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Introduction

The ESG-CET domain model is a conceptualization of all the logical objects, and the relationships between objects, that are necessary to support the totality of the ESG-CET data and information services. The overall model is composed of the following sub-domains (see Figure 1):

· Science Metadata: metadata describing scientific data holdings. The Science Metadata sub-domain can be further subdivided into three parts:

· Collection-level Science Metadata: high level information about datasets aimed at driving search and browsing, as well as of accurately describing the climate modeling process

· Inventory-level Science Metadata: includes location information for individual files (and replicas) composing the datasets

· Item-level Science Metadata: detailed information about dataset content that is necessary to drive specific high-level services like aggregation, visualization, etc.

· Access Control: metadata including user information, resource policy, and user permissions

· Metrics: metadata regarding user activities
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Figure 1: the ESG-CET domain model decomposed into sub-domains

Following is a description of the objects (with fields and associations) that comprise the domain model - see also the attached UML diagram for a graphical representation. Please note that each object has an implicit ID field (not listed here) which is the object unique identifier, assigned automatically by the system and used internally as the target of all objects associations.

1. Science Metadata

The ESG-CET Science Metadata is defined to be general enough so that it can be extended in the future beyond the limits of pure Climate Modeling, to cover other geophysical realms like observations, satellite data, etc. Furthermore, this metadata needs to enable the distribution of scientific software (model source code and visualization tools) to the user community.

1.A Collection-level Science Metadata

· Entity : a convenience superclass that includes some of the properties that are common to several classes in the data model. An entity has no real meaning and is defined as abstract.
· name : a human-readable short name for the object
· description : a few short sentences describing the object - optional

· active : a flag that indicates wether the object is still part of the current system state (for example, data that is unpublished from the system cannot be deleted from the database, because the objects are referenced by the permanent metrics entries) – true by default

· type : the specific sub-class type, used to facilitate the process of querying the model. Implemented as reference to an enumeration of known types.

· PersistentIdentifier : a class that represents one possible convention for assigning identifiers to objects in the domain.

· identifier : a string uniquely assigned by a naming authority

· Example : ucar.cgd.ccsm.bb30.004.ocn

· authority : reference to an Authority
· Authority : an enumeration of possible authorities

· name : the authority unique name

· Example : ESG, DOI

· Resource : superclass of all objects that are subject to access control (currently Datasets and LogicalFiles)

· policy: references to access control policies (see Access Control sub-domain)

· Dataset : generic class representing any data that might be made available to the users (including climate model data, source code, visualization software, etc.)

· project : reference to the primary Project that this Dataset is logically a part of (must be unique to drive accurate metrics reporting)

· otherProjects : optional references to other Projects that this Dataset is logically a part of, so that it can be displayed or found within the other projects context

· Example: some IPCC climate model datasets may need to be displayed for download within a NARCCAP logical context

· parent : reference to another Dataset of which this Dataset is logically a part of. This property allows Datasets to be organized hierarchically. - optional

· logicalFiles : reference to one or more files that logically comprise this dataset

· activities : references to Activity objects of any kind (for example, an Experiment, or a Simulation), to which the Dataset is logically related (typically, because it was generated in the context of that Activity)

· descriptiveMetadata : reference to one or more objects containg schema-specific metadata (THREDDS, ISO etc.)

· aggregations : reference to one or more Aggregation objects that contain aggregation metadata (see Item-level Science Metadata)

· GeophysicalDataset : a dataset composed of geophysical data of any kind (observations, satellite, model data, etc.), where the data is organized in Variables
· dataType : reference to an enumeration of possible data types (in-situ, gridded, trajectory, etc.)

· dataFormat : reference to an enumeration of possible data formats (NetCDF, HDF, GRIB-1, GRIB-2, ASCII, etc)

· grid : for a gridded dataset, reference to one, and only one, Grid object
· variables : reference to one or more Variable objects that it contains

· aggregations : reference to one or more Aggregation objects

· ClimateModelDataset : a GeophysicalDataset that is specifically the output generated by a climate model. Note that a ClimateModelDataset is directly associated to a climate modeling Activities like Simulation, Ensemble, Experiment through the inherited activities property.

· model : reference to a specific climate model that was used to generate it

· Variable : a physical quantity that is specific to a GeophysicalDataset. Variables are instantiated on a per-Dataset basis, and they are mapped to standard naming conventions. Basically the same as the concept of an NcML variable, which can span multiple files.

· name : short variable name (typically, as encoded in the data)

· description : longer textual description of the variable

· units : variable units in the dataset

· standardNames : reference to one or more StandardName objects

· logicalFiles : reference to one or more LogicalFiles where the Variable is contained

· StandardName : a standard name for a Variable as assigned to some naming authority

· CFStandardName : a standard Variable name as prescribed by the CF convention

· GCMDStandardName : a standard Variable name as prescribed by the GCMD keywords list

· Activity : a class representing a generic scientific activity. It includes climate modeling specific concepts (Experiment, Ensemble, Simulation) as well as yet to be defined other concepts (Field Campaign, Observation, etc.). The primary purpose of Activity is to allow the grouping of related datasets, so they can be searched and browsed in a specific scientific context. Note that Datasets must be associated directly to all Activities they relate to. Therefore, the relation between Activities is only indirect: two Activities are related if and only if there is a Dataset that is related to both.

· notes : one or more free-form group of sentences containing any related information of any kind

· ClimateModelExperiment : a specification of the input conditions used to run a climate model. The same experiment is typically executed for many different models.

