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Abstract

There is urgency in acquiring continuous high duadipectroscopy data to solve problems in Eartliesys
science (Miltonet al., 2009). Informing users and stakeholders ofifigbectroscopy datasets of the impact of
high-quality data and metadata in the context aftEabserving data systems is an additional chgéefacing
the remote sensing community. Quality assurancéietd spectroscopy datasets necessitates oversigtht
standardization, both at local, national, and maépnal scales and is a way of ensuring robustadaga
protocols for field spectroscopy. The need for andardized methodology for collectirfigld spectroscopy
metadata has increased with the emergence of datang initiatives such as NASA’'s EOSDIS (EartheBcie
Data and Information System) LTER (Long Term Ecadah Research) network, Australian Terrestrial
Ecosystem Research Network (TERN), SpecNet, ane sdrthe smallead hoc spectral libraries and databases
created by remote sensing communities internatipnghis paper presents the central considerationfarge-
scale distribution and discoverability of field sp@scopy datasets and their metadata.
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1. Introduction

The volume of information derived from situ field spectroradiometers, across a broad varietpftén costly,
applications and instrumentation, grows each y€here is a recognized need within the internatioeaiote
sensing community to document, store, and shaté §igectroscopy data and metadata in consistentafisr
within dedicated data sharing and other intelligenchiving systems (CEOS 2013; GEO 2014). Establishnd
maintaining optimal integrity of the data is a kayority to ensure effective re-use of the dataj &m enable
more efficient and higher impact research.

Metadata is an important component in the catatggaind analysis dield spectroscopy datasets because of
their central role in identifying and quantifyinget quality and reliability of spectral data and fheducts
derived from them. There is currently no internagibstandard methodology for collecting field spestopy
metadata (Rasaia&t al. 2014). This makes rich and flexible metadata bditias a critical factor in the
interoperability and quality assurance of datasEhe largest publicly available spectral databggeduding
SPECCHIO, DLR Spectral Archive, USGS Spectral Liyalo not have a full suite of standardized metada
definitions, nor do they provide quality assurafarethe data or metadata. A pervasive lack of iguaksurance
for these data is a barrier to integration withsérg larger-scale data sharing systems that adbetata quality
assurance protocols.

2. Central issuesto sharing field spectroscopy data and metadata within lar ge geospatial
information sharing systems

Storing and distributing field spectroscopy datd aretadata within large data sharing systems regjsipecific
consideration for the data and metadatasets, tteestiakeholders, the IT infrastructure, and prd®éor data
and metadata distribution (Figure 1).
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Figure 1 Relationships among field spectroscopg datl metadata, data producers, owners, managketsears
relating to a large geospatial information shasggtem

2. 1 Data and metadata

Field spectroradiometer data relies on its assetiatetadataset for discoverability, proof of qyadiontrol and
assurance. The associated metadata also pernadta askr to assess whether a given dataset iblsuita their
purpose based on information including the gen&aedet and sampling properties, instrument proggrti
reference standards, calibration, hyperspectralasigroperties, and general project details. MgrecHically,
users can use this metadata to identify the imphtheir experiments and allow intercomparison afagets
(Duggin 1985; Kerekes 1998; McCoy 2005; Stuckeirs. 2009). An effective and reliable information shgr
system must incorporate capabilities for the stergd discoverability of both the data and assediatetadata.

2.2 Data producers and data users

Identifying the needs of users who will access asel the data, identifying an application profiled ahe direct
involvement of interested stakeholders are critioadesigning and implementing robust metadatedstas and
data sharing protocols. Engagement with data perduend data users with the requisite expertisgjatication
domains ensures that a metadataset is aligned awiflata user's needs. As stakeholders of the dietd, f
spectroscopy scientists have a vested interestaddpting a standard most suitable to their nesdsoth data
and metadata creators and users of these data.important that data producers, owners, and masage
coordinate their efforts to ensure that a metaeatessas complete and high quality as possible rbeitois
uploaded to databases, datawarehouses, cloudrpiatfor otherwise made available for distributi@r(1998;
Bruce and Hillman 2004; Loshin 2010; da Catial. 2011).

