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ARTICLE INFO ABSTRACT

Keywords: This study aims to set up a metadata profile useful for preparing an interoperable dataset containing snow and ice
Snow hyperspectral measurements. The proposed Snow and Ice Spectral Library (SISpec) scheme was prepared for

Field spectroscopy sharing a data collection focused on Antarctica, including 70 observations. Following the perspective to grant

r:&z‘:;ce “open access” to such a dataset, we found a compromise between the ERC (European Research Council)
Data model guidelines, the FAIR (Findability, Accessibility, Interoperability, and Reuse) Data principles defined by the RDA
Interoperability (Research Data Alliance), and the GEO (Group on Earth Observation) Data Sharing Principles. The ISO (Inter-

national Organization for Standardization) standard 19115 was chosen as the standard framework for describing
SISpec. When the available metadata scheme was not sufficient or suitable, metadata extensions or new detailed
metadata components were created to be compliant with the ISO 19115 standard. We also considered the
INSPIRE (Infrastructure for Spatial Information in Europe) requirements and the result is a metadata model that
can be useful to share SISpec metadata both in the European and international contexts. Particularly detailed
metadata sections and elements were created for describing spectral signatures and microphysical snow

parameters.

1. Introduction

Snow and ice cover a large portion of our planet and they are highly
vulnerable to climate changes. To monitor the spatial and temporal
extensions of these surfaces it is necessary to use both field and remote
sensing data. The snowpack, defined as a layer of ice crystals of diverse
sizes and shapes (Rees, 2006), and the ice surface can be recognized in
the remotely sensed images considering the peculiarities of their spectral
behaviors. While light-absorbing impurities (lithogenic minerals dust,
algae, soot) impact more on the visible wavelengths range (Warren,
2019), the snow properties in the short-wave infrared domain
(1400-2500 nm) are dominantly affected by the size and shape of the ice
crystals (Dominé et al., 2006). Compact ice surfaces have a spectral
behavior like the snow surface in the visible range and they absorb
almost completely the incident radiation in the short-wave infrared
ranges (Rees, 2006). The optical behavior of snow and ice is therefore a
key component of the knowledge required for calibrating and validating
satellite data. The collection of ground-based observations, provided by
portable spectroradiometers, is an ideal data source, which is extremely
interesting if those hyperspectral observations were obtained during
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field campaigns located in remote regions. There is unfortunately still a
gap between observations and modeling of the snow cover and the
challenge consists in introducing the microphysical properties of the
different snow layers, with particular attention to the snow grain habit
mixture (Dang et al., 2016; He et al., 2018; Saito et al., 2019).

A set of this kind of data, collected in Antarctica, is partially included
in the spectral library (SISpec) aimed at supplying the interpretation of
Landsat imagery (Casacchia et al., 2002). This library was adequately
coupled to ancillary information and the dataset was distributed in
different ways, both as an archive and browsed through a website
(Ghergo et al., 2000) but to increase the value of such data, it is now
necessary to apply the best practices to optimize interoperability, and
reusability of the shared data. Starting from the goal to figure out a
better solution to share the SISpec data, we did a state-of-the-art analysis
of the metadata of some spectral libraries to define a metadata set that
would not only increase the interoperability of SISpec but also define
metadata that specifically describes snow.

