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> In October 2021, Italian physicist Giorgio Parisi was awarded 
the Nobel Prize in Physics for his work on the interplay between 
disorder and fluctuations in physical systems at different scales, 
jointly with Syukuro Manabe and Klaus Hasselmann, for their 
contributions in the modeling of climate. This year’s Nobel Prize 
has been widely praised. Parisi has made fundamental contri-
butions to the physics of disordered systems, ranging from the 
notorious Kardar-Parisi-Zhang equation to characterize surfa-
ce growth, the replica symmetry breaking idea to study systems 
with quenched disorder, the concept of stochastic resonance, in 
which a weak signal can be amplified by the addition of noise, or 
his more recent work on collective animal motion. On the other 
hand, the work of Manabe and Hasselmann has paved the way 
to our present understanding and prediction of threat of global 
warming. 

What has attracted most attention from part of the physics 
community in this well-deserved Prize, however, is the general 
statement announcing the concession: The Prices this year recog-
nizes “ground-breaking contributions to our understanding of com-
plex physical systems”. Indeed, in the view of many, the study of 
complexity has received for the first time full acknowledgement 
in the realm of Physics. Complexity, as a research field, has been 
around for many years. Basically, it refers to the study of systems 
composed by a large number of heterogeneous units, intercon-
nected by disordered interactions, and whose behavior cannot 
be simply understood as the sum of the parts, but shows instead 
emergent properties, such as spontaneous order, self-organization 
or adaptation, that are not present in their elementary units. > 
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These features distinguish a truly complex system, such as the 
brain, a social group or an ecosystem, from purely complicated 
systems, such as an airplain or a computer, whose behavior can 
be completely determined and predicted in terms of the inte-
ractions between elements, which, for example, allow us to fix 

them. Complex systems show usually a certain le-
vel of unpredictability, characterized in terms of 
chaotic behavior or strong dependence on the fine 
tuning of the initial conditions, and can exhibit 
large fluctuations, with a desproportionately large 
response to a small variation of their controlling 
parameters. 

This view of complexity resonates in particular 
with the mind of the statistical physicist trained 
in the field of critical phenomena, where many 
simple interacting degrees of freedom can lead to 

unexpected behavior, and in the concept of universality, which 
shows how different systems can, under certain conditions, ex-
hibit similar phenomenology. Driven mainly by statistical physi-
cist in search of fresh new problems, the science of complexity 
has grown as a largely interdisciplinary field, finding applicati-
ons in biology, geology, economics, sociology, epidemiology, etc.

This clarity of purpose has not been always shared by others. 
In Physics Departments, usually dominated by more traditional 
studies, practitioners of complex systems were mostly ignored 
and sometimes frowned upon. The situation was even worse in 
Departments of Biology or Sociology, who looked at them as 
invaders trampling their-well defined fields. As sociologist Dun-
can J. Watts so aptly put, “No one descends with such a fury and 
in so great a number as a pack of hungry [statistical] physicists, 
adrenalized by the scent of a new problem.” 

The advent of complex networks in the late 1990s helped to 
place complexity in a much better situation, since they provided 
a unifying framework for the representation of complex systems 
that share common grounds across many disciplines, leading to 
the creation of prestigious research Institutes and novel degrees 
on Network Science worldwide. The open recognition of com-
plexity as a full-fledged part of physics from a most prestigious 
organization represents the final push to complex systems into 
mainstream research, and heralds an era of even more fruitful 
application and wider acceptance of this fascinating field of in-
terdisciplinary research.

