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Abstract

Surface roughness may be thought of as a surface's tendency to not be smooth, and it is therefore connected
to how humans (via their haptics) perceive the texture of a surface. It is a multsiscale feature that is connected to
the spatial variability structure of surfaces from a mathematical standpoint. Depending on the disciplines that are
taken into consideration, it has many definitions and interpretations. In nature, rough surfaces are common. Surface
roughness is encountered and produced by near-surface processes. The resolution, scope, and accessibility of
topographic information have all increased as a result of recent developments in surveying. In order to facilitate a more
organized interchange of roughness formulations, this comprehensive overview summarizes efforts to express surface
roughness in such datasets using examples from many Earth Science fields. The notion of roughness is surrounded
by a variety of problems. Although these distinctions are occasionally made, the word "roughness" has been used to
refer to a surface feature, a flow attribute, and a model tuning parameter. The number of techniques for measuring

surface roughness has multiplied.
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Introduction

In the Earth Sciences, roughness is used in a broad variety of
applications, thus attempts to develop a standardized parameter set
will probably be difficult. However, a uniform approach for reporting
roughness calculations would be desirable, particularly in light of how
crucial the selection of the partition scale is in making the distinction
between roughness and topography. Surface roughness is used as
a variable in applications as a stand-in for less quantifiable variables
(such as in the estimate of flow resistance) or as an indication of near-
surface activities. If proper parameterizations are to be produced, it
is imperative to take into account the pattern of surface roughness,
according to recent research exploring interactions between roughness
features (such as sheltering). By addressing these concerns, the great
potential provided by developments in topographic surveys will be
maximized [1-3].

In all areas of earth sciences, surface roughness characterization is
crucial. Rough surfaces are encountered and produced by every action
taking place at the Earth's surface. Roughness, though, hasn't yet been
adequately addressed. Different yet parallel techniques have emerged
in many disciplines, typically coming from fields outside of the Earth
Sciences, such as engineering sciences, to establish separate methods
of measuring roughness. As a result, there is a substantial corpus of
specialized literature outlining techniques for coping with rough
surfaces. The possibility of unifying or at the very least improving
communication across approaches to dealing with roughness is
demonstrated by specific examples of the transplantation of roughness
formulations between disciplines. This review's objective is to make
the interchange of roughness formulations within the Earth Sciences
more organized. In order to encourage the cross-fertilization of these
concepts, similarities and contrasts in how various sub-disciplines
conceptualize, quantify, and parameterize surface roughness are
investigated. Cross-cutting problems, solutions, and difficulties are
noted. It is outside the scope of this work to chart the historical history
of roughness formulation in each subject; reviews of this are already
available in several areas. Compared to earlier discipline-specific
evaluations, seeks to address a wider variety of roughness applications.
The resolution and scope of the topographic data now accessible have
rapidly improved as a result of recent surveying advancements. In the
meanwhile, increasingly precise and detailed worldwide coverages

are accessible through satellite optical and radar imaging. Surveys
of surfaces covered in soil, ice, or water are permitted via ground-
penetrating radar (GPR), radio-echo sounding (RES), and bathymetric
green LiDAR, respectively. Additionally, there are now global planetary
LiDAR data sets for the Moon and Mars. Alongside these developments,
topographic data are becoming easier to get thanks to "Structure-
from-motion," which uses consumer-grade digital cameras to produce
high-resolution three-dimensional models without knowing the exact
camera position. There are currently many different topographic data
formats available, ranging from one-dimensional transects or profiles
to completely three-dimensional point clouds created using rasterized
digital elevation models. More focus is being placed on effective ways
to derive useful roughness parameterizations from these data products
while maximizing the value of the data that is already available [3-10].

Roughness's fundamental idea is intuitive. However, closer
examination reveals a poorly defined notion with numerous clearly
distinct interpretations, which prevents more frequent interdisciplinary
discussions. Given the significance of rough surfaces in nature and how
common they are, this is unexpected. Three fundamental causes of this
misunderstanding may be identified: (i) terminological difficulties; (ii)
the oversupply of roughness parameters; and (iii) the scale-dependency
of roughness.

Conclusion

This review has brought attention to the various ways that
"roughness” is conceptualized, quantified, and applied in Earth
Sciences. It also highlights how crucial it is to make sure that each
study's roughness calculation is clear as well as the potential for
sharing concepts and techniques across subfields. Surface roughness
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(surface texture) includes surface roughness, which is sometimes
abbreviated as roughness. It is measured by how far an actual surface
deviates from its ideal shape in the direction of the normal vector. The
surface is characterized as rough if these variations are considerable
and smooth if they are minimal. Roughness is frequently regarded in
surface metrology as the high-frequency, short-wavelength component
of a measured surface. In order to be sure that a surface is suitable
for a purpose, it is frequently required in practice to know both the
amplitude and frequency. How a genuine thing will interact with its
surroundings is significantly influenced by its roughness. In tribology,
rough surfaces often have greater friction coefficients and wear more
quickly than smooth surfaces. Since surface imperfections may serve as
initiation locations for fractures or corrosion, roughness is frequently
a reliable indicator of how well a mechanical component will operate.

Roughness, on the other hand, could encourage adherence. In
general, cross-scale descriptors like surface factuality offer more
accurate predictions of mechanical interactions at surfaces, such as
contact stiffness and static friction, than scale-specific descriptors. High
roughness values are frequently undesirable, yet they can be challenging
and expensive to regulate in production. For fused deposition modelling
(FDM) made components, it is difficult and costly to manage surface
roughness. A surface's production cost often increases as its roughness
decreases. This frequently leads to a trade-oft between a component's
manufacturing cost and its application performance. Roughness can be
assessed manually using a "surface roughness comparator” (a sample
of known surface roughness), but more frequently, a profile-meter is
used to quantify the surface profile. These can be of the optical (such as
a white light interferometer or laser scanning confocal microscope) or
contact (usually a diamond stylus) form. However, regulated roughness
is frequently preferred. For instance, a regulated roughness is necessary
since a gloss surface may be both overly glossy and slippery for the

finger (a touchpad is an excellent example). In this situation, both
amplitude and frequency are crucial.
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