The proliferation of data characterizes our age, but we risk what is
described in the phrase “We are drowning in data but starved for in-
formation” (Brown, 2014). This has become a common saying in this
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time of “big data”, the vast amount of scientific data available has
increased the need for rules and principles for data management and
organization. Many scientific data are organized as a sort of “hidden”
archive whose discovery and recovery is a kind of scientific treasure
hunt. The effort that is being aimed at in these years is to reach an
efficient discovery of data and reuse of research results. Moreover, the
scientific community has decided upon principles to grant “open access”
in activities as the European Research Council (ERC) guidelines, the
principles of findability, accessibility, interoperability, and reusability
(FAIR) data, the Group on Earth Observations (GEO) Data Sharing
Principles. Some data-sharing initiatives focused on field spectroscopy
have lately appeared in the remote sensing community such as NASA’s
EOSDIS (Earth Science Data and Information System), the LTER (Long
Term Ecological Research) network, the Australian Terrestrial
Ecosystem Research Network (TERN), SpecNet (Rasaiah, 2015). All
these experiences have in common that to make it possible to share data
in whatever form it is produced and organized, there is a need for rules
to be followed (Wilkinson et al., 2016). The value of shared data in-
creases if datasets are findable or discoverable, enabling the
attribute-based search through a detailed description of both data and
metadata. Particular attention will be, therefore, necessary to prepare
data and metadata that are accessible, and retrievable in a variety of
formats suitable for humans and machines alike. A description of met-
adata that is interoperable must follow the guidelines of the commu-
nities that use it and follow a well-defined vocabulary. Finally, it must be
taken into account also the reusability when the definition of essential,
recommended, and optional metadata should be machine processable
and checkable, the use should be straightforward, and data should be
referenced to support data sharing and recognition of data value itself.
All these requirements refer to the FAIR and GEO principles for the
management of scientific data, and it is critical to consider these prin-
ciples valid for both humans and machines.

The collection of hyperspectral measurements, firstly based on ac-
quisitions performed under laboratory conditions in the 60s, and
including later in-situ measurements, is defined as a spectral library
(Clark et al., 1990). Spectral libraries (SL) include additional ancillary
information (such as chemical compositions, measurement conditions,
etc.) to support the identification of many different materials. The first
spectral libraries, like those provided by USGS (Clark et al., 1993) and by
the NASA JPL (Jet Propulsion Laboratory) (Grove et al., 1992), were
dedicated to mineral and rock as an extension of the mineralogical and
petrographic analysis and only later were they used to interpret the
multi and hyperspectral images. In the last 20 years, spectroscopic
techniques have acquired a growing relevance to study the planet’s
different surfaces, especially because spectroscopic measurements are
rapid, precise, and inexpensive (Rasaiah et al., 2014; Viscarra Rossel
etal., 2016) and the need for ground-truth observations for satellite data
calibration and validation became a major requirement (Bojinski et al.,
2003). In the scientific literature, several SL on minerals, soils, rocks,
vegetation, and man-made materials are well known. In those SL spec-
tral signatures are collected in different wavelengths that usually cover
the wavelength intervals specific to passive optical images (Viscarra
et al., 2016, Nidamanuri and Ramiya, 2014, Rasaiah et al., 2012, 2014,
Jiménez and Delgado, 2015, Fang et al., 2007, Herold et al., 2004). SLs
were in some cases updated as data services where collections can be
browsed online (Meerdink et al., 2019; Kokaly et al., 2017) and the
spectra directly imported into software packages (QGIS, ENVI) using
proprietary or text file formats.

Recently, in addition to the increasing number of datasets, the li-
braries have evolved to novel paradigms such as Spectral Archives and
finally to Spectral Information Systems (SIS). The SIS paradigm, applied
for the Swiss Spectral Input/Output (SPECCHIO) (Hueni et al., 2020)
and EcoSIS (Wagner et al., 2019) collections, is based on the develop-
ment of complex systems aimed at managing large datasets and sharing
them through application programming interfaces (API) or web portals.
While at first spectral signatures were collected in SLs archives used by
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individual researchers in their workplaces, the need to share informa-
tion with a larger audience and advances in technology have led to a
greater need for sharing.

