
Advanced Climate ResearchAdvanced Climate Research 
Infrastructure for DataInfrastructure for Data 

(ACRID)
Arif Shaon (STFC), Tim Osborn (UEA), Sarah 
Callaghan (STFC), Colin Harpham (UEA) and 

Bryan Lawrence (STFC)



Project Background
The UEA CRU is recognised as a world-leading 

centre for the analysis and provision of climatecentre for the analysis and provision of climate 
datasets.

Recommendations arising from inquiries intoRecommendations arising from inquiries into 
the 2009 hacking of emails from CRU are:

publish the scientific workflows associated with the– publish the scientific workflows associated with the 
CRU climate research datasets

– the published workflows should include wherever– the published workflows should include, wherever 
possible, both raw and processed data, with 
processing methods and codesp g

– ACRID aims to implement these recommendations



Project Deliverables
 Information architecture:

– develop an information model to describe some of 
the scientific data workflows in climate research 
(completed)(completed)

– deploy infrastructure to capture relevant metadata 
for climate research data software and workflowsfor climate research data, software, and workflows

 Data citation: develop a ‘linked-data’ approach to 
publishing and citing climate research datapublishing and citing climate research data

 Prototype our approach using four high-profile 
climate research datasets: CRUTEM CRU TSclimate research datasets: CRUTEM, CRU TS, 
tree-ring chronologies, and HadCET



CRU Information Architecture 
(Information Model)

 Th i f ti d l i k ! The information model is key!
– need a model that captures key aspects of data 

workflowworkflow
– enables re-enactment of the workflows
– facilitates traceability of the provenance of publishedfacilitates traceability of the provenance of published 

data
 Issues

– Information model itself!
– Dynamic/evolving data
– Data subsets and versioning



CRU Information Model 
(Workflow Analysis)(Workflow Analysis)

Time series weatherTime-series weather 
observation 

datadata



CRU Information Model 
(Existing Models)(Existing Models) 

Th O P M d lThe Open Provenance Model
ISO 19156 Observations andISO 19156 Observations and 

Measurements (O&M) Model
Climate Science Modelling 

Language (CSML)Language (CSML)



The Open Provenance Model (1) 
 A widely-adopted generic model that 

– enables digital representation of the provenance 
information about any digital or physical object.

bl h f i f ti– enables exchange of provenance information 
between computer systems.

 OPM consists of three different “Nodes” (notions): OPM consists of three different Nodes  (notions): 
Artefact (A), Process (P) and Agent(Ag).



The Open Provenance Model (2)
 A close parallel between the CRU and OPM 

tconcepts
 BUT OPM is too generic; significant specialisations 

ld b d d t d ib CRU kflwould be needed to describe CRU workflows
 Not widely used within the Geospatial community; 

t b i t bl ith i ti t l dmay not be interoperable with existing tools and 
systems.



ISO 19156 O&M Model (1)
Defines a conceptual schema for

d ibi i t l b ti– describing environmental observations
– the features involved in the sampling associated 

with such observationswith such observations.
class Figure 5 - Observ ation
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ISO 19156 O&M Model (2)
 ISO O&M Model is specifically designed for 

describing environmental observations such asdescribing environmental observations, such as 
the ones represented by the CRU datasets.

 However O&M too is an abstract model; However, O&M too is an abstract model; 
specialisation of the main O&M classes, such as 
OM Observation and OM Process would be _ _
needed to capture the distinct characteristics (e.g. 
gridded time-series data, links to publications etc.) 
of the CRU observations.



Climate Science Modelling 
Language (1)Language (1)

• Developed by NERC Data Grid
D f t INSPIRE t d d• De-facto INSPIRE standard



Climate Science Modelling 
L (2)Language (2)

 CSML (v3.0) is an application schema of the ISO O&M 
model specialised for representing time-series datasets 
- a perfect fit for the CRU datasets.
 f th b t t i i l i li ti f CSML ld b further but trivial specialisations of CSML would be 

needed to describe the CRU observations. 
 The resultant model would generally be interoperable The resultant model would generally be interoperable 

with both CSML and the ISO O&M model.  This would: 
 enable support for existing tools enable support for existing tools 
 facilitate data sharing, potentially through the INSPIRE 

SDI



CRU I f ti M d lCRU Information Model –
Overview (1)( )



CRU I f i M d lCRU Information Model –
Overview (2)Overview (2)

Developed asDeveloped as 
– an application schema of the ISO O&M 

ModelModel
– with the observation related concepts derived 

from the CSML TimeSeriesObservationfrom the CSML TimeSeriesObservation
classes 

Available in three representation formats: 
UML, GML schema and RDF Ontology., gy



CRU DataCRU Data 
Management
InfrastructureInfrastructure



CRU D t Cit tiCRU Data Citation 
(Identification)(Identification)

Digital Object Identifier (DOI) for dataset 
identificationidentification

 JISC 14/09 refers to DataCite initiative
International consortium incl British Library– International consortium, incl. British Library, 
assigning DOIs to datasets

– Earth System Science Data journal: provides DOIs– Earth System Science Data journal: provides DOIs 
for data publications

The main DOI “question” – What does a DOIThe main DOI question  – What does a DOI 
point to?

We propose “linked data”– We propose linked-data .



CRU Linked-data
must be 

static!static!



Open Archives Initiative -
Object Reuse and ExchangeObject Reuse and Exchange

 OAI-ORE defines standards for the description and 
exchange of aggregations of Web resourcesexchange of aggregations of Web resources.

 Leverages the RDF and Linked Data concepts.
 C i t f th f ll i ti Consists of the following notions:

– Aggregation (A): a set of Web-based Resources.
A t d R (AR) R th t i– Aggregated Resource (AR): a Resource that is a 
constituent of an Aggregation.

– Resource Map(ReM): describes an AggregationResource Map(ReM): describes an Aggregation.
– Proxy (P): used in an assertion specific to an Aggregated 

Resource (e.g. relationship with another aggregated 
resource) in the context of a specific Aggregation.



CRU Linked-data in OAI-ORE

• landing/ splash page
• links to other resources



CRU Prototype Linked-data 
ServerServer

Use GeoTOD linked-data server
– Developed by STFC for an STFC/OMII UK 

funded project
– Implements of the UK Cabinet Office (2009) 

“Designing URI Sets for the Public Sector” 
id liguidelines.

GeoTOD will be configured to serve up the 
workflows for CRUTEM3, CRU TS 3.0, CRU 
Tree-ring chronologies and HADCET g g
datasets as linked-data



Summary

We have developed an information architecture 
consisting of an information model and a dataconsisting of an information model and a data 
management infrastructure for CRU

 The outcomes of ACRID should The outcomes of ACRID should
– improve CRU’s current approaches to managing and 

sharing their weather observation datasetssharing their weather observation datasets.
– facilitate greater transparency and traceability of the 

data life-cycledata life cycle
– enable improved and interoperable data accessibility 

and sharing through adoption of suitable ISO g g p
standards and linked-data principles
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