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NetCDF
as a format for the output of semantic pipelines

in biodiversity and ecosystem studies:
AnaEE RI

Christian PICHOT et al.

"Further Development of the DDI Cross Domain Integration Model for 
FAIR Data Sharing across Discipline and Domain Boundaries". 
Dagstuhl Workshop, 21st September 2021
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- A multidimensional array of data

NetCDF at a glance (1/4)
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- A self descriptive data file as it includes a header with 
dimensions, variables, and attributes

NetCDF at a glance (2/4)

NetCDF dataset is
  

a header
and a data compartment
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- Data encoding into machine-independent sequences of bits 

using the XDR (eXternal Data Representation) standard protocol. 

NetCDF at a glance (3/4)

NetCDF is
  

a data abstraction for array-oriented data access
AND a software library implementing the interfaces that support that abstraction. 
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- Lightweight files
contiguous or chunked storage structure
binary
compression. 

NetCDF at a glance (4/4)

NetCDF 

a self-describing, machine-independent binary data format that supports
the creation, access, and sharing of array-oriented data 
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Use of NetCDF

in AnaEE biodiversity and ecosystem studies

Ecosystem study requires complex research and deals with heterogeneous, 
varied and widespread data.

The proper understanding and interoperability of
the information sources remains one of the greatest challenges 

Rationale
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A Research Infrastructure for 
experimentation on ecosystems
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Managing data for:

 discovery 
 access to resources

      ...distributed and heterogeneous 

How to deal with data heterogeneity?
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soil

tree
Ht: 17.7 m
dbh: 520 mm
age: 35 y

depth: 70 cm
swr: 80 mm

air
t: 14°C
Rh: 75 %

1) Identify 
- the components of the system
- and their relationships

2) Model the system
using semantic vocabularies

Developing semantic interoperability

Method
Bozen,  2021
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Developing semantic interoperability

Implementation

AnaEE* RI as scientific context:
The Research Infrastructure offers services
for experimentation on continental ecosystems

OBOE* as ontological framework:
The ontology provides the atomic 
elements for modeling observations

*Mark Schildhauer, Matthew B. Jones, Shawn Bowers, Joshua Madin, Sergeui Krivov, Deana 
Pennington, Ferdinando Villa, Benjamin Leinfelder, Christopher Jones, and Margaret O'Brien. 2016. 
OBOE: the Extensible Observation Ontology, version 1.2. KNB Data Repository. doi:10.5063/F1125R0F

Bozen,  2021
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Developing semantic interoperability

Semantic lifting and data exploitation

Graph patterns and variable semantic descriptions are processed by a pipeline 
for semantic lifting of the data before their exploitation 

Relational
databases

Graph
database

Semantic lifting
19139

Metadata and dataset 
generation

GeoDCAT

Bozen,  2021

}



Graph for phytoplankton measurements
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Application for planktonic biodiversity
data from lakes

https://doi.org/10.15454/XZWVM8

}



dimensions:
        Var0Dim0 = 2 ;     Var0Dim1 = 569 ;      Var0Dim2 = 425 ;
variables:
     string Var0Dim0(Var0Dim0) ;
            Var0Dim0:characteristic = "http://opendata.inra.fr/anaeeOnto#LowerDepthRelativeToSurface" ;
                [...]
     string Var0Dim1(Var0Dim1) ;
            Var0Dim1:characteristic = "http://opendata.inra.fr/anaeeOnto#Date" ;
                [...]
     string Var0Dim2(Var0Dim2) ;
            Var0Dim2:characteristic = "http://opendata.inra.fr/anaeeOnto#TaxonName" ;
            Var0Dim2:entity = "http://opendata.inra.fr/anaeeOnto#Phytoplankton" ;
            Var0Dim2:standard = "https://www.algaebase.org" ;

     double Var0(Var0Dim0, Var0Dim2, Var0Dim1) ;
            Var0:characteristic = "http://ecoinformatics.org/oboe/oboe.1.2/oboe-characteristics.owl#VolumePerVolume" ;
            Var0:entity = "http://opendata.inra.fr/anaeeOnto#Phytoplankton" ;
            Var0:standard = "http://opendata.inra.fr/anaeeOnto#MicrometerCubedPerMilliliter" ;
            Var0:name_of_experimental_network_in_Anaee-France_experimental_network_naming_standard= 
http://opendata.inra.fr/anaeeOnto#OLAInfrastructure
            Var0:name_of_experimental_plot_in_Anaee-France_experimental_plot_naming_standard = 
"http://opendata.inra.fr/anaeeOnto#Shl2Platform" ;
            Var0:name_of_experimental_site_in_Anaee-France_experimental_site_naming_standard = 
"http://opendata.inra.fr/anaeeOnto#LakeGeneva" ;
            Var0:name_of_variable_in_Anaee-France_variable_naming_standard=http://opendata.inra.fr/
anaeeOnto#PhytoplanktonBiovolume            Var0:latitude_of_Waypoint_in_decimal_degree = "46.453457" ;
            Var0:longitude_of_Waypoint_in_decimal_degree = "6.5942335" ;              

data:
 Var0Dim0 = "10.0", "18.0" ;
 Var0Dim1 = "1974-01-14", "1974-02-18", "1974-03-18", "1974-04-22",  "1974-05-13", "1974-06-17", "1974-07-15", "1974-08-19", 
"1974-09-16",  "1974-10-14 »,
 "1974-11-18", "1974-12-09", "1975-02-17", "1975-03-17", 
 [...]
 Var0Dim2 = "Achnanthes catenata", "Achnanthes conspicua",  "Achnanthes exilis", "Achnanthes flexella", "Achnanthes 
minutissima", "Achnanthes sp.", "Achroonema articulatum", "Actinastrum hantzschii", "Amphidinium sp.", "Amphipleura pellucida", 
"Amphora ovalis",  "Amphora pediculus", "Amphora sp.
 [...]
Var0 =  NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, 399969, 222499, 
328451, 603926, 111200, 31800, 74200, 0, 0, 10600, 0, NaN, 26500,
[...]