Information contained in spectral libraries to be shareable and
interoperable must be organized. Key components for describing data
are metadata since, as the term implies, data about data, are “structured
data about everything that can be named” (DCMI, 2021). The metadata
profile represents, in this case, the digital content using a set of pre-
defined attributes. This information is useful for the description of the
investigated materials and of the database that contains them (Gilliland,
2016). Moreover, metadata is common in information systems and oc-
curs in many forms and is essential to the systems functionality, de-
scribes the content, enabling users to find what they are looking for,
record important information about data, and helps share them. (Riley,
2017). Well-made metadata schemas should be designed according to
international rules and standards such as the ones from the International
Organization for Standardization (ISO), the Dublin Core Metadata
Initiative (DCMI), or the Infrastructure for spatial information in Euro-
pean Community (INSPIRE). The INSPIRE directive 2002/2/EC imposes
strict rules for European countries regarding drafting and sharing of
metadata, to enable interoperability across the European Union and
beyond. The ISO 19115 standard supports (ISO 2014, 2019) these
practices describing structured relations between included elements,
and additional components mentioned in other standards of the 19100
series, through the adoption of the Unified Modeling Language (UML)
and the eXtensible Markup Language (XML) useful for the imple-
mentation of metadata that support the machine-to-machine exchange.
The ISO 19115 identifies the minimum metadata set (core Metadata)
required for describing datasets and it provides, associated with addi-
tional more specific references, guidelines for completing the descrip-
tion of attributes concerning: the base dataset metadata; the acquisition
description; and, eventually, the characterization of the surface. While
the first base component is already standardized following the ISO and
INSPIRE guidelines, the acquisition section is only partially described by
the ISO (2019) The information about the observing methodology re-
quires the collection of many details that are domain-specific and, in our
case, the experimental setup must consider a scheme provided in liter-
ature by different sources (Rasaiah et al., 2014; Jiménez et al., 2014;
Hueni et al., 2011). Although the available schemes are an ideal back-
ground for describing, with large flexibility, most of the possible
experimental setups, all of them are unfortunately user-oriented not
aligned to the INSPIRE directives aimed at discovering datasets. Simi-
larly, a snow extension is not already described in the literature for the
discovery of snow-related datasets, but a good backbone is represented
also in this case by the Canadian Avalanche Association Markup Lan-
guage (CAAML), described by (Haegeli et al., 2010). This standard was
born for the electronic representation of information pertinent to
avalanche safety operations, but it is also a tool for sharing data with the
community. From this perspective, the alignment of this scheme, and
consequently of the International Classification for Seasonal Snow on
the Ground Fierz et al. (2009), to the ISO (2014; 2019) and INSPIRE
guidelines (INSPIRE, 2007) is one of the gaps that this work aims to fill.

The use of standard attribute naming conventions is an additional
point that must be addressed. Looking at the available SLs or SISs, none
of them follows a standardized naming convention such as the Climate
and Forecast (CF) convention (Eaton et al., 2020) or the Attribute
Convention for Data Discovery (ACDD) guideline (ESIP, 2020). These
resources contribute to a reliable description of what each variable
means, and of the spatial and temporal properties of the data. Several
examples of discrepancies between attribute descriptions are possible
considering core metadata such as the “institution”, “id” and other basic
attributes. This mismatch, considering that we are referring to the
machine-to-machine interaction, is a major issue if we include the
acquisition information (“instrument”, “sensor”, etc.).

Finally, the selection of the most appropriate file format is a major
discussion element since, as in our case (SISpec) a dataset including



S. Di Franco et al.

observations of the snow surface using field spectroscopy represents a
complex object difficult to be handled using unstructured file formats
(such as an ASCII file). Considering that these measurements are a
geospatial data feature and that a self-described data format supports a
higher level of interoperability, a reasonable choice seems to be the data
model based on the Network Common Data Form (NetCDF) file format
(Rew et al., 1997). The NetCDF is a set of machine-independent software
libraries and data formats that provide support for the creation, access,
and sharing of array-oriented scientific data. This data format is an Open
Geospatial Consortium (OGC) standard maintained by the UNIDATA
community and is already recognized by several agencies and in-
stitutions (Domenico, 2011).

Unfortunately, the approach “one-size-fits-all” is unhelpful and
restrictive. Having this in mind, we decided to proceed systematically to
approximate the best possible description of a Snow and Ice Spectral
(SISpec) scheme starting from the most common metadata standards to
describe a specific library of spectral signatures of snow. To reach the
goal we created a metadata profile compliant with current ISO standards
and INSPIRE directive, starting from snow descriptions collected in the
field to support radiometric measurements. The major goal of the pro-
posed scheme is to approach the snow cover as a complex mixture of
different crystal shapes and dimensions, using a harmonized classifica-
tion and a standardized way to describe the microphysical behavior of
the observed snow cover.