Long live complex systems. ☐ 

A complicated system, a plane, 
versus truly complex ones, 
such as the brain, the patterns 
of weather, or the interactions 
between proteins. 
Brain figure by Garpenholm, CC BY-SA 
3.0, https://commons.wikimedia.org/w/
index.php?curid=5694970
Complex network of protein interactions 
by Dedalus1234, CC BY-SA 4.0, https://
commons.wikimedia.org/w/index.
php?curid=54782827

“There is no love in a carbon 
atom; No hurricane in a 
water molecule; No financial 
collapse in a dollar bill”
Peter S. Dodds: How would you 
explain complex systems to the 
layman.
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Fading of 
the polaron 
in a gas of 
bosons due to 
temperature 
effect

The PhD student Gerard Pascual and professor 
Jordi Boronat of the Computer Simulation in Con-
densed Matter Research Group have theoretically 
studied how a polaron dissapears due to the effect 
of temperature. The study has been published in the 
journal Physical Review Letters.

> Low-temperature boson gas is well known 
to physicists for the famous and strange phase 
transition to a zero-moment condensation state 
(Bose-Einstein condensation). This system is well 
known and has been observed and performed in 
the laboratory since the end of the last century. 
Thanks to this experimental boom, theorists have 

been interested in how these systems change if 
we modify them slightly. Specifically, they have 
wondered what would happen if we added an 
impurity with some interaction in this ultra-cold 
gas. That is, how this new particle can affect boson 
condensate. At zero temperature, where statistical 
physics is in the background and the system can 
be fully defined with a wave function, it has been 

seen that the impurity is surrounded by excitations 
of the bosons giving rise to a quasiparticle called 
the "polaron". However, when we add temperature 
to the system, it is not trivial whether this 
theoretical image of the free quasiparticle correctly 
describes the physics of the gas. Several theories 
have attempted to address this conundrum by 
giving contradictory results to those observed 
experimentally. In this article we have recently 
published we simulate using the method of the 
Path Integral Monte Carlo how is the thermal 
evolution of this impurity surrounded by other 
particles, providing information about how the 
system behaves when going through the phase 

transition where the bosons cease to be condensed. 
The main conclusion of the article is that the 
theoretical entelechy of the quasiparticle is blurred 
as we increase the temperature until it disappears 
completely when we pass the phase transition. ☐

The new study employs a combination of 
advanced seismological techniques applied to an 
enhanced waveform dataset to better understand 
the seismogenic process and the geometry of 
activated fault, which remained to date debated.

The new analysis identifies about 3,500 
earthquakes, which took place at shallow depth 
between September and early October in the 
vicinity of the Castor injection platform.The study 
reveals for the first time three phases of the crisis. 
The first phase, accompanying gas injection from 
early to mid-September, was characterized by weak 
seismicity, progressively growing in magnitude. 
The injection stop marks the beginning of a second 
phase, which will last until end of September, where 
seismicity slowly migrated towards SW, driven by 
pore-pressure diffusion. The third phase, lasting 
until early October, saw a fast, backward migration, 
with the occurrence of all largest earthquakes as 
the failure of loaded asperities. Seismicity mostly 
affected a secondary fault, located close below the 

An international team led by scientists at GFZ 
Helmholtz Centre Potsdam, in collaboration with 
colleagues by Spanish, Italian and US institutions, 
where collaborates Estefania Blanch from the 
department of Physics of the EPSEB, is publishing a 
new scientific work on induced seismicity in Europe 
in the Journal Nature Communications. 

> The study focuses on the 2013 seismic sequence 
at the Castor platform of a former oil field, about 
20 km offshore the coast of Valencia, Spain. 
During the initial phase of the development 
of a gas storage facility in the former oil field, 
thousands of earthquakes with magnitudes below 
4.1 took place after the injection of gas into the 
depleted layers of the reservoir. While similar 
gas storage operations worldwide are typically 
not stimulating substantial seismicity, the Castor 
sequence remains to date the most significant 
case of seismicity related to this type of industrial 
operations in Europe.

Seismicity 
at the Castor 
gas reservoir, 
offshore 
Spain, was 
controlled by 
pore pressure 
diffusion and 
the failure 
of loaded 
asperities on a 
shallow fault

Quasiparticle Nature 
of the Bose Polaron at 
Finite Temperature.
Gerard Pascual and 
Jordi Boronat
Phys. Rev. Lett. 127, 
205301 – Published 10 
November 2021
https://doi.org/10.1103/
PhysRevLett.127.205301
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reservoir, and dipping opposite from the reservoir 
bounding fault.