2.3 Rules and protocols for data and metadata production and distribution

There is no currently no standard for field spestopy data and metadata documentation or exchange.
Numerous bodies overseeing and advising the gdaabkpatences have adopted standards based on @e IS
191  standard family relating to storage, encodarmygl quality evaluation of geographic data. OGQ®
Geospatial Consortium) and INSPIRE (InfrastrucfisreSpatial Information in the European Communhgve

both adopted architecture and data interoperaljplibtocols for geospatial metadata based on EN 18015

and EN ISO 19119 (INSPIRE, 2009; OGC 2012). &hstmndards, however, fail to explicitly address th
metadata requirements of field spectroscopy catiectechniques, or the ontologies and data depeigen
required to model the complex interrelationship®oagithe observed phenomena as data and metadiissent
Critical metadata for field spectroscopy campaitnas been identified (Rasaiah al. 2014), but not yet
incorporated into a formal standard.



2.4 1T infrastructure

The absence of a central archiving apparatus &l 8pectroscopy data either for a specific campaigon an
international scale is a barrier to the efficierdhéving of data and metadata by spectroscopimtisis. Recent
developments in relational spectral databases declthe publicly accessible DLR Spectral Archive
(http://cocoon.caf.dlr.deand SPECCHIO http://www.specchio.ch/ as well as others designed in-house for
organizations engaged in field spectroscopy rebedéinese have allowed a more structured storagepfectral
measurements and their associated metadata (Pfitzale 2006; Huengt al. 2009).

The implications for maintaining integrity of fiekpectroscopy and metadata are magnified in larfgpenation
sharing systems and ‘big data’ environments. Thegeseveral IT infrastructure models that have tzekpted
for the sharing and distribution of scientific raseh in general and for geospatial data specificAlletadata
clearinghouses (NASA's Global Change Master Dimggt(NASA 2013) are public metadata inventoriesaof
broad spectrum of Earth science data and more fejadlgi, authoring tools, data discovery, and matad
transformation and conversion tools in accordanite 80, FGD, ESRI, Dublin Core, ANZLIC standards f
geospatial metadata. There exist data exchangeoriet among the geospatial community that are évglv
towards an integrated datawarehousing, cloud-bdsgdiata model (including EOSDIS, GALEON and TERN)
Although none of these systems have formally irgtgt field spectroscopy data and metadatasets, it i
incumbent upon the field spectroscopy communitadtively participate in the design and implementatbf
such systems, which includes supporting a fieldcspscopy metadata standard for maximizing the
discoverability and quality assurance of their dats.

3. Stepsto a solution

Integrating field spectroscopy data and metadatasdarge data sharing systems need not be aedgatlg task
given that the data stakeholders have an undeistaod the value of storing and sharing their datasuch a
platform, and that they have the desire to make thetasets available. Steps towards achieving régsiire
participation of the data and metadata producessrsy managers, owners, and IT systems designédrs an
managers. Collaborative stewardship of data ancadatt assigns of responsibility of creating andntasiing
data and metadata to multiple individuals and stakkers (researchers, IT specialists, data manggecsrding

to their domain of expertise. Identifying a purpder data and metadata collection and use allcata dnd
metadata creators the flexibility to set threshdiols quality and completeness within domain andppae-
specific contexts. Standards-compliant softwarelstand information systems can comprise data sharin
systems and metadata editors that enable and endoeation and distribution of metadatasets complidth

the field spectroscopy data and metadata standaRisper oversight of IT infrastructure and managetm
enables data distribution system to provision duaiontrolled discoverability and distribution ofeld
spectroscopy data and metadatasets. Educatiomtives including workshops and training programs fo
researchers and field spectroscopy data stakelsolglemote community understanding of the beneffts o
adhering to standards for the data and metadatantttation and discoverability. Much potential &xifor
adapting and improving current geospatial data &xgh environments for the unique requirements efitid
spectroscopy community.
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