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1 INTRODUCTION 

Many rivers and coastal areas around the 
World are facing increasing demands on 
both land and water resources for human 
settlement growth, navigability, and energy. 
Thus, there is a necessity for improving the 
prediction of flow and sediment transport for 
a wide range of river sizes and coastal seas. 
Bed forms are ubiquitous features in shallow 
and deep-water environments, having a 
strong influence on flow properties and 
sediment transport; as such, a better 
understanding of their dynamics is of 
relevance for engineers, geomorphologists, 
and planers (Best, 2005; ASCE, 2002).  

Despite the significant improvement on 
the scientific understanding of bed form 
dynamics from field, laboratory and 
numerical investigations performed in the 
last decades, many aspects remain obscure 
(Allen, 1983; Best, 2005). The availability 
of more sophisticated equipment (such as 
multibeam echo sounder) and data analysis 
techniques played an important role in this 
evolution by providing a large amount of 
detailed measurements which can be 
analyzed to help improve our knowledge on 

the mutual interaction of bed forms and 
flow. However, these data may not always 
be freely available and are certainly not all 
analyzed in a standardized manner. 

In recent years, the necessity for the 
scientific community to move towards a 
paradigm for open and free sharing of 
scientific data and software has been 
underlined (McNutt et al., 2016). Although 
some disciplines (e.g., astronomy and 
oceanography) have a long tradition of 
sharing data, we believe that it is fair to state 
that it is still a pending challenge for the 
community of engineers and scientists 
devoted to the analysis of river and coastal 
dynamics, as well as the community dealing 
with bed forms dynamics, which regularly 
meets at the MARID conference.  

The objectives of this contribution are 
twofold, namely: [1] to discuss on the 
challenges and opportunities of open and 
free sharing of bed form data based on 
similar experiences from other disciplines, 
and [2] to identify the applications that can 
be added to Bedforms-ATM that potentially 
would help improve our understanding of 
bed form dynamics and/or standardize bed 
form data analysis.   
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2  CHANGING OUR PARADIGMS 

2.1  The opportunity 

To date, two paradigms are becoming 
more prevalent in scientific research, 
namely: openness, and data-intensive 
scientific approach, which may even turn 
into a big-data-intensive scientific approach 
soon. Openness [1] enhances the 
productivity and efficiency of research by 
preventing to repeat scientific studies; [2] is 
essential to the validation of hypothesis, 
theories, data, and results; and [3] helps to 
promote trust among scientists by fostering 
cooperation and collaboration. Openness 
demands not only allocating information but 
also allocating the necessary resources to 
understand, validate, and apply information 
such as data, results, methods, and tools 
(Resnik, 2006; McNutt et al., 2016).  

Data-intensive scientific approach has 
called the attention of the scientific 
community and has become a new 
opportunity and incentive to knowledge 
discovery because it expands the 
correlations among multi-disciplinary data, 
which subsequently triggers the discovery of 
new models, new rules, and new knowledge 
(Hey et al., 2009; Guo et al., 2017). Some 
researchers (e.g., Peng et al., 2016) even 
propose that “universities, research 
institutions, and funding agencies should 
develop new measures to evaluate a research 
project’s success not only based on 
publications and other outcomes it produces 
but also based on the amount and quality of 
data it makes available for the wider user 
community and society.”  

As it is the case in many disciplines, we 
believe that the aforementioned paradigms 
are not currently fully present in the coastal 
and river geomorphology community, and 
thus, it represents a pending challenge.  

2.2  The challenges 

Some cultural, institutional, and 
technological constraints limit openness in 
many scientific disciplines and possibly, by 

extension, the evolution towards big-data-
driven science. Based on the experience of 
some of the co-authors of this contribution, 
these limitations are more deeply present in 
the scientific community from developing 
countries. Cultural and institutional 
constraints will possibly be forced to change 
as many funding agencies and peer-
reviewed journals have adopted regulations 
that require scientists to share data, results, 
methods, and tools (Resnik, 2006). 

