations with addition of atmospheric forcing from
the different sound sources. Initially, the atmospheric forcing of the atmosphere will be
modeled by either point sources or line-sources (depending on the application). Exten-
sive validation will be performed against well-known benchmark problems and reliable
measurements.

2) With the high-fidelity 3D atmospheric wave propagation method, we will derive an
attractive, easy to use computational tool, that allows for reliable prognosis of the sound
pressure levels (SPL) on large-scale topological maps, i.e., noise maps. Uncertainties
in (atmospheric, terrain and source characteristic) data will be analyzed using advanced
methods in uncertainty quantifications (UQ), which allow for reliable error bounds on the
prognosis of SPL in the far field. This would be the first computational model to place
reliable constraints on the location and SPL of a diverse set of sound-sources that can be
modeled either as point- or line-sources.

Qualification
A suitable background for this position would be a Master of Science in Mathematics,
Physics or Engineering, with a specialization in numerical analysis and scientific compu-
tation. A vital part of this project concerns HPC, due to the massive scale of the compu-
tational models. It is expected that the applicant has excellent programming knowledge
in C/C++/Fortran or Python and HPC. A good knowledge in mathematical modelling us-
ing partial differential equations, and stability analysis using the energy method counts
as merits. Moreover, applicants must be strongly motivated for doctoral studies, possess
the ability to work independently and perform critical analysis as well as possessing good
levels of cooperative and communicative abilities.

Main supervisor
Professor Ken Mattsson, Department of Information Technology, Scientific Computing,
Uppsala University. email: ken.mattsson@it.uu.se


