ESG-CET Metadata Model
1.  Introduction

This document describes the metadata model for the Earth System Grid Center for Enabling Technology project (ESG-CET). It describes the data container classes in the database, together with other classes associated with the data objects.

The data (container) classes are described in Section 3:

· Dataset

· File

· Aggregation

· Variable

· EnsembleMember

The other classes are outlined in Section 2:

· Experiment

· Model

· Horizontal Grid

· Standard Name

· Project

2.  Non-container Classes

2.1 Experiment

An experiment is a specification of the input conditions (initial conditions, forcing data, time period, …) of a climate model experiment. Typically an experiment will prescribe the time evolution of greenhouse gases such as CO2 and methane. 

An experiment specifies constraints such that the associated data from different models can be meaningfully compared. It need not encompass all input values for an experimental run, however. For example, the choice of which volcanic aerosols to model may be left to the data producer. A complete description of a run will include both the experiment and a run-specific description.

The term scenario is sometimes used in this context, to refer to a characterization of future emissions. We choose the broader term, since experiments such as ‘Climate of the 20th century’ do not simulate future time periods.

Here is a partial enumeration derived from the IPCC AR4 project:


- One percent/year CO2 increase to doubling


- One percent/year CO2 increase to quadrupling


- Climate of the twentieth century


- Doubled CO2


- Atmospheric Model Intercomparison Project


- Commit


- Present day control


- Pre-industrial control


- Slab ocean control


- SRES A1B


- SRES A2


- SRES B1

References:

IPCC AR4 Experiment Descriptions
IPCC Emissions Scenarios
2.2 Model

A model is a description of a specific configuration of a numerical climate model including the grid specification, number of vertical levels, subcomponents that are coupled together, codebase version, and so on. Not included is the setup information for a particular experiment. That is, the same model may generate data for more than one experiment.

A model is independent of any given project, in the sense that a specific model may be used to generate data for more than one project. In practice though, the choice of project will significantly constrain the associated models for which data is available. Consequently, a search interface may present a choice of projects, then subsequently display the models available for that project. 

In the following enumeration the models are characterized first by institution and then by specific model ID. An individual model could be further divided into an individual component, say a specific ocean submodel. This would facilitate searches for datasets that were generated by that submodel, independent of the parent model.

Beijing Climate Center, China, BCC-CM1

Bjerknes Centre for Climate Research, Norway, BCM2.0 Model

Canadian Centre for Climate Modelling and Analysis, 

- CGCM3.1 Model, T47

- CGCM3.1 Model, T63

Meteo-France, Centre National de Recherches Meteorologiques, CM3 

CSIRO Atmospheric Research, Australia, MK3.0

NOAA Geophysical Fluid Dynamics Laboratory 

- CM2.0

- CM2.1

NASA Goddard Institute for Space Studies

- C4x3

- E20/HYCOM

- ModelE20/Russell

LASG, Institute of Atmospheric Physics, China, FGOALS1.0_g

Institute for Numerical Mathematics, Russia, INMCM3.0

INGV, National Institute of Geophysics and Volcanology, Italy, ECHAM 4.6

IPSL/LMD/LSCE, France, CM4 V1

CCSR/NIES/FRCGC

- MIROC V3.2, high resolution

- MIROC V3.2, medium resolution

Meteorological Institute of the University of Bonn, ECHO-G Model

Max Planck Institute for Meteorology, Germany, ECHAM5 / MPI OM

Meteorological Research Institute, Japan, CGCM2.3.2a

National Center for Atmospheric Research

- Community Climate System Model, CCSM 3.0

- Parallel Climate Model (Version 1)

Hadley Centre for Climate Prediction, Met Office, UK

- HadCM3 Model

- HadGEM1 Model
2.3 Horizontal Grid

A horizontal grid is a discretization of the Earth surface, as typically used in climate and Earth system models. The enumeration of grid types follows the emerging CF grid specification.

- Logically Rectangular


- Rectilinear


- Curvilinear

- Unstructured Polygonal

- Triangular


- Structured


- Unstructured

- Pixel-based

References:

A Standard Description of Grids
2.4 Standard Name

A standard name is a description of a scientific quantity generated by a model run. The terms standard name and parameter are used interchangeably. The enumeration of the list follows the CF standard name table, and is hierarchical. For example, the standard name ‘atmosphere’ is a standard name category that includes more specific quantities such as ‘air pressure’. Note that a particular standard name may appear in more than one category.