Data are often shared within a working 
group or with close collaborators before 
being published and declared to be openly 
available after publication (Buys et al 2015). 
This step of openly sharing of the data 
however is rarely completed. For instance, 
less than 1% of the collected ecological data 
is accessible after publication (Reichman et 
al., 2011), even though important 
discoveries were made by integrating large 
data sets from many systems, for example in 
ecology, and the potential benefits of data 
reuse and open data citation are widely 
recognized (Hey et al., 2009; Lindenmayer 
& Likens, 2013, Piwowar & Vision, 2013). 
Other disciplines, such as genomics, have 
shared repositories, chiefly due to the 
homogeneity of their data (Reichman et al., 
2011). Past research has underlined the 
necessity for having access to large amounts 
of bed form data from well-documented 
theoretical and experimental case histories, 
and the need for integrated interdisciplinary 
studies to fully understand the 
morphodynamics of bed forms (Allen, 1983; 
Dalrymple and Rhodes 1995; Best, 2005). 

Some researchers (e.g., Kwoll et al., 
2014; Lefebvre & Winter, 2016; Winter et 
al., 2016; Gutierrez, 2017) have made bed 
form data publicly available. For instance, 
Gutierrez (2017) published synthetic bed 
form data, which contains ripple, dune, and 
bar-like features that can be used to assess 
bed form hierarchization techniques. 
Likewise, Gutierrez et al. (2018) reported 
the development of Bedforms-ATM, a free 
available software for bed forms data 
analysis, which also provides field bed 
forms data from the Parana River, 
Argentina.   
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We believe that two major technological 
challenges will arise in the effort to 
changing our paradigms, namely: [1] dealing 
with the heterogeneity of bed form data that 
results from the lack of common 
experimental practices, field measurement 
standards, and data analysis (Reichman et 
al., 2011; Gutierrez et al, 2013); and [2] 
tracking the provenance of data derived 
from original data sets, and the scientific 
outcomes stemming from them through 
quality control, analysis, and modeling 
(Reichman et al., 2011). 

Despite the potential benefits of having 
access to massive bed form data collections, 
we must be aware that it might induce the 
proliferation of inductive science (i.e., 
developing research questions after having 
data), which, although a valid research 
method, may contradict the current 
workflow of science. It also opens the door 
for the existence of scientists who might 
hardly be motivated to gather data, because 
it is time and resource consuming, and who 
might simply take data gathered by others 
(Lindenmayer & Likens, 2013). This might 
be prevented nonetheless by following a 
good practice that those using open-access 
data sets must work in close collaboration 
with those who collected these data sets 
through co-authorship, attribution, or 
citation (Lindenmayer & Likens, 2013). 
Overall, it is recognized that data sharing 
increases citation rate (Piwowar et al., 2007) 
and we believe that it would advance bed 
form research in general and profit to all, 
those who initially collect and analyze the 
data and those who subsequently reuse 
them. 

2.3 Tackling the technological challenges 

Data need to be stewarded throughout the 
entire data lifecycle, i.e. from data 
collection, to management of active data 
sets, to long-term archive. However, most 
disciplines still lack the technical, 
institutional, and cultural frameworks to 
support open data access (Peng et al., 2016).  

The Federation of Earth Science 
Information Partners (ESIP) aims at making 
earth science data more discoverable, 
accessible, and usable. In this vein, the ESIP 
Data Stewardship Committee has provided a 
set of recommendations, best practices, and 
guidelines allowing to influence data 
management carried out by government 
agencies and other data stewards (Downs et 
al., 2015). ESIP proposed a provenance and 
context content standard (PCCS) which lists 
all content items required to fully represent 
the provenance and context of the data 
products resulting from earth science 
missions, namely: content item name, 
descriptive definition, rationale (why a given 
item is needed), criteria (how good the 
content should be), priority, user community 
(who would most likely use the item), 
source, project phase capture, representation 
(word files, numeric files, etc.), and 
distribution restrictions (e.g., proprietary 
concerns). PCCS presented these items in a 
matrix that is considered a good starting 
point for developing a standard to offer 
guidance for data producers, data managers, 
and others (Ramapriyan et al., 2012). ESIP 
has stated its openness to apply PCCS 
standards to other types of data and has 
encouraged the organizational and 
individual membership-based participation 
of earth science data providers (Downs et 
al., 2015). ESIP has also tested the data 
stewardship maturity matrix developed by 
Peng et al. (2015), which can be applied by 
data centers and other data-holding 
organizations.  