This study presents a methodology based on existing hyperspectral
measurements of different snow surface types and on available inter-
operability standard resources (data format and guidelines). The pro-
posed approach covers the survey about attributes required by
interoperability standards, the definition of encoding specifications, and
consequently the description of a specific metadata profile. The novelty
is based on the definition of a snow-related extension aimed at obtaining
fully-described metadata about the base data information, the instru-
mental setup and above of all about the surface snow description. The
contribution of such a profile is not only investigated in terms of inter-
operability between spectral libraries but also as a trigger for the
ingestion of snow hyperspectral observations into spectral information
systems.

2. Methodology

The design of a metadata profile requires a test dataset, in this case,
based on field hyperspectral measurements, which supports the defini-
tion of the necessary metadata components.

2.1. Hyperspectral field measurements

We considered the first version of the SISpec library (Ghergo et al.,
2000) where spectroradiometric measurements of snow surface were
acquired on the field as well as some snow microphysical properties
(snow grains shape and size). This dataset included hyperspectral
measurements of snow and ice targets in the spectral range between 350
and 2500 nm. The measurements were collected in Antarctica (Casac-
chia et al., 2002) with the portable spectroradiometer, Fieldspec FR
(ASD Inc. Boulder, CO, USA) as absolute reflectance, i.e., as the ratio
between the radiation reflected from the surface and the radiation re-
flected from a Spectralon reference panel.

The measurements were performed in smooth and open areas, far
from the mountainous reliefs, sufficiently wide (about 100 x 100 m) to
be easily identified on satellite images with a spatial resolution of 30 m
per pixel. Particular attention was paid to selecting areas with homo-
geneous microphysical characteristics of the snowpack. For each mea-
surement site, the distinctive characteristics of the snowpack were
observed and recorded, such as the shape and size of the snow grains.
The density, hardness, and temperature of the surface layer of the
snowpack were also measured. Local weather conditions were also
noted during teach measurement session. The adopted standard for the
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description of the characteristics of the snow cover at the beginning of
the data collection was from Colbeck et al. (1990) and then it was
updated to the classification from Fierz et al. (2009).

2.2. The metadata profile

The creation of a specific metadata profile for snow and ice was
based on two core components: the metadata and the encoding technical
specification. The first one, the metadata technical specification, where
the metadata model is described using UML diagrams and tables. The
metadata sections and elements that are part of the profile are listed
(such as title, creator name, place, and date of creation, used to collect
information about a resource), including both the ones already existing
from international metadata standards and the newly introduced ones.
The second one, the encoding technical specification, where technical
details are present on how to encode in a specific machine format (e.g.,
XML, NetCDF, JSON, etc.) metadata documents that are compliant with
the metadata profile. The specification may also include schemas, tem-
plates, or online tools to help assure compliance with the metadata
profile.

The specific metadata set to describe the content of the SISpec library
was based firstly on general-purpose standards: the Dublin Core for the
general resources (Neiswender and Montgomery, 2010); the ISO stan-
dard for the geospatial information (ISO, 2014); and the acquisition
standard (ISO, 2019), which is the extensions focused on the acquisition
and the processing for the general description of the considered
observations.

The appropriate suite of metadata schemas was carefully chosen, to
best describe and provide access to databases. To complete the SISpec
metadata profile, we chose to adopt the ISO 191xx series of metadata
standards (ISO 2014, 2016, 2019). The first two ISO standards define a
wide variety of metadata elements for describing geographic informa-
tion. Part 1 contains fundamental elements (such as information about
the metadata itself, citation, spatial-temporal extent, lineage, reference
system, data quality), while part 2 focuses on elements for describing
acquisitions and processing (such as environmental conditions, instru-
ment, objective, operation, plan, platform, requirements). All the ele-
ments described in the two documents have been used as part of the
SISpec profile. These elements represent the ISO 19115 comprehensive
metadata element set, comprising both the ISO 19115 minimum
mandatory components (with mandatory obligations) and all optional
elements (in some cases mandating obligations). Additional re-
quirements for the SISpec profile come from the European directive
INSPIRE, as the SISpec profile aims to be fully compliant with it.
Technical guidelines for the implementation of the INSPIRE required
metadata for datasets based on ISO (INSPIRE, 2007) has been reviewed
to include in the profile all the needed requirements (e.g., include with
mandatory obligation selected optional ISO 19115 elements, or add
domain constraints). Finally, ISO (2016) has been considered to realize
the XML encoding of documents compliant with the SISpec metadata
profile.