- Atmosphere


- Air Pressure


- …

- Carbon Cycle


- Biomass Burning Carbon Flux


- …

- Cloud


- Air Pressure at Cloud Base


- …

- Hydrology


- Atmosphere Water Content


- …

- Ocean


- Baroclinic Eastward Sea Water Velocity


- …

- Radiation


- Atmosphere Net Rate of Absorption of Longwave Energy


- …

- Sea Ice


- Direction of Sea-Ice Velocity


- …

- Surface


- Canopy and Surface Water Amount


- …

References:

CF standard name table
2.5 Project

A project is an organizational activity that is associated with, or generates datasets. A project can be a subproject of another project.

Examples:


IPCC



IPCC AR4 Multi-model Database



IPCC AR5 Multi-model Database


Coupled Model Intercomparison Project
3.  Data Objects

Every data object in the ESG database has one of the types: dataset, file, variable, or aggregation. These are the objects with which all data are associated, and to which the categories described above may be applied. An ensembleMember is a specific type of dataset.

3.1  Definitions
A dataset is a collection of data generated by or related to some activity, such as a project, ensemble, or individual run. Datasets resemble directories in a file system, in that they can contain other datasets, as well as files and aggregations. Similarly datasets can be organized hierarchically for the convenience of top-down browsing. However there is no requirement that a predefined hierarchy be applied to a dataset. There may be more than one way to organize a dataset into a hierarchy, and this may be done dynamically at search time. Also a directory can be associated with any set of categories for convenience of search, but no categories are required a priori. 

An ensembleMember is a dataset that is generated in the context of an ensemble run. The run_id distinguishes it from the other members of the ensemble.

A file is a netCDF file which conforms to the CF metadata conventions. It is a logical file which may be instantiated in more than one physical location. Since CF is predominantly a convention for gridded data, all data managed by ESG-CET is gridded data.

A variable is an n-dimensional data array. It is essentially equivalent to a variable as defined in the CF-1.0 Convention, with the distinction that the associated array can be split across multiple files.  In other words, a variable is the data array associated with one dataset, for a particular standard_name, irrespective of the file(s) it is contained in. Typically a variable will have an associated coordinate system as well. Note: in this document, the term variable is used synonymously with variable_in_dataset. See Example 6 below.

An aggregation, or aggregated dataset, is a service which provides a view of a dataset as a single netCDF file. Typically it can be referred to using a single filename or URL, such as an OPeNDAP URL, although this depends on the implementation of the service.  The view may be provided through an API, a URL (OPeNDAP) or a GUI (the ESG-II portal interface).

3.2  Notes

1. An aggregation typically consists of a collection of files together with an XML descriptor that ties the aggregation together. There are several technologies that provide such capability, all of which enable a view of the dataset as a single netCDF file consisting of variables that can be subsetted. For this reason an aggregation is sometimes called a virtual file or virtual data service.

2. The definition of aggregation would imply that a file is a special case of an aggregation. In a sense this is true, but we choose to distinguish them because (a) the services associated with files and aggregations may differ. For example an ftp server might only handle files, whereas an OPeNDAP server could handle both types; (b) in practice the volume of data associated with an aggregation is much larger than a single file, which users may need to be aware of.

3. The term atomic dataset refers to a dataset that:

· can be aggregated,

· does not contain any subdatasets,

· contains only variables that share the same discrete coordinate system in the sense that they either:

i. share the same CF coordinate variables, or

ii. share the same gridspec (e.g. variables defined on staggered grids may be said to share the same discrete coordinate system), or

iii. one variable shares a proper subset of the coordinate variables of another (e.g. a surface field and a 3D field may be said to share the same discrete coordinate system)

Since atomic datasets do not contain subdatasets, they are leaf nodes in a dataset hierarchy. This is a reasonable choice of default type of dataset to be returned from a search.

4. Aggregations are not the same as atomic datasets:

· An aggregation may contain variables not defined on the same grid and/or set of coordinate variables.

· An atomic dataset is not in itself accessible through a netCDF API. Some process must be applied to the dataset to produce an aggregated dataset, which is related to but distinct from the atomic dataset.

5. Clarifications and examples:

· One model run will generally result in many atomic datasets. In the context of the IPCC AR4 project, an atomic dataset consists of data produced by:

i. One submodel (atmosphere, ocean) of one model, for one realization of an experiment, processed at one temporal frequency.

· Monthly data and daily data would generally NOT be contained together in a single atomic dataset because  the variables would not share the same time axis (and in any case the same named variable cannot have two different time axes in a netCDF file)

· Atmospheric and oceanic model output  from a coupled run would generally NOT be contained in a single atomic dataset, because the variables do not share the same X, Y or Z axes

· An ensemble of N model outputs needs to be discussed in two cases.   In a multi-model ensemble, where each model uses distinct grids the ensemble would be regarded as N distinct atomic datasets. In an ensemble of identical grid outputs, one could  utilize a 5th netCDF dimension (an ensemble axis), in which case the full ensemble would be a single atomic dataset.  Or one could manage each ensemble member as a separate atomic dataset, in which case the full ensemble would consist of N atomic datasets.   Conclusion:  the terms "ensemble" and "atomic dataset" are BOTH needed for ESG.