We believe that the MARID conferences 
could be a unique platform to discuss on the 
creation, management, distribution, use, and 
citation of bed form data, which eventually 
might lead to devising an organization that 
can work in partnership with, for instance, 
ESIP. We are aware that for this end, 
funding, a cooperative attitude from the 
community of engineers and scientists, and 
the collaboration with public and private 
institutions, nongovernmental organizations, 
among others, will be necessary. 

The bed form data set that can be 
potentially built does not necessarily have to 
be a single system. Instead, it can be made 
up of centralized multiple crowdsourced 
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open-access data entities. Large complex 
platforms such as the Digital Earth are 
usually built this way (Guo et al., 2017). It is 
expected that stewarded bed form data 
would potentially encompass heterogenous, 
multi-source, multi-temporal, multi-scale, 
high dimensional, highly complex, and 
unstructured geospatial data sets, which are 
typical characteristics of many geophysical 
signals datasets (Nativi et al., 2015).   

3  TOWARDS BED FORM DATA   
ANALYSIS STANDARDIZATION  

With more openly accessible bed form 
data, scientists will require more complex 
processing and data analysis tools. In this 
regard, code used to analyze, and process 
data will be a fundamental requirement for 
transparency and reproducibility (McNutt et 
al., 2016). We believe that the Bedforms-
ATM platform by Gutierrez et al. (2018) 
could potentially be used to build such code.  

Bedforms Analysis Toolkit for Multiscale 
Modeling (Bedforms-ATM) currently 
comprises the following applications: [1] 
Bed forms wavelet analysis; [2] Power 
Hovmöller analysis; [3] Bed forms 
multiscale discrimination, which 
discriminates bed form fields into three 
scale-based hierarchies (e.g., ripples, dunes, 
bars); and [4] Three-dimensionality analysis, 
which quantifies the three-dimensionality of 
bed form fields. Herein we enumerate the 
applications that can be incorporated into 
Bedforms-ATM in the short term for the 
analysis of both marine and fluvial bed 
forms. 

3.1  Atomization of bed form fields 

The atomization of bed form fields, i.e. 
the identification and extraction of single 
bed form entities from bed form fields, and 
subsequent quantification of its geometric 
characteristics (e.g., stoss and lee side 
slopes, wavelengths, and amplitudes) 
provides information on the interactions of 
flow field, and suspended sediment (Best, 
2005). Some researchers (e.g., van der 
Mark, 2008; Gutierrez et al., 2013) have 

already presented methodologies to perform 
the atomization of bed form fields. These 
methods are easily reproducible or openly 
available and can therefore be used to 
standardize the atomization of bed form 
fields. They could be incorporated into 
Bedforms-ATM and be expanded to include, 
for example, a three-dimensional 
atomization.  

3.2  Bed form statistical analysis 

Bed forms atomization is also necessary 
for identifying fully developed bed form 
fields in experimental environments and 
quantifying the variability of natural bed 
forms through statistical analysis (van der 
Mark, 2008; Gutierrez et al., 2013; Perillo et 
al., 2014; LeRoy et al., 2016). There is a 
body of evidences that suggest that large 
rivers are characterized by bed forms with 
leeside slope lower than the angle of repose. 
Thus, Best (2005) stated that the study of 
low-angle bed forms constitutes one of the 
main future research topics in the 
understanding of bed forms dynamics. To 
this end, sharing data from worldwide large 
rivers and standardizing bed forms 
atomization will be needed. A statistical 
analysis of bed form fields and their 
characteristics will enable a better 
characterization of their properties and 
provide possible explanation of their 
dynamics. 

