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The special importance of mathematics as a basic science that makes important contri-
butions in technology, economy, and commerce has been increasingly acknowledged
within the last few years. This process did not remain without effects on mathemat-
ics itself. New mathematical disciplines, such as scientific computing, financial and
business mathematics, industrial mathematics, biomathematics, and also mathematics
concerned with geoscientific problems, i.e., geomathematics, have complemented the
traditional mathematical disciplines. Today, computers and measurement technology
have resulted in an explosive propagation of mathematics in almost every area of soci-
ety. Mathematics as an interdisciplinary science can be found in almost every area
of our lives. Nowadays mathematics is closely interacting with almost every other
science (mathematization of sciences). The use of computers allows for the handling
of complicated models for real data sets. Modeling, computation, and visualization
yield reliable simulations of processes and products.

Mathematics is the raw material for the models and the essence of each computer
simulation. As the key technology, it translates images of the real world to models of
the virtual world, and vice versa.

1 GEM and its task and ojective

The intent of themathematical journalGEM is to dealwith the qualitative and quantita-
tive properties of the current or possible structures of the system Earth. GEM provides
concepts of scientific research concerning the system Earth. The research object (cf.
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Fig. 1 The system earth

Fig. 1), i.e., the system Earth, consists of a number of elements which represent indi-
vidual systems themselves. The complexity of the entire system Earth is determined
by interacting physical, biological, and chemical processes transforming and trans-
porting energy, material, and information. It is characterized by natural, social, and
economic processes influencing one another. All these aspects require a geoscientif-
ically relevant type of mathematics. Geomathematics and its organ GEM have to be
concerned with nothing more than the organization of the complexity of the system
Earth. Descriptive thinking is required in order to clarify abstract complex situations.
Correct simplifications of complicated interactions, exact thinking and formulations
are needed, numerical realizations (modeling and simulation) should be given, etc.
All in all, geomathematics represents the key science of the complex system Earth.
Wherever there are data and observations to be processed, e.g., the diverse scalar,
vectorial, and tensorial clusters of satellite and exploration data, we need geomath-
ematics. Whenever modeling and simulation come into play for the system Earth,
geomathematics is decisive.

2 GEM as scientific bridge

What is it exactly that enables mathematicians to build a bridge between the dif-
ferent disciplines? Mathematics’ world of numbers and shapes contains very efficient
tokens bywhich we can describe the rule-like aspect of real problems. This description
includes a simplification by abstraction: essential properties of a problem are separated
from unimportant ones and included into a solution scheme. Their eye for similarities
often enables mathematicians to recognize a posteriori that an adequately reduced
problem may also arise from very different situations, so that the resulting solutions
may be applicable to multiple cases after an appropriate adaptation or concretiza-
tion. Without this second step, abstraction remains essentially useless. The interaction
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Fig. 2 Geomathematics, its range of fields, and its tools

between abstraction and concretization characterizes the history ofmathematics and its
current rapid development as a common language and independent science. A problem
reduced by abstraction is considered as a new “concrete” problem to be solved within
a general framework, which determines the validity of a possible solution. The more
examples one knows, the more one recognizes the causality between the abstractness
of mathematical concepts and their impact and cross-sectional importance.

In this respect, the specific task of geomathematics and its forum GEM is to build a
bridge between mathematical theory and geophysical as well as geotechnical practice.
The special attraction is based on the vivid communication between mathematicians
more interested in model development, theoretical foundation, and the approximate as
well as computational solution of problems, and engineers and physicistsmore familiar
with measuring technology, methods of data analysis, implementation of routines, and
software applications. There is a very wide range of modern geosciences on which
geomathematics is focused (seeFig. 2), not least because of the continuously increasing
observational diversity. Simultaneously, the mathematical toolbox is becoming larger.