The study demonstrates that a detailed view 
of the dynamics of induced seismic sequences 

can be resolved even in the lack of a dense local 
monitoring network, offering a benchmark for 
similar future studies elsewhere.

The insights are important also in the light 
that the Castor project has 
been abandoned after the 
occurrence of the earthquakes 
and the question of 
predictability of the risks and 
responsibility for such types 
of events are under public 
debate. ☐

Researchers from the Group of Characterization 
of Materials at the Department of Physics of the 
UPC along with international collaborators have 
discovered a spin-crossover compound that under-
goes a giant thermal response driven by pressure. 
This work, published in Advanced Materials, open 
routes to exploit this type of compounds in future 
solid-state refrigeration technologies as alternative 
to current methods that use harmful fluids.

> The exchange of the latent heat in liquid-
vapor transitions driven by pressure is the basis 
for current cooling methods, but the fluids 
used therein pose a serious environmental 
problem due to their huge greenhouse potential. 
Solid-state first-order phase transitions have 
been proposed as environmentally friendly 
alternatives but the lack of proper materials 
limit their implementation. One of the main 
problems is the transition hysteresis, that may 
hinder the cyclability of the thermal response 
and increase the necessary input work. Recently, 
a work contributed by researchers from the 

UPC, the University of Barcelona, the Anakara 
University (Turkey), the University of Science 
and Technology Beijing (China), the Florida State 
University (USA), the National High Magnetic 
Field Laboratory (USA) and the Synchrotron 
ALBA-Cells (Spain) has revealed a giant thermal 
change associated with a spin transition that can 
be driven reversibly under moderate pressure 
changes thanks to a very small transition 
hysteresis.

In particular, this compound is a molecular 
material containing a trinuclear transition metal 
complex that undergoes an abrupt spin crossover 
from a state in which all threee FeII centers are 
in the high-spin (S = 2) electronic configuration 
and a state in which they are in the low-spin (S 
= 0) electronic configuration. The large volume 
and entropy changes occurring at the transition 
yield a sensitivity of the transition temperature to 
pressure of K kbar-1 near room temperature. In 
turn, these transition features along with a narrow 
hysteresis of ~2 K allows that pressure changes of 
0.55 and 2.6 kbar yield, respectively, isothermal 

entropy changes of 80 J K-1 
kg-1 and 120 J K-1 kg-1 
and adiabatic temperature 
changes of 10 K and 35 K. 
These joint values are among 
the highest reversible values 
reported for any material so 
far. Our study should inspire 
the development of future 
environmentally-friendly 
solid-state barocaloric cooling 
devices. ☐

Discovered a 
spin-crossover 
compound for 
solid-state 
cooling

M. Romanini, 
Y. Wang, K. Gurpinar, 
G. Ornelas, P. Lloveras, 
Y. Zhang, W. Zheng, 
M. Barrio, A. Aznar, 
A. Gràcia-Condal, 
B. Emre, O. Atakol, 
C. Popescu, H. Zhang, 
Y. Long, L. Balicas, 
J. Ll. Tamarit, A. Planes, 
M. Shatruk, L. Manosa, 
Giant and Reversible 
Barocaloric Effect 
in Trinuclear Spin-
Crossover Complex 
Fe3(bntrz)6(tcnset)6 , 
Advanced Materials, 33, 
2008076 (2021)

Simone Cesca, Daniel 
Stich, Francesco Grigoli, 
Alessandro Vuan, José 
Ángel LópezComino, 
Peter Niemz, Estefanía 
Blanch, Torsten 
Dahm and William 
L. Ellsworth (2021): 
Seismicity at the 
Castor gas reservoir 
driven by pore pressure 
diffusion and asperities 
loading, Nature 
Communications, 12.1 
(2021): 1-13
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Martí Català defended his thesis directed by Clara 
Prats and Sergio Alonso from the Computational 
Biology and Complex Systems group (BIOCOM-SC) 
on October 14, 2021 at the Castelldefels Campus. 
The thesis is entitled “Mathematical models for the 
study of infectious diseases, from understanding to 
prediction”, and analyzes the application of math-
ematical models to the spread of Tuberculosis and 
Covid-19.