LeRoy et al. (2016) reported the 
development of SABAT (Slope-aspect 
bedform analysis tool), a Matlab tool that 
does not identify superimposed bed forms 
but performs a variety of statistical analyses 
on bed form’ wavelengths and amplitudes. 
However, to the best of our knowledge, 
SABAT is not publicly available. Van der 
Mark et al (2008) quantified the variability 
in bedform geometry from a series of 
bathymetric measurements in the lab, in a 
small river (0.25 m water depth) and the 
Rhine (8 m water depth). Their analysis 
could be expanded and deepened in a variety 
of environment, especially in diverse large 
and small rivers, in order to statistically 
describe bed form parameters and their 
variability. 
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3.3  Characterization of experimental bed 
forms 

Dumas et al. (2005) proposed a 
discrimination scheme for experimental bed 
forms resulting from oscillatory and 
combined flows. It is based on a wavelength 
threshold of 0.5 m for characterizing 
symmetrical small ripples, asymmetrical 
small ripples, symmetrical large ripples, and 
asymmetrical large ripples. This scheme has 
been successfully used in the past (e.g. 
Perillo et al., 2014). We believe that after 
developing a methodology for atomizing 
bed form fields, the scheme of Dumas et al., 
(2005) can be used to: [1] perform statistical 
analysis over single entities of bed forms, 
and [2], provided that enough information is 
available, study the time it takes for bed 
forms to become fully developed, which is 
of special concern for the understanding of 
bed forms morphodynamics (Allen, 1983; 
Best, 2005; Doré et al., 2016). 

3.4  Characterization of marine bed forms 

Bed forms in marine environments have a 
great variety of dimensions and shapes, for 
example small-scale ripples, tidal dunes and 
sand waves. They are found at a wide range 
of depth, from the intertidal zone to the 
continental rise and are subjected to diverse 
hydrodynamic forcings (e.g., regular and 
storm waves, and tidal, wave-induced or 
contourite currents). They also form in 
diverse sedimentary settings such as sand, 
mixed sediment or sediment starved. 
Extensive bed form fields are now well-
known and the control of their morphology 
by environmental parameters is better 
understood (e.g. Damen et al, 2018). 
However, Garlan et al. (2016) invites for a 
renewed classification of marine bed forms 
following the recent improvement of bed 
form mapping and characterization. This 
could be done in the framework of a large 
collaboration bringing marine bed form data 
together to be analyzed in a standardized 
and comprehensive way.  

4  CONCLUSIONS 

Scientific openness, and data-intensive 
science are becoming more important in 
today’s scientific inquiry; however, they are 
not currently prevalent in the community of 
fluvial and coastal morphologists and 
engineers. We believe that these paradigms 
open a myriad of possibilities to better 
understand the spatio-temporal mechanisms 
that govern the dynamics of bed forms, 
which, at present, remain obscure.  

A change towards scientific openness 
will pose some technical challenges such as 
handling copious data, which involves 
transferring, storing, managing, processing, 
computing, and sharing such data. We 
believe that MARID represents a unique 
platform to discuss on the opportunities and 
challenges related to changing our scientific 
paradigm.  

Bedforms-ATM can potentially be used 
as a common platform for standardizing bed 
form data analysis methodologies via the 
contribution of river and coastal engineers 
and scientists. In our opinion the following 
applications could be developed on the 
Bedforms-ATM platform in the short term: 
[1] an application to atomize bed form fields 
(i.e., identifying single bed form entities), 
[2] an application to perform statistical 
analysis over single bed form entities, [3] an 
application to discriminate experimental bed 
forms based on the Dumas et al. (2005) 
classification scheme, and [4] an application 
to classify marine bed forms. 
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