3 GEM and inverse problems

Aspecial feature is that geomathematics primarily dealswith those regions of the Earth
which are only insufficiently or not at all accessible for direct measurements (even by
remote sensing methods). Inverse theories and methods are absolutely essential for
the mathematical evaluation in these cases. Mostly, a physical field is measured in
the vicinity of the Earth’s surface and/or satellite height, and it has then to be contin-
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ued downward or upward by mathematical methods until one reaches the interesting
depths or heights. For all these aspects GEM provides an adequate forum for scientific
distribution among mathematically oriented people.

Of course, geomathematics is closely interconnected with geoinformatics, geo-
engineering, and geophysics. However, geomathematics basically differs from these
disciplines. Engineers and physicists need themathematical language as a tool. In con-
trast to this, geomathematics also deals with the further development of the language
itself. Geoinformatics concentrates on the design and architecture of processors and
computers, data bases and programming languages, etc., in a georeflecting environ-
ment. In geomathematics, computers do not represent the objects to be studied, but
technical auxiliaries for the solution of mathematical problems of georeality instead.

The scientific challenge does not only consist of increasing the leading role of
mathematics within the current scientific consortium Earth. The significance of the
subject Earth must also be acknowledged (again as in the time of C.F. Gauss) within
mathematics itself in its whole spectrum, so that mathematicians will become more
enthusiastic about it. Up to now, it has become usual and good practice in application-
oriented mathematical departments and research institutions to present applications in
technology, economy, finances, and even biology and medicine as being very career-
enhancing for young scientists. Geomathematics can be integrated smoothly into this
phalanx with current subjects like exploration, geothermal research, navigation, and
so on. Mathematics should be the leading science for the solution of these complex
and economically very interesting problems, instead of fulfilling mere service func-
tions. Mathematics also should not hide behind the other geosciences! The Earth as
a complex, however, limited system (with its global problems concerning climate,
environment, resources, and population) needs new scientific manifestations of thee-
oretical as well as computational nature. For all these reasons, GEM is not only an
essential platform for accepting and establishing a general responsibility of mathe-
matics in science, but also in our society.

4 GEM as a challenge for a new concept of “well being”

From a scientific and technological point of view, the past 20th century was a period
with two entirely different faces concerning research and its consequences. The first
two thirds of the century were characterized by amovement towards a seemingly inex-
haustible future of science and technology; they were marked by the absolute belief in
technical progress which would make everything achievable in the end. Up to the Six-
ties, mankind believed to have become themaster of the Earth (note that in geosciences
as well, to master is also a synonym for to understand). We were able to understand
plate tectonics on the basis of Wegener’s theory of continental drift, geoscientific
research began to deal with the Arctic and Antarctic, and man started to conquer the
universe by satellites, so that for the first time in mankind’s history the Earth became
measurable on a global scale, etc. Then, during the last third of the past century, there
was a growing skepticism as to the question whether scientific and technical progress
had really brought us forth and whether the effects of our achievements were respon-
sible. As a consequence of the specter of a shortage in raw materials (mineral oil and
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natural gas reserves), predicted by the Club of Rome, geological/geophysical research
with the objective of exploring new reservoirs was stimulated during the Seventies.
Moreover, the last two decades of the century have sensitized us for the global prob-
lems resulting from our behavior with respect to climate and environment. Our senses
have been sharpened as to the dangers caused by the forces of nature, from earth-
quakes and volcanic eruptions to the temperature development and the hole in the
ozone layer. Man has become aware of his environment. Global problems concerning
climate, environment, resources, and population need new political strategies based on
scientific fundaments; consequently, these matters step by step also demand changes
in mathematical research and teaching at the universities due to a modified concept of
“well being” (e.g., concerning milieu, health, work, independence, financial situation,
security, etc.). As a consequence, GEM should act as an accelerator.