> Each year 10 million people die from communica-
ble diseases. They are infectious diseases caused by 
agents transmitted between individuals. Nowadays, 
the two infectious diseases that have the greatest 
impact are tuberculosis (TB) and coronavirus disease 
2019 (COVID-19). According to the World Health 
Organization, TB killed 40 million individuals in 
the last 20 years. The COVID-19 pandemic has had 
an overwhelming effect on human life. It has caused 
millions of deaths and conditioned people’s life since 
January 2020.

Mathematical and computational models are 
powerful tools in science to better understand, 
predict, and condition the dynamics of a desired 
system. In this thesis, a compendium of five publi-
cations with mathematical modelling was presented. 
Models are used to better understand and predict the 
dynamics of TB and COVID-19 at different spa-
tio-temporal scales.

Although TB is a disease identified many years 
ago, its natural history is not fully understood yet. 
The main objectives of this thesis in this area are 
related with the understanding of the factors and 
processes that facilitate the triggering of an active 
disease from a latent tuberculosis infection. The 
thesis aims at improving understanding of the hu-
man-TB coexistence for more than 70,000 years and 
some of the particularities that have facilitated this 
coexistence.

The thesis builds several models of the pulmo-
nary TB infection at different spatial scales. At the 
alveolus level, we have seen that the correct balance 
of the immune response determines the outcome 
of the infection. At the secondary lobe level, we 
identified the distance to pulmonary membranes as 
an important factor to determine final lesion size. 
At the lung level, we have reproduced a dynamic 
hypothesis that explains the generation of secondary 
granulomas after the bronchial dissemination of the 
infectious bacilli from a preceding lesion. The thesis 
has assessed the importance of lesion merging as a 
driving force for the triggering of the active disease.

In addition, authors have modelled of  human-TB 
coexistence in the Paleolithic and Neolithic ages, 
and determined that female protection against TB 
was crucial for the survival of the human species. In 
the Neolithic age, new “modern” lineages emerged, 
displacing “ancient” ones. Mathematical modelling 
yields results that explain why this emergence was 
not possible in the Paleolithic age.

When the COVID-19 pandemic started, there 
was a lack of monitoring systems to help control and 
manage the pandemic. In this thesis, we focus on 
several aims related to the assessment of the real inci-
dence during the first wave, as well as on the building 
and testing of a short-term prediction model. 

Authors developed a methodology to estimate the 
real incidence of COVID19 based on the estimated 
lethality and the reported death series. We applied 
this to several European countries, after analyzing 
possible bias due to differing age structures. As well, 
we proposed and calibrated an empirical model 
based on the Gompertz growth that allows for reli-
able short-term forecasting at the country level.

This thesis demonstrates how mathematical and 
computational models can be used to predict and 
better understand important characteristics of infec-
tious diseases such as TB and COVID-19. ☐

Thesis 1 
Martí Català 
defends his 
thesis on 
mathematical 
models of 
infectious 
diseases
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Jordi Ortiz de Urbina defended his thesis directed 
by Gemma Sesé Castel on September 30, 2021 at the 
North Campus. Titled “Orientational dynamics and 
local order in supercooled molecular liquids”, the 
thesis analyzes the behavior at temperatures close to 
the vitreous transition thanks to the results obtained 
in molecular dynamics simulations.

> The main objective of the thesis is to study, by 
means of molecular dynamics simulations, the 
behaviour of two molecular models at different 
temperatures, approaching the glass transition. 
One system models methanol and the other differs 
from the former only in the ability to establish 
hydrogen bonds. The analysis carried out focused 
on the reorientational dynamics, the dielectric 
response and various orientational properties that 
characterize the local structure.

