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Observing Earth’s Interior

Over several centuries, researchers 
across numerous different disciplines 
have used innovative techniques to 
determine the structural properties of 
Earth’s interior. Through this work, we 
are now aware that our home planet 
has a layered structure: containing a 
solid inner and liquid outer core; a solid 
mantle; and a solid outer crust. Our 
knowledge of this structure is based 
around measurements of how waves 
travel through Earth’s interior, and 
become distorted by different types of 
material. 

Researchers can carry out this analysis 
through detections of seismic waves 
originating from large-scale geological 
events, including earthquakes and 
volcanic eruptions. By measuring the 
properties of waves emanating from 
single events at different points across 
Earth’s surface, these researchers can 
determine how they were changed as 
they passed through different layers of 
the planet’s interior. 

From the turn of the 20th century, 
geophysicists had used these 
techniques to develop sophisticated 
theories about the Earth’s interior 
structure, and how it evolves over time. 
In the following decades, these ideas 
were integrated with different theories 
across numerous fields of Earth science, 
enabling our understanding to progress 
even further.

Strengths and Weaknesses of the 
PREM

In 1976, these efforts culminated 
in a theory named the ‘Preliminary 
Reference Earth Model’ (PREM) – first 
proposed by US geophysicists Adam 
Dziewonski and Don Anderson. Widely 
seen as a breakthrough at the time, 
this model considered each of Earth’s 
interior layers to have their own 
distinct, unvarying characteristics. Most 
importantly, it presented linear formulae 
to illustrate how material properties 
including density, pressure, and gravity 
changed at varying distances from the 
centre of the Earth, accounting for the 
influence of each layer. 

THE NONLINEAR EARTH: 
CORRECTING A LONG-
OUTDATED THEORY

Although the theories researchers use to describe the structural 
properties of Earth’s interior have now persisted to decades, 
the assumptions they make are far from realistic. Through their 
research, Dr Hatam Guliyev and Dr Rashid Javanshir, both of 
the National Academy of Sciences in Azerbaijan, have integrated 
concepts from both mechanics and Earth sciences to produce 
ground-breaking new theories about Earth’s ‘nonlinear’ properties. 
Their discoveries have yet to be widely accepted by the scientific 
community, but through concerted collaboration efforts, they hope 
that their ‘non-classically linearised’ approach could soon become a 
key aspect of geophysical research. 

In the decades since its conception, 
the PREM has seen little change, and 
has now become a ubiquitous element 
across many branches of Earth sciences. 
Amongst the many successes of the 
model are its ability to determine the 
positions of the boundaries between 
different layers of Earth’s interior, as 
well as predictions of how the strength 
of Earth’s gravitational pull will vary 
at different depths. Yet despite this 
success, the model was not built to 
last. Even as Dziewonski later wrote, 
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the very word ‘preliminary’ implied 
that the PREM was only supposed to 
provide approximate predictions of the 
Earth’s interior, until a better model was 
created.

Although the model’s discoveries have 
fundamentally sculpted our view of 
Earth, its many shortcomings have 
now lingered for decades. Today, 
seismologists and geophysicists using 
increasingly accurate equipment are 
finding that their observations no 
longer perfectly match up with the 
predictions made by the PREM, which 
should be casting serious doubts about 
its accuracy. So far, however, efforts by 
the wider Earth sciences community to 
correct these issues have been all but 
non-existent. 

Accounting for Nonlinear Properties

In many natural systems, waves 
undergo ‘nonlinear’ propagation as 
they travel through different materials. 
Broadly speaking, this means that the 
properties of waves, which have passed 
through the systems, show no clear 
relationship with the properties of those 
that entered. Therefore, even though 

they do in fact obey strict physical laws, 
nonlinear waves can appear to exhibit 
chaotic, unpredictable behaviours – 
wholly unlike the clean mechanical 
laws described by Newton. Because 
of this, these waves are described as 
displaying ‘non-classical’ mechanics. 
If researchers don’t account for these 
properties when making predictions 
about nonlinear systems, their results 
can incur significant inaccuracies. 

According to Dr Hatam Guliyev and 
Dr Rashid Javanshir, the PREM is 
deeply flawed in its inability account 
for these properties. The duo first met 
in the 1980s at the National Academy 
of Sciences in Azerbaijan, which was 
then part of the Soviet Union. Their 
collaboration was unusual: while 
Dr Guliyev was well known for his 
research in mechanics, he was first 
introduced to the field of Earth sciences 
by Dr Javanshir, whose background 
was in geophysics. In their earliest 
collaborative research, the duo 
proposed that waves passing through 
Earth’s interior couldn’t be obeying 
simple mechanical laws – contrary to 
assumptions made by a vast majority of 
studies at the time. 