5 GEM and solution potentials

More intensively than before, we must aim for the creation of models and simulations
for combinations and networks of data and observable structures. Current methods of
applied measurement and evaluation processes vary strongly, depending on the exam-
inedmeasurement parameters (gravity, electric or magnetic field strength, temperature
and heat flow, etc.), the observed frequency (momentum) domain, and the occurring
basic field characteristic” (potential field, diffusion field, or wave field, depending
on the basic differential equations). In particular, the differential equation strongly
influences the evaluation processes. The typical mathematical methods are therefore
listed here according to the respective “field characteristics” (which usually occur in
combination):

Potential methods (potential fields, elliptic differential equations) in gravimetry,
geomagnetics, geoelectrics, geothermal research, …

Diffusionmethods (diffusion fields, parabolic differential equations) in heat transfer,
magnetotellurics, geoelectromagnetics, …

Wave methods (wave fields, hyperbolic differential equations) in seismology and
seismics, georadar, meteorology, …

As already pointed out, the diversity of mathematical methods will increase in the
future due to new technological developments in computer and measurement tech-
nology. More intensively than before, we must aim for the creation of models and
simulations for combinations and networks of data and observable structures. The
process (i.e., the “circuit”) for the solution of practical problems usually has the fol-
lowing components (each of them separately of interest for GEM):

Mathematical modeling and simulation. The practical problem is translated into
the language of mathematics, requiring the cooperation between application-oriented
scientists and mathematicians.

Mathematical analysis. The resulting mathematical problem is examined as to its
“well-posedness” (i.e., existence, uniqueness, dependence on the input data).

Development of a mathematical solution method. Appropriate analytical, algebraic,
operator-theoretic and/or numericalmethods and processes for a specific solutionmust
be adapted to the problem; if necessary, newmethods must be developed. The solution

123



6 Int J Geomath (2017) 8:1–7

process is carried out efficiently and economically by the decomposition into individual
operations, usually on computers.

Back-transfer from the language of mathematics to applications. The results are
illustrated adequately in order to make sure their evaluation. The mathematical model
is validated on the basis of real data and modified, if necessary. We aim for good
accordance of model and reality. The advantage and benefit of the mathematical pro-
cesses are a better, faster, cheaper, and more secure problem solution on the basis of
the mentioned means of simulation, visualization, and reduction of large amounts of
data.

6 GEM and its editorial structure

GEM is intended to publish peer-reviewed mathematical papers and survey articles of
geoscientific relevance. The relevance does not include necessarily numerical appli-
cations to an artificial and/or real data scenario. Instead all mathematically applicable,
i.e., theoretically and/or computationally significant facets and obligations of the
Earth’s system are welcome for scientific distribution by means of GEM.

In particular, GEMdeals (cf. Fig. 3) with the following scientific topics and research
areas:

Earth‘ s System
Mathematics
(Gravitation, Magnetism,
Deformation, etc.)

Fluid Dynamics 
(Ocean, Atmosphere,
etc.)

GEM

Ill-Posed
and
Inverse Problems

Differential-
and
Integral Equations

Constructive
Approximation

Numerical
and
Computational Methods

Fig. 3 Esssential thematic structure of GEM
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(i) modeling and simulation problems of the system Earth (geosphere, cryosphere,
hydrosphere, atmosphere, biosphere, anthroposphere),

(ii) fluid dynamics problems (e.g., ocean currents, atmospheric circulation, …),
(iii) inverse problems (e.g., in satellite technology, geoexploration, …),
(iv) geoscientifically relevant differential and integral equations (concerning systems

of potential fields, diffusion fields, wave fields or combinations of them),
(v) constructive approximation,
(vi) numerical methods, efficient and economical computational algorithms and pro-

cedures.

Accordingly, in adaptation to the aforementioned list, future editorial work within
the GEM-reviewing process will be decentralized providing a more specific and
specialized basis for collecting publishable contributions in certain areas of geomath-
ematics.

All in all, the essential goal of the editor-in-chief as well as the publisher is that
GEM more and more emerges as an active and dynamic journal for the dissemination
of creative and innovative ideas and concepts with the motivation to help the mathe-
matically interested readership to understand the Earth as our living environment. As
in last 6years, high mathematical quality in combination with georelevance will be
canonically expected from the contributions to the journal.Moreover, wewish youwill
enjoy the journal GEM and continue to make it a great success in geomathematically
driven science.
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