All the time correlation functions analyzed show 
a two-stage relaxation, separated by a plateau at 
the lowest temperatures. Translational relaxation 
times are longer than reorientational relaxation 
times in the hydrogen-free system. Molecules with 
higher translational mobility have also been found 
to have undergone larger reorientations. Also in 
this system, the rotational dynamics around a main 
axis of inertia has been investigated. Rotational 
diffusion coefficients have been shown to follow a 
mode coupling law with a critical temperature lower 
than that corresponding to translational diffusion. 
Therefore, at low temperatures, when translational 
dynamics is severely hindered, rotation is still active. 
The results show that the Stokes-Einstein relation 
ceases to be satisfied at a higher temperature than 
the Stokes-Einstein-Debye one.

The anisotropy of rotational dynamics in 
methanol has also been analyzed, by considering the 
rotation around the three main axes of molecular 

inertia. Rotational spectra have been found to 
contain higher frequency contributions than 
those detected in the translational spectrum. Its 
dependence on the number of hydrogen bonds in 
which the molecules are involved has also been 
studied. As this number grows, the main peaks 
move to higher frequencies. As the temperature 
decreases, no significant change is observed in 
the frequencies involved, but in the importance of 
the peaks of the distributions. Different models of 
rotational relaxation have been analyzed, which 
lead to analytical relationships between angular 
momentum relaxation times and reorientation 
times. The Langevin model satisfactorily reproduces 
the behaviour of the liquid without hydrogen 
bonds, even in the supercooled state, while it 
only reproduces the behaviour of methanol at 
temperatures close to room temperature.

Hydrogen bonds severely restrict the orientation 
of molecular dipolar moments of neighbouring 
molecules, so that both the Kirkwood factor and 
the dielectric permittivity are lower when the 
ability to establish them is suppressed. At room 
temperature, and in the system without hydrogen 
bonds, the most important contribution to the 
correlation of the total dipole moment comes 
from the autocorrelation of the molecular dipoles. 
On the other hand, relaxation times of both 
dipole autocorrelations and cross-correlations are 
similar, and Debye’s model of dielectric relaxation 
provides good results. In methanol, correlations 
between orientation of different molecules is much 
more relevant, and the Davidson-Cole model is 
more suitable, even at room temperature. At low 
temperatures, the behaviour of both systems is best 
represented with the Davidson-Cole model. The 
longitudinal and transverse components of the 
dipole moment density as a function of the smaller 

wave vectors compatible with 
the size of the system, have 
allowed to recover the value of 
the dielectric constant.

Finally, the local 
structure of both systems 
has been investigated. The 
Voronoi polyhedra have 
been calculated and their 
topological and metric 
properties have been studied. 
This analysis has allowed to 
quantify the increase in local 
order in both systems upon 
cooling: a decrease in the 
number of different types of 
polyhedra and an increase 
in the frequency of the most 
frequent polyhedra have been 
encountered. ☐

Thesis 2 
Jordi Ortiz de 
Urbina defends 
his thesis on 
orientational 
properties and 
local structure 
in supercooled 
molecular 
liquids 



7

Raúl Sáez García defended his thesis directed by 
Xavier Prats i Menéndez on October 1, 2021 at the 
Baix Llobregat Campus. Titled “Traffic Synchroni-
zation with Controlled Time of Arrival for Cost-Ef-
ficient Trajectories in High-Density Terminal Air-
space”, the thesis proposes a series of methods and 
concepts of operations with the aim of improving the 
efficiency of air operations in airspace terminal. 

> The growth in air traffic has led to a continuous-
ly growing environmental sensitivity in aviation, 
encouraging the research into methods for achieving 
a greener air transportation. In this context, contin-
uous descent operations (CDOs) allow aircraft to 
follow an optimum flight path that delivers major 
environmental and economic benefits, giving as a 
result engine-idle descents from the cruise altitude 
to right before landing that reduce fuel consumption, 
pollutant emissions and noise nuisance.