As an alternative, the researchers 
argued that these waves must 
experience nonlinear propagation, 
which would mean that the PREM’s 
predictions are significantly diverged 
from reality. In the following years, Dr 
Guliyev and Dr Javanshir began to map 
out the shortcomings of the PREM, and 
proposed how they could be amended. 
Through this work, they have now 
pioneered new approaches to account 
for Earth’s nonlinear properties – based 
around the integration of Earth sciences 
with the separate field of non-classical 
mechanics. 

Introducing a New Model

To build their theories, the two 
researchers have focused on defining 
the non-classical mechanical properties 
of deforming solid bodies. Their ideas 
are based on the fundamental principles 
of nonlinear elasticity – which relates 
to how nonlinear materials temporarily 
deform as waves propagate through 
them. In the PREM, Earth’s material 
properties at given distances from its 
centre are assumed to be the same 
globally, no matter where they were 
measured. 
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Through their updated model, 
named the ‘non-classically linearised 
approach’ (NLA), Dr Guliyev and Dr 
Javanshir approach the problem in 
three dimensions. By considering the 
behaviour of the Earth as a whole, 
with materials at similar depths 
displaying varying mechanical 
properties, this model removes the 
need for unnecessary mathematical 
complications. 

In eliminating the flaws and 
inaccuracies associated with the 
PREM, the predictions made by the 
NLA can deviate significantly from past 
predictions of geological processes, 
including the propagation of seismic 
waves. For the first 10 kilometres 
beneath Earth’s surface, Dr Guliyev 
and Dr Javanshir have now shown 
that predictions made by the NLA and 
PREM can differ by as much as 30%. 
Deeper into the Earth, this difference 
could grow significantly higher still – but 
this remains a goal for future research. 
Ultimately, quantifying the Earth’s 
structural properties at these depths will 
require a vast amount of work.  

Improving Our Understanding of 
Earth’s Interior

Moving forwards, Dr Guliyev and Dr 
Javanshir propose that future studies 
centred around their NLA should 
consider three key elements. Firstly, 
they propose that the model should 
be used to make a complete analysis 
of Earth’s structural elements, from 
crust to core, while accounting for the 

influences of oceans and continents 
on Earth’s surface. Secondly, the 
researchers call for an end to the use 
of classical theories when interpreting 
data; instead, assuming that elastic 
waves display nonlinear dynamics as 
they propagate through the Earth’s 
interior.

Finally, Dr Guliyev and Dr Javanshir 
hope to improve the methodologies 
and equipment used to collect and 
interpret geological and seismological 
data. By assuming from the start 
that their observations are a result of 
nonlinear properties, they can adapt 
their techniques to greatly improve 
their predictions. Through these efforts, 
the duo hopes that a more realistic 
understanding of Earth’s interior, and 
its ongoing evolution, could finally be 
reached. However, before these goals 
can be widely achieved, there are still 
significant barriers to overcome 

A Lack of Collaboration So Far

Throughout their decades of research, 
Dr Guliyev and Dr Javanshir have 
produced an abundance of robust 
results – which have been published 
in hundreds of books and papers, and 
presented at numerous conferences. 
Yet despite this success, their theories 
have still not been widely discussed by 
researchers in the wider communities 
of Earth sciences. Ultimately, the 
duo believes that the acceptance 
of their theories has been hindered 
by a persistent lack of collaboration 
between researchers from different 

cultural backgrounds. This lack of 
discussion is deeply rooted in barriers 
between East and West, which defined 
the global political landscape when 
the researchers first began their 
collaboration.

Even decades after political shifts, and 
the rise of the Internet, have enabled 
researchers around the world to 
collaborate far more easily than ever 
before, the prejudices that defined 
this past era have continued to persist. 
Without sufficient efforts to alleviate 
the damage to scientific research 
imposed by these boundaries, long-
outdated theories such as the PREM 
are still in ubiquitous use, even in the 
present day. According to Dr Guliyev 
and Dr Javanshir, this factor has been 
a significant hindrance to scientific 
progress. However, the picture may not 
stay this way for long. 

Hope for Widespread Discussion 

Despite numerous setbacks in the 
past, Dr Guliyev and Dr Javanshir are 
now hopeful that attitudes towards 
their research are shifting in the right 
direction, and are now increasingly 
being discussed. In 2019, their theories 
were finally published in the widely 
respected academic journal, Earth 
and Space Science – bringing their NLA 
model to widespread international 
attention for the first time. In the future, 
they now hope that this increased 
publicity could soon initiate new 
collaborations across numerous 
disciplines, and between global 
institutions, to study the NLA in the 
depth it deserves. 

If these outcomes are achieved, 
they could finally consign the long 
outdated PREM to history, enabling new 
generations of researchers to explore 
the true nature of Earth’s interior 
properties. Ultimately, these efforts may 
one day lead to large-scale research 
programs spanning many decades, 
which will finally uncover the diverse 
nonlinear characteristics of our home 
planet. 
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