Finally, we developed a snow-related extension where both regular
standards and existing resources were not enough to fulfil our needs and
describe the specific content of the SISpec profile. This component was
defined following the ISO rules contained in the ISO 19115 Annexes,
especially the Annex F “Metadata extension methodology”. The back-
bone of this extension was the classification for seasonal snow (Fierz
etal., 2009), which is already represented for data exchange purposes by
the CAAML (Haegeli et al., 2010).

Once we selected the standards for the metadata and defined the
structure, we dedicated specific effort to drafting attribute naming
conventions. This task is strictly associated with the use of the NetCDF
data format since it is a self-described data model that requires standard
attribute names for having complete interoperability. We referred our
attention to the Climate and Forecast convention and the Attribute
Convention for Dataset Discovery.
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3. Results

We used the SISpec dataset as a testbed for the creation of snow-
specific descriptive metadata. We are working to make available the
following products as the result of the standardization process:

@ The SISpec metadata profile technical specification, where the SIS-
pec metadata model is described with UML diagrams and tables. The
metadata sections and elements that are part of the profile are listed,
including both the ones from ISO 19115 and the newly introduced
ones (supplementary materials: appendix A-MC1)

@ The SISpec XML encoding technical specification, where technical
details are present on how to draft XML documents that are
compliant with the SISpec metadata profile and can be validated
according to the SISpec XML schema (based on ISO 19115 part 3 and
community extensions); and the SISpec Schematron (supplementary
materials: appendix A-MC2).

@ The SISpec NetCDF (Network Common Data Form) encoding tech-
nical specification, where technical details are available on how to
draft a NetCDF file that is compliant with the SISpec metadata pro-
file, being NetCDF a standard for sharing data. This file is presented
in Appendix A-MC3: supplementary materials: appendix A-MC3.

3.1. Description of the snow metadata profile

The SISpec metadata profile was created considering different
components (Fig. 1), which include: base, acquisition, and snow-
information components.

The “mandatory” Base metadata elements are attributes mandatory
or highly recommended by ISO (2014) to be included in profiles, such as
the dataset title, the reference date, the party responsible for the data
and metadata, the abstract about its content and so on. These mandatory
base attributes are in total 40 elements and 36 of them are mandatory for
INSPIRE requirements. Finally, the “comprehensive” Base metadata
from ISO (2014) are all the optional elements, 24 in total, that enable
users to describe their datasets with full details. The ACDD convention

Global attribute:
Base - =
ACDD Acquisition
150-1
150-2
INSPIRE
Snow F = -
community e ie spectr?gcopy
™~ communities g
c&F |
Variables ]

% Mandatory

Fig. 1. Representation of the Snow Ice Spectral Library (SISpec) metadata
profile and distribution of the metadata components.
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recommends 19 additional attributes (4 are strongly recommended)
useful for the data discovery. The “acquisition” component defined by
the SO (2019) completes the global attribute description of the
considered dataset with a set of information about the instrument setup
and the campaign geometric design. This component includes 13 ele-
ments, and 2 attributes are mandatory. The novel component is the snow
information extension, which includes additional information about the
experimental conditions for measuring the spectral reflectance, the
surface description of the target and finally, the variables associated
with the different available measurements and the microphysical con-
ditions of the observed snow surface. While about 42 features are
associated with the requirements defined by the different field spec-
troscopy communities (Hueni et al., 2020; Rasaiah et al., 2014; Jiménez
et al., 2014), the observed variables needed for describing the snow
optical behavior and microphysics are defined by the snow survey
community and by the CF convention (23 variables in this case).

The final scheme of the SISpec metadata profile will be composed of
three different elements: the metadata base, the acquisition information,
and the snow information (Fig. 2).

While the metadata base and the acquisition information are stan-
dardized information, mostly about the location, the geographical and
time domains, and the instrumental setup, the SISpec information rep-
resents the novel component to be described in detail. Referring to the
novel extended elements, we created an additional metadata component
aimed at including the specific aspects of the studied domain: the snow.
We considered 13 variables (5 are mandatory) that can include the
specific properties of snow and snow surfaces. The characteristics of the
snow were described considering the paper of Fierz et al. (2009).
Moreover, we considered in our profile 10 variables (8 are mandatory)
derived from the CF convention (Eaton et al., 2020). We considered for
the whole profile the use of standardized name alignment that was
developed following the Attribute Convention for Data Discovery (ESIP,
2020).