However, this type of operations suffers from a 
well-known drawback: the loss of predictability from 
the air traffic control (ATC) point of view in terms 
of overfly times at the different waypoints of the 
route. In consequence, ATC requires large separation 
buffers, thus reducing the capacity of the airport. 

Previous works investigating this issue showed that 
the ability to meet a controlled time of arrival (CTA) 
at a metering fix could enable CDOs while simul-
taneously maintaining airport throughput. In this 
context, more research is needed focusing on how 
modern arrival managers (AMANs)—and extended 
arrival managers (E-AMANs)—could provide sup-
port to select the appropriate CTA. ATC would be in 
charge to provide the CTA to the pilot, who would 
then use four-dimensional (4D) flight management 
system (FMS) trajectory management capabilities to 
satisfy it.

A key transformation to achieve a more efficient 
aircraft scheduling is the use of new air traffic man-
agement (ATM) paradigms, such as the trajectory 
based operations (TBO) concept. This concept aims 
at completely removing open-loop vectoring and 
strategic constraints on the trajectories by efficiently 
implementing a 4D trajectory negotiation process to 
synchronize airborne and ground equipment with 
the aim of maximizing both flight efficiency and 
throughput. The main objective of this PhD thesis 
is to develop methods to efficiently schedule arrival 
aircraft in terminal airspace, together with concepts 
of operations compliant with the TBO concept. 
The simulated arrival trajectories generated for all 
the experiments conducted in this PhD thesis, to 
the maximum possible extent, are considered to be 
energy-neutral CDOs, seeking to reduce the overall 
environmental impact of aircraft operations in the 
ATM system.

Ultimately, the objective of this PhD is to achieve 
a more efficient arrival management of traffic, in 
which higher levels of predictability and similar levels 
of capacity are achieved, while the safety of the oper-
ations is kept. The designed experiments consider a 
TBO environment, involving a high synchronization 
between all the involved actors of the ATM system. 
Higher levels of automation and information sharing 
are expected, together with a modernization of both 
current ATC ground-support tools and aircraft FMSs 
to comply with the new TBO paradigm. ☐

Thesis 3 
Raúl Sáez 
García defends 
his thesis on 
air traffic 
management 

Thesis 4 
Jonathan 
Fernando Gebbia 
defends his 
thesis on the 
study of the 
low-temperature 
anomalies of 
glasses existing 
in molecular 
crystals 

Jonathan Fernando Gebbia defended his thesis co-di-
rected by Josep Lluís Tamarit and Michela Romanini 
on October 6th at the Besòs campus (EEBE) entitled 
“Emerging glassy properties in molecular crystals”, the 
thesis presents the study of low temperature anomalies 
of glasses found in different molecular crystals by means 
of low temperature calorimetry, inelastic neutron scat-
tering, and simulations based on ab-initio DFT. 

> The thesis focused on the study of anomalies in 
molecular glasses obtained from translationally ordered 
and orientationally disordered phases, in which the dy-
namics of molecular reorientations can be frozen under 
certain conditions, for example, by fast cooling. The ori-
entationally disordered systems presented are crystalline 

phases of rigid molecules and the corresponding lattice 
symmetries impose restrictions to molecular orienta-
tions which determine a statistical and controlled dis-
order in the system. The thesis proposes that the study 
of these systems with restricted disorder can shed light 
onto the origin of low-temperature specific heat anoma-
lies (and low-energy density of states anomalies) and on 
the relevance of the disorder on these physical magni-
tudes. A common conclusion was drawn for all these 
systems: the presence of low-energy optical excitations 
in which rigid molecules exhibit rotational-translational 
motions coupled to propagating acoustic waves. This 
phenomenon induces an excess of vibrational states that 
gives rise to the boson peak, regardless of the ordered or 
disordered nature of the phase studied. ☐
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Building envelopes and green streets.
The search for sustainable solutions in the construction sector