· initialConditions : textual description of the experiment input conditions

· ClimateModelEnsemble : a set of related climate model Simulations that were run within the same Experiment, and with the same forcing conditions

· forcingConditions : textual description of forcing conditions

· ClimateModelSimulation : a specific climate model run, characterized by a certain start date, time extent, computing platform etc. Typically, a ClimateModelSimulation is part of a ClimateModelEnsemble, and a ClimateModelExperiment. This class must be properly defined to capture all the proper information necessary to manage (and replicate) a climate model run.
· SoftwareCollection : a Dataset composed of downloadable software, like model source code or visualization software

· 
· ModelSourceCode : a Dataset that includes model source code

· model : reference to the associated Model object

· VisualizationSoftware : a Dataset that includes visualization software for scientific data

· Model : a Climate Model that was used to generate Datasets. Class not yet fully defined – must be properly defined in collaboration with ESC.
· name : the model short name

· Example : CCSM, PCM 

· version : the model version

· description : longer descriptive text

· Example : NCAR Community Climate System Model

· type : reference to an enumeration of possible model types

· ModelType : enumeration describing the model type 
· Example: fully coupled, atmosphere, land, ocean, ice

· Grid : object describing the geophysical grid over which a Dataset data is defined. Properties and subclasses yet to be properly defined. 
1.B Inventory-level Science Metadata

· LogicalFile :  a file that is logically part of a Dataset, independently of its physical location or the number of replicas that may have been copied around the system. Defined as a subclass of Resource to allow for possibly setting access control policies on individual files.

· checksum : digital signature of the file (same for all replicas)

· size : file size in bytes (same for all replicas)

· physicalFiles : reference to one or more replicas of this file

· PhysicalFile : a specific replica of a LogicalFile, stored in a specific location on a specific system. 

· filePath : file system path

· fileName : file system name

· dataAccessCapabilities : reference to one or more data access points

· DataAccessCapability : object describing the possible ways a PhysicalFile can be accessed

· name : a human-readable name

· Example: HTTP server at NCAR

· host : the host name

· Example: dataportal.ucar.edu

· port : the host port

· Example: 80, 8080

· type : reference to one of the allowed DataAccessCapabilityTypes
· DataAccessCapabilityType : object describing the possible DataAccessCapability types in the system

· name : the data access type name

· Example: FTP, HTTP, GFTP, OPeNDAP

· protocol: string used to construct the file access URL

· Example: ftp://, http://, gftp://

· FileAccess, OpendapAccess, HTTP, FTP, GFTP, SRM : subclasses of DataAccessCapability that are customized with specific configuration properties

1.C Item-level Science Metadata

· Aggregation : generic superclass of detailed metadata objects that are needed to expose a GeophysicalDataset as a virtual aggregation
· type : specific sub-class name

· Example: NcmlDataset, LasDataset, TdsDataset

· dataAccessCapability : reference to the data access point serving this aggregation

· NcmlDataset : class containing detailed information of a dataset that can be represented with the NetCDF data model, including datasets in other format (HDF, GRIB-1, etc.) that can be accessed via the NetCDF API. An NcMLDataset can logically contain other NcmlDatasets, in which case it is referred to as an aggregation.
· id : unique dataset identifier, same as implicit class ID

· parent : reference to an NcmlDataset that logically contains it (null for the top-level NcmlDataset in a hierarchy)

· uri : reference to a PhysicalFile that contains the data (bottom-level NcmlDatasets only) 

· name : optional name (typically important for top-level NcmlDatasets only)
· attributes : reference to one or more (global) NcmlAttribute objects that are logically included in this NcmlDataset
· dimensions : reference to one or more NcmlDimension objects that are logically included in this NcmlDataset
· variables : reference to one or more NcmlVariable objects that are logically included in this NcmlDataset
· coordinateAxes : reference to one or more NcmlCoordinateAxis objects that are logically included in this NcmlDataset
· NcmlDimension : a dimension according to the NetCDF data model

· name : NetCDF dimension name

· length : NetCDF dimension length (a non-negative integer)

· aggType : for an aggregated dimension, specifies the type of aggregation

· Example: joinExisting, union, joinNew

· NcmlVariable : a NetCDF variable. This class allows to connect the Variable object of the Collection-level sub-domain into support for NcML-based aggregations.

· shape : reference to one or more NcmlDimensions
· attributes : reference to one or more variable attributes

· values : optional reference to variable actual values as stored in a NcmlValue object (usually stored only for a CoordinateAxis variable)

· NcmlCoordinateAxis : a NetCDF variable that has the same name as its associated single Dimension, and is therefore interpreted as a geophysical coordinate
· units 

· axisType

· positive

· NcmlAttribute : a NetCDF global or variable attribute
· name

· type 

· value

· NcmlValue : parametrized class storing a Variable values

· LasDataset : placeholder class for metadata needed by the Live Access server

Note: currrently the definition of the NcML-related classes is based on the older NcML schema representation, and is sufficient to support the current ESG aggregation and subsetting services. These classes might need to be revisited to conform to the newest NcML schema.
2. Access Control

3. Metrics

· Project : class representing a scientific project that needs to be reporting distinct metrics. Each Dataset is associated with one and only one primary Project, and any activity on the Dataset is included into the Project metrics.

· name : short project name (typically an acronym)

· description : longer project dscription (typically the acronym spelled out)

· gateway : reference to one Gateway that serves data from this Project

· Gateway : a data gateway or portal serving datasets from many Projects. The Gateway metrics are the sum of  the associated Projects.

· projects : reference to one or more associated projects

· version : indicates release or development Gateway