The section dedicated to the snow information (Fig. 3) holds four
different elements: i) the surface description, to describe the surface
object of the measurements using one string field; ii) the graphic over-
views, providing pictorial information (photos) about the target loca-
tion; iii) the snow conditions during measurements and the specific
observations; iv) the observed composition in terms of snow grain size.

The snow grains description was defined by considering the Grain
code list (Fig. 4) and identifying the type and relative composition of the
snow grains during the measurements. Each observed surface was
described, following the International Association of Cryospheric Sci-
ences (IACS) classification (Fierz et al., 2009), considering: the primary
classification, which discriminates the different morphological charac-
teristic of the snow crystals (e.g. precipitation particles, machine-made
snow, faceted crystals, etc.); the secondary classification, which spec-
ifies the subclasses associated with the description of the physical pro-
cess producing the particles (e.g. precipitation particles-stellar
dendrites, faceted crystals-solid faced particle); the percentage, indi-
cating the relative abundance of the grain concerning the total; the size
of the grain, quantified as a measure. The metadata profile allows the
description of main grain types (more representative) for each observed
surface.

The section focused on the snow condition includes different surface
descriptors as well as eventually measured parameters. The descriptors
are hardness and roughness that are listed in Fig. 5. The quantitative
parameters (thickness, density, roughness length and height, tempera-
ture, and humidity) require in addition to the measured value, also the
description of the used methodology. Moreover, the metadata profile is
designed to accept additional conditions, which can be nevertheless
described, using the “other Conditions” extension point, present to in-
crease flexibility and usability to the metadata model.

Finally, the acquisition of hyperspectral measurements is included in
the components related to the spectral information. The selected
parameter is the reflectance value associated with each wavelength
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Fig. 2. The SISpec metadata profile and the key components for its description.
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Fig. 3. The detailed structure of the SISpec information.
described in the Instrument description present in the Acquisition In- 3.2. Application of the novel metadata profile to the field data collection
formation. Referring to the general metadata component, it is important
to state that particular attention was paid to the terminological refer- The impact of the novel metadata description is essentially focused
ences for keyword metadatation; specifically, it was chosen to use the EU on having hyperspectral measurements, described in terms of experi-
thesaurus GEMET and the Snowterm thesaurus on snow and ice (Plini mental setup, associated with the observations about the snow micro-

et al., 2009).

physics. The available hyperspectral measurements of the surface snow
are generally tagged by labels or comments related to the size distri-
bution neglecting the possibility to consider the crystal shape and the
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Fig. 4. Code lists of the snow grain classification based on Fierz et al. (2009).

Hardness / Roughness
code code

Very soft Smooth

2t 7 Wavy SRR

Medium x Concave fUITows A A A A

Hard v Convex VY
furrows

Veery hard

Y X Random furrows

Ice -

Fig. 5. Code lists of the surface conditions based on Fierz et al. (2009).

complexity of microphysical mixtures. The contribution of the IACS
classification (Fierz et al., 2009) highlights the need of combining
different crystal shape and size for an appropriate identification of
different snow types. Having a rigorous identification of different crystal
shapes and size distribution, it is possible to define the processes
occurring on the observed snow layer. This information is critical for
different disciplines, and it is a major request from communities
involved in snow observations and modeling (He et al., 2018; Dang
et al., 2016).

Fig. 6 shows some hyperspectral measurements selected in the pre-
sented dataset, where the observations highlight large differences be-
tween surface types classified in ice, kinetic forms, and equilibrium
forms. The difference could be smaller between different equilibrium
forms, as in this example, and the IACS classification supports the
discrimination between equilibrium growth forms composed both by
rounded grains (RG in Fig. 4) with small and large rounded particles,
RGsr and RGIr respectively. One of the two showed snow observations is
therefore made up of both crystal shapes, where RGsr is the major
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Fig. 6. Examples of hyperspectral measurements of different snow cover types.

component and RGlr is the secondary one. The flexibility of the new
profile consists also in considering multiple crystal shapes and sizes in
the same observations. This feature offers the possibility to describe
mixed compositions instead of pure single snow types that rarely occurs
in nature, and it enhance to have a detailed description of the observed
snow layer.