No. of dates

No. of identified species

infos about species taxonomy

infos on the variable and 
linked contexts

Data section

Extract from the NetCDF file for phytoplankton biovolume (‘Var0’) expressed in MicrometerCubedPerMilliliter and provides data collected in 
one experimental plot (‘Shl2Platform’, 46.45°N, 6.59°E ) between 10-18 depths (Dim0) expressed in meter and for 569 dates (Dim1).  
Phytoplankton species use the algaebase taxonomy.



dimensions:
        Var0Dim0 = 2 ;     Var0Dim1 = 569 ;      Var0Dim2 = 425 ;
variables:
     string Var0Dim0(Var0Dim0) ;
            Var0Dim0:characteristic = "http://opendata.inra.fr/anaeeOnto#LowerDepthRelativeToSurface" ;
                [...]
     string Var0Dim1(Var0Dim1) ;
            Var0Dim1:characteristic = "http://opendata.inra.fr/anaeeOnto#Date" ;
                [...]
     string Var0Dim2(Var0Dim2) ;
            Var0Dim2:characteristic = "http://opendata.inra.fr/anaeeOnto#TaxonName" ;
            Var0Dim2:entity = "http://opendata.inra.fr/anaeeOnto#Phytoplankton" ;
            Var0Dim2:standard = "https://www.algaebase.org" ;

     double Var0(Var0Dim0, Var0Dim2, Var0Dim1) ;
            Var0:characteristic = "http://ecoinformatics.org/oboe/oboe.1.2/oboe-characteristics.owl#VolumePerVolume" ;
            Var0:entity = "http://opendata.inra.fr/anaeeOnto#Phytoplankton" ;
            Var0:standard = "http://opendata.inra.fr/anaeeOnto#MicrometerCubedPerMilliliter" ;
            Var0:name_of_experimental_network_in_Anaee-France_experimental_network_naming_standard= 
http://opendata.inra.fr/anaeeOnto#OLAInfrastructure
            Var0:name_of_experimental_plot_in_Anaee-France_experimental_plot_naming_standard = 
"http://opendata.inra.fr/anaeeOnto#Shl2Platform" ;
            Var0:name_of_experimental_site_in_Anaee-France_experimental_site_naming_standard = 
"http://opendata.inra.fr/anaeeOnto#LakeGeneva" ;
            Var0:name_of_variable_in_Anaee-France_variable_naming_standard=http://opendata.inra.fr/
anaeeOnto#PhytoplanktonBiovolume            Var0:latitude_of_Waypoint_in_decimal_degree = "46.453457" ;
            Var0:longitude_of_Waypoint_in_decimal_degree = "6.5942335" ;              

data:
 Var0Dim0 = "10.0", "18.0" ;
 Var0Dim1 = "1974-01-14", "1974-02-18", "1974-03-18", "1974-04-22",  "1974-05-13", "1974-06-17", "1974-07-15", "1974-08-19", 
"1974-09-16",  "1974-10-14 »,
 "1974-11-18", "1974-12-09", "1975-02-17", "1975-03-17", 
 [...]
 Var0Dim2 = "Achnanthes catenata", "Achnanthes conspicua",  "Achnanthes exilis", "Achnanthes flexella", "Achnanthes 
minutissima", "Achnanthes sp.", "Achroonema articulatum", "Actinastrum hantzschii", "Amphidinium sp.", "Amphipleura pellucida", 
"Amphora ovalis",  "Amphora pediculus", "Amphora sp.
 [...]
Var0 =  NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, NaN, 399969, 222499, 
328451, 603926, 111200, 31800, 74200, 0, 0, 10600, 0, NaN, 26500,
[...]

infos about species taxonomy

infos on the variable and 
linked contexts

Data section
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From rdf triples to NetCDF dataset

Graph
database

extraction based on the 
‘hasContext’ pattern

‘hasContext’
to dimension
conversion
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Reading NetCDF dataset

NetDCF library available for most programming languages, GIS and statistical environment
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https://www.unidata.ucar.edu/software/netcdf/

Data type
n-dimensional rectangular structure containing items with the same data type

Header contains:
Dimensions
Variables
Attributes

Data consists in:
a ‘fixed-sized part’ (data with limited dimension)
possibly a ‘record data part’ (data with dimenson)  at the end of the NetCDF file

Additionnal features in NetCDF-4:
Group: 
Compound types:
Multiple unlimited dimensions:
Chunked storage structure (HDF5)

NetCDF features

https://www.unidata.ucar.edu/software/netcdf/
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From Haicheng Liu, 2014

NetCDF data models

https://docs.unidata.ucar.edu/netcdf-java/current/userguide/common_data_model_overview.html
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Low usage in Ecology and Biodiv as data rarely fit with a n-dimension array

Mostly used in:
Climate  community
Ocean community

NetCDF for wich community
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Rationale for Adopting netCDF
as the Climate System Model Standard Data Format

(https://www.cgd.ucar.edu/ccr/bettge/CSM-netCDF/csm_why_netcdf.html#5)
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NetCDF conventions
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