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Abstract

Essential Biodiversity Variables (EBVs) are state variables that lie between primary measurements and high-level indicators,
and are necessary for assessment of the health and prognosis of Earth’s biosphere. EBVs represent the complete spectrum
of biological diversity from genes to ecosystems, and so are based on observations which themselves are highly diverse, and
typically human-collected or analyzed. What is now sorely needed are structured dictionaries of biological measurements that
data collectors, curators and nascent biodiversity programs can reference at all stages of planning and data organization.
Similarly, analysts working with data defined according to these measurement dictionaries, require assurance that their results
are comparable across scales and institutions. Full understanding of primary measurements will ideally require machine-readable,
interpretable, and interoperable descriptions of the measurement contents, collection methods, data-typing, dimensions and
associated units for physical quantities, and specification of appropriate temporal and spatial scales, plus the relationships among
those attributes and facets of the ecosystem. Formal ontologies, i.e. vocabularies built using modern Semantic Web technologies,
now provide the ideal tools and protocols for structuring and operationalizing EBV primary measurements. Here we illustrate
an approach to apply these to existing data sets (both primary and harmonized intermediates) using community-accepted
measurement ontologies under development. Such techniques can streamline the discovery and integration of observations,
assist with calibration/validation checks required for automated or remote data collection, and enable rigorous structured

definitions for modeled or remotely-sensed EBVs as these are developed.
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Essential Biodiversity Variables Ontologies Clarify Content of Primary Observations

Scenarios for biodiversity
& ecosystem services (e.g. for IPBES) l

‘Measurement Types”

Harmonizing raw data through an observational framework

Ambiguity exists in what the raw data represent (i.e. the actual
observation and measurements), as well as in the “definitions” of the
EBV’s. Ontologies can help clarify their meaning and contents
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Binding Data to Ontology Concepts

With semantic annotation, datasets should reference community-
accepted measurements whenever possible. Applications can access
the complete description of a term from an Ontology via its URI
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Essential Biodiversity
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Genetic composition
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Measurements of carbon
fixation and flux are collected
in many different ways, as
determined by scope and
context. This measurement
heterogeneity creates
challenges in estimating NPP
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Graph depicting how individual
measurements identified in gray arrows (“A”)

from three heterogeneous datasets (“B”)

can be disambiguated and harmonized by
annotating to terms from Ontologies (yellow
boxes), enabling consistent computation and
interpretation of (“C”) EBV candidates.

Ontological relationships and annotations are
both represented in this graph, that can be
serialized into RDF.
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datasets estimating
NPP are publicly
available, with rich
metadata & values in
units of “(Carbon)
mass per area per
time”
However, most
measurements of NPP

Satellite image for estimating NPP
from space

Controlled Vocabularies:

are not readily
harmonized
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Disambiguating heterogeneous data through Controlled Vocabularies

OWL Ontologies:
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