4. Discussion

The need for a specific snow-related metadata profile comes out from
a review about the availability of such conventions in literature.
Considering the availability of spectral libraries (SL), spectral archives
(SA) and recently spectral information systems (SIS) focused on different
domains, the need for a metadata profile useful for interoperating be-
tween different systems is a major requirement. The availability of a
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snow-related metadata extension strengthens, moreover, the opportu-
nity to connect domain-specific collections (SL or SA) to general-purpose
systems (SL, SA or SIS). The evolution of the system paradigm to SIS
invokes furthermore the need for standard conventions (ISO and
INSPIRE) aimed at increasing the machine-to-machine interaction. The
available spectral collections can be grouped in general-purpose and
domain specific. The first group includes the SPECLIB SL (Kokaly et al.,
2017), the ECOsystem Spaceborne Thermal Radiometer Experiment on
Space Station (ECOSTRESS) SL (Meerdink et al., 2019), the SPECCHIO
SIS (Hueni et al., 2009) and the LUCAS database with its SL (Orgiazzi
et al., 2018). The second group includes the INTA SL (Jiménez et al.,
2014), and the Global vis-NIR SL (Viscarra et al., 2016). All these
datasets are designed for managing observations obtained by laboratory
and field instruments. Some of them, like ECOSTRESS and SPECLIB, are
characterized by text files, where single measurements (spectra) are
coupled to a limited amount (about 20) and not standardized metadata.
On the other hand, measurements available in SPECCHIO and INTA are
described with a more detailed and standardized metadata profile
featuring more than 50 attributes. The most important difference be-
tween these groups consists in the use of standardized attributes, which
supports the machine-to-machine dialogue, and the availability of
aggregated attributes, where information is solely oriented to human
interaction. Looking at snow observations, ECOSTRESS, SPECLIB, INTA
and SPECCHIO provide few spectra related to the snow matrix, but the
description is very coarse and difficult to be considered in specific
studies. The presence of such observations in those spectral libraries
highlights the importance of having such snow measurements and
stresses at the same time the need for more details for describing the
snow surface by the International classification defined by Fierz et al.
(2009). For example, the ECOSTRESS SL classifies snow observations in
the water category, as coarse granular snow, medium granular snow,
fine snow, or frost. This size-oriented classification is a limiting factor for
snow-related studies since complex mixtures of shape and dimensions
are possible. The profile extension supports the description of multiple
crystal types, up to three classes are frequent in nature, where the size is
coupled to the shape as well as to genesis of such crystals, with more
than 30 classes. This description is not only limited to the snow crys-
tallography, but it also opened to harmonise additional microphysical
properties, such as hardness and roughness, observed by using inter-
national standards. The need for a snow-related extension is, therefore,
more emphasized by looking at spectral-domain specific libraries
different from snow, where the communities focused on soil and vege-
tation are more advanced in defining a standardized and detailed met-
adata scheme. From this perspective, domain-related extensions are
important, and the proposed approaches represent a significant guide-
line for preparing a snow-specific scheme. The Global vis-NIR SL and the
LUCAS SL provide, in this case, soil-related extensions composed of at-
tributes (8 and more than 30, respectively) specific for soil chemistry
and physics that are not applicable for snow studies. Defining three
different components in the metadata scheme (Base, Acquisition and
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Domain), the considered spectral libraries show significant differences
(Table 1).

While the general-purpose and human-oriented libraries (SPECLIB
and ECOSTRESS) provides exclusively the Base component, the
machine-oriented collections (SPECCHIO, INTA, LUCAS, the Global vis-
NIR SL) include both the Base and the Acquisition components and they
are already oriented to a machine-to-machine interaction.