Inmaculada 
Rodríguez 
Cantalapiedra 

> The building sector accounts for more than 40% of the total energy consumption in Europe and 
approximately 36% of the overall CO2 emissions. With the aim to reduce the energy demand of buildings, and 
consequently decrease the environmental impacts in this sector, more sustainable building solutions have to 
be implemented. From all the construction systems available in the building sector, the building envelope/skin 
has the major role in reducing the energy demand. Its improvement can reduce the energy used in buildings 
between 20% and 60%. Besides providing large passive energy savings, building envelopes also have potential 
to improve other necessary ecosystem services, especially when combined with green infrastructures, such as 
green roofs or vertical greenery systems. Green infrastructures not only improve the aesthetics of buildings 
but also improve the water runoff quality, the mitigation of the CO2 emissions, the protection of internal 
layers of the building, the thermal inertia, the acoustics performance of the noise in the environment, etc. 
Within this context, the collaboration with the Administration (Barcelona City Council and Metropolitan 
Area of Barcelona) to establish measurement protocols to provide a comparative analysis of the thermal 
performance of eight different commercial extensive green roofs trays installed on Mercè Rodorerda building, 
Barcelona (Spain). Data collection was conducted from April to August of 2016. The overall thickness of green 
roofs ranged between 130 mm and 551 mm. To evaluate the thermal evolution of each sample, four different 
temperature points were registered across the section. The results showed that systems with larger thickness, 
especially those with thicker substrate, provided higher thermal stability and temperature reductions during 
the hottest period of summer, as expected. Despite these previous results, other important factors, such as the 
typology of the vegetation, can develop important roles in reducing the surface temperatures of the substrate. 
It was also studied the thermal lag of the different solutions.

The green roofs represent a constructive solution that can provide different benefits to buildings: thermal, 
acoustic, and / or rainwater management improvements. In the cities, they also improve the heat island effects, 
help maintain certain biodiversity and can become landscape elements while creating new spaces of quality 
coexistence in the urban environment. 

Not only green roots but also Green Streets can contribute to the reduction of noise annoyance, especially in 
traffic noise. The presence of trees along the streets, and the integration of vegetation in walls, building façades 
and roofs increase the sound absorption, reducing the level of noise and the consequent annoyance.  Inside the 
cities, medium-height solid barrier can be integrated in a street by covering with vegetation, transforming it 
into a greenery barrier. Green noise barriers have become an alternative means of reducing urban traffic noise. 
To evaluate the  acoustic performance of a modular greenery noise barrier in situ measurements of noise 
reflection were performed using an experimental prototype to estimate the sound absorption coefficients. 
These coefficients were found to have values higher than those previously found in laboratory measurements 

for a similar system with a lower vegetation density. The 
obtained values were input into software for predicting 
environmental noise to analyse the expected performance 
of such barriers, particularly in the case of a pair of parallel 
barriers. A comparison with the results for reflective barriers 
indicates a significant improvement in sound attenuation 
of up to 4 dBA. The values are similar and even superior to 
results reported by other authors regarding the effectiveness 
of absorptive treatments applied to parallel barriers, and 
furthermore, the proposed barriers offer an aesthetic element 
for environmental integration. 

Finally, another goal is to improve the acoustic 
performance in buildings, through the optimization 

of the characteristics of new bio-based materials. The 
acoustic characterization is composed of two kind of tests: 
laboratory and in-situ. The laboratory tests are aimed at the 
characterisation of low and medium density materials based 
on bio-materials.

In the case of low density biomaterials (thermal insulators) 
the aim is to clarify the effect on the acoustic properties of the 
type of vegetal by-products (sunflower and corn pith, bark or 
combination) and material. ☐

> 
Scheme of the distribution 
of the four thermocouples 
installed in each green roof 
sample.

>
Experimental prototype with 
the modular greenery system.