6. Example:

In the IPCC AR4 multi-model database (MMD) there are approximately 84,000 files, 1400 datasets, and 28,000 variables (variables-in-dataset). On average each dataset contains 20 variables and each variable is partitioned across three files. (The MMD design stipulated that each file contain data from exactly one variable. ESG does not make this restriction.) 

For example, the variable with standard_name “precipitation_flux” (MMD short_name=”pr”) in dataset: [model=ncar_pcm1, experiment=commit, run=run2, temporal_granularity=daily] is contained in four files: pr_A2_2000_2019.nc, pr_A2_2020_2039.nc, pr_A2_2040_2059.nc, and pr_A2_2060_2079.nc. As the filenames suggest, the variable is split across the time axis in 20-year intervals.


7. Example:
The File class has an association with Dataset and with Variable. This is designed to handle two common ways that datasets are organized:


a.  Each file intersects (contains) at most one variable (e.g., IPCC). The relationship ‘variable intersects_file’ represents the information. To search for all files in a dataset, the variables in the dataset must first be determined.

b. Each file in a given dataset contains the same variables (e.g., CCSM history files). Using the dataset contains_file relationship, the list of files in a dataset can be obtained directly. Note in this case it is not necessary to explicitly represent the variables in the dataset. This is useful if the files are located on tertiary storage and not easily scanned.

To avoid inconsistency, each file instance should participate in at most one of the relationships ‘intersects_file’ and ‘contains_file’. 


8. Example:

An aggregation is created from dataset A which includes the variables “eastward_wind” and “northward wind”. The aggregation also includes the definition of a ‘virtual’ wind_speed variable derived from eastward_wind and northward_wind. (The variable is virtual because the data is not contained in any file, but rather is calculated on request). 

4.  Relationships and Attributes

Figure 1 summarizes the relationships between the categories.Figure 2 details both the relationships and attributes of each category. The last two columns indicate whether the relationship is mandatory or optional , and whether the cardinality of the relationship is 1:N or 1:1 (there are no M:N relationships).
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Figure 1. Class Relationships and Attributes

	Class
	Relationship / Attribute
	Range
	Mand.
	1:N
	Note
	Search

Category

	Aggregation
	path
	String
	Y
	
	
	

	
	aggregates_variable
	Variable
	
	Y
	
	

	Dataset
	contains_file
	File
	
	Y
	
	

	
	contains_variable
	Variable
	
	Y
	
	

	
	date_generated
	Date
	
	
	
	

	
	date_published
	Date
	
	
	
	

	
	generated_by
	Model
	Y
	
	
	

	
	has_experiment
	Experiment
	Y
	
	
	

	
	has_project
	Project
	
	
	
	

	
	part_of_dataset
	Dataset
	
	
	
	

	
	run_name
	String
	
	
	(4)
	

	EnsembleMember
	is_a
	Dataset
	Y
	
	
	

	
	run_id
	Integer
	
	
	
	Y

	Experiment
	name
	String
	Y
	
	
	Y

	File
	path
	String
	Y
	
	
	

	
	format
	String
	
	
	
	

	
	size
	Integer
	
	
	
	

	Horizontal_Grid
	name
	String
	Y
	
	
	Y

	Model
	has_type
	String
	
	
	(1)
	

	
	name
	String
	Y
	
	
	Y

	Project
	name
	String
	Y
	
	
	Y

	
	part_of_project
	Project
	
	
	
	

	Standard_Name
	canonical_unit
	String
	Y
	
	
	

	
	description
	String
	Y
	
	
	

	
	name
	String
	Y
	
	
	Y

	Variable
	has_grid
	Horizontal_Grid
	
	
	
	

	
	product
	String
	
	
	(2)
	Y

	
	vertical_granularity
	String
	
	
	(3)
	

	
	long_name
	String
	
	
	
	Y

	
	short_name
	String
	Y
	
	
	Y

	
	standard_name
	Standard_Name
	
	
	
	

	
	intersects_file
	File
	
	
	
	


Figure 2
Notes:

1) Model type is one of:
- Coupled atmosphere/ocean general circulation model
- Atmosphere
- Ocean
- Carbon Cycle
- Coupled carbon cycle climate model
- Earth system model


2) Product:
- Hourly
- Daily
- Monthly
- Yearly
- Fixed
- Raw


3) Vertical granularity
- Single level
- Multilevel

4) For example: B30.009






































