The connection between the different spectral libraries represents an
interesting perspective since during the last decades smaller databases
collapsed into broader services useful for the international communities.
While this process occurred in general-purposes databases for collapsing
single-institution libraries (Meerdink et al., 2019), domain-specific case
studies described how a soil-related metadata scheme is required for
harmonizing measurements at a global scale (Viscarra et al., 2016). The
example of the collapse process is what happened for the ECOSTRESS SL
that represents the union between SLs prepared by the NASA’s Jet
Propulsion Laboratory (Grove et al., 1992), the USGS (Clark et al.,
2003), the Johns Hopkins University previously included in the ASTER
database (Baldridge et al., 2009). From this perspective, the potential
interaction between the proposed SISPEC metadata profile and the
already available spectral libraries is an additional issue that must be
analyzed. Two interaction types must be considered: ingestion and
harvesting. The first type refers to the ingestion of the SISPEC metadata
scheme into the spectral data available in other databases. The first di-
rection considers the possibility to provide SISPEC-described observa-
tions to other databases. Although a limited number of snow-related
spectra are included in ECOSTRESS, SPECLIB and SPECCHIO, it is crit-
ical for SISPEC to interact with those state-of-the-art spectral libraries.
Analyzing the different metadata schemes, it is possible to assure a
complete overlap between SISPEC and the considered databases. While
the conversion is direct for SISPEC-to-SPECCHIO, the
SISPEC-to-ECOSTRESS and SISPEC-to-SPECLIB conversions require the
aggregation between different attributes included in the SISPEC scheme.
The opposite, to-SISPEC, process is unfortunately difficult in terms of
conversions not only due to the lack of snow information but also due to
the lack of some mandatory SISpec attributes. The required step for the
future machine-to-machine ingestion of SISpec data into state-of-the-art
spectral information system will be based on preparing specific con-
version tools aimed at preparing the data and attributes in the right
format. The availability of a larger number of attributes in SISpec will
provide the possibility to be aligned with other required profiles as well
as the possibility to aggregate attributes in specific metadata
requirements.

5. Conclusions

Science needs data, but it is increasingly difficult to share and search
them with accuracy and precision now that the increased availability of
interconnected sensors and improved storage systems poses the chal-
lenges of “Big Data”.

Table 1

Metadata structure in different spectral libraries.
Dataset Snow/total number of spectra Metadata Accessibility Ref

Base Acquisition Spectral Snow

ECOSTRESS" 3/3400 X browse; ascii Meerdink et al. (2019)
SPECLIB v7° 16/2468 X browse; ascii Kokaly et al. (2017)
Global vis - NIR spectral library 0/23361 X X X ascii Viscarra Rossel et al., 2016
SPECCHIO® 1913/155078 X X X browse; ascii Hueni et al. (2009)
LUCAS spectral library 0/22000 X X X ascii Orgiazzi et al. (2018)
INTA spectral library 0/n.a. X X private Jiménez and Delgado, 2015
SISpec 200/200 X X X NetCDF this work

n.a. not available.
2 https://speclib.jpl.nasa.gov/.
P https://crustal.usgs.gov/speclab/QueryAll07a.php.
¢ https://specchio.ch/.
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Considering the FAIR rules and metadata standards, the spectral data
and ancillary information contained in SISpec have been reconsidered
and made compatible with the principles illustrated above. The result is
the conversion of ancillary information into metadata. The new setup of
the library will provide the polar area monitoring community with an
effective tool.

We propose a metadata scheme, which coupled to a NetCDF data
model, represents the solution for having a formal and shared stan-
dardization aimed at producing well documented and sound metadata
for hyperspectral measurements. From this perspective, the availability
of metadata for optical, spectrally resolved, field data is an important
source of information useful for detecting remotely surface character-
istics when field data cannot be collected. Reflectance spectral libraries
can help to perform unsupervised hyperspectral image analysis to detect
and map surface material. It is well known by now, that there is no “one
size fits all” metadata schema and not even a standard for a controlled
vocabulary. You must then choose case-by-case finding the most
appropriate cataloguing standards to best describe and provide access to
your resources. The creation of consistent, standards-based, continu-
ously updated metadata can enable the researchers to publish infor-
mation about their data and activities in a timely and efficient way and
to disseminate this information more widely through specific protocols
and data formats (e.g., NetCDF).
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