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v. Changes to the OGC® Abstract Specification

The OGC® Abstract Specification does not require changes to accommodate this OGC® standard.
Foreword

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. Open Geospatial Consortium Inc. shall not be held responsible for identifying any or all such patent rights. However, to date, no such rights have been claimed or identified.

Recipients of this document are requested to submit, with their comments, notification of any relevant patent claims or other intellectual property rights of which they may be aware that might be infringed by any implementation of the specification set forth in this document, and to provide supporting documentation.

This specification provides the first OGC version of the Climate Science Modelling Language. It supersedes “Climate Science Modelling Language Version 2” previously published by the Science and technology Facilities Council. The primary change in the current version is:
· Adoption of O&M (ISO 19156) as the core, with CSML observations being specialisations of the O&M SamplingCoverageObservation class.

Annex A specifies normative conformance clauses.

Annex B provides a set of normative XML schemas.
An informative discussion of CSML as a ‘wrapper’ to binary data is provided in Annex C.
Introduction

The OGC MetOcean Domain Working Group has identified a ‘common domain model’ for meteorology and oceanography as a key objective in its conceptual modelling work. The goal is to develop a model which is both sufficiently relevant to the domain to obtain uptake by core stakeholders, and sufficiently general to enable re-use across related application areas. Potential application areas include: the European INSPIRE Directive (atmosphere, meteorology and marine themes), aviation meteorology, the World Meteorological Organisation’s Weather Information System, and the atmospheric research community.
This specification is proposed for consideration and further development by the MetOcean Domain Working Group towards meeting this goal. It is based on work undertaken by the Science and Technology Facilities Council (UK), and funded by the Natural Environment Research Council (UK).

An explicit goal of this specification is to achieve alignment with the NetCDF ‘CF Conventions for Point Observations’.
This specification updates the CSML model to provide a set of observation classes based directly on the ‘Sampling Coverage Observation’ of ISO 19156 (Observations and Measurements).
Climate Science Modelling Language
1
Scope

This specification defines a set of observation classes intended for broad application within the field of meteorology and oceanography. It captures a set of specific sampling geometries that are widely used and recognised. (Sampling geometry and topology in these domains are a fundamental determinant of processing chains, and data management practices.)
The specification is based on specialising the ‘Sampling Coverage Observation’ defined in ISO 19156 (Observations and Measurements).

As well, a pattern is specified at the encoding level for combining an interoperable GML ‘wrapper’ with binary file-based observation data.

2
Conformance

Conformance with this specification shall be checked using all the relevant tests specified in Annex A (normative). The framework, concepts, and methodology for testing, and the criteria to be achieved to claim conformance are specified in ISO 19105: Geographic information — Conformance and Testing.

In order to conform to this OGC™ interface standard, a software implementation shall choose to implement:

b) Any one of the conformance levels specified in Annex B (normative).

c) Any one of the Distributed Computing Platform profiles specified in Annexes TBD through TBD (normative).

3
Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this part of OGC nnn. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. However, parties to agreements based on this part of OGC nnn are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. For undated references, the latest edition of the normative document referred to applies.

OGC ab‑c:199x, General title of series of parts — Part c: Title of part.

ISO xyz (all parts), General title of the series of parts.

Abstract Specification Topic 0: Overview, OGC document 99-100r1

Guidelines for Successful OGC Interface Specifications, OGC document 00-014r1

The normative reference list is introduced by the above standard wording. The above wording is also applicable, modified as appropriate, to a part of a multipart standard.

The Normative reference(s) clause is an optional element that gives a list of the normative documents to which reference is made in the standard in such a way as to make them indispensable for the application of the standard.

In principle, the normative documents shall be OGC published standards, and/or International Standards published by ISO and/or IEC. Normative documents published by other bodies may be listed provided that

—
the document is recognized by the OGC, ISO, and/or IEC committee concerned as having wide acceptance and authoritative status as well as being publicly available,

—
the OGC, ISO, and/or IEC committee concerned has obtained the agreement of the authors or publishers (where known) of the document to its inclusion,

—
the authors or publishers (where known) have also agreed to inform the OGC, ISO, and/or IEC committee concerned of their intention to revise the document and of the points the revision will concern, and

—
the OGC, ISO, and/or IEC committee concerned undertakes to review the situation in the light of any changes in the referenced document.

The list shall not include the following:

—
documents that are not publicly available;

—
documents to which only informative reference is made;

—
documents which have merely served as references in the preparation of the standard.

Such documents may be listed in a bibliography.

Normative references shall be either dated (i.e. to a specific edition) or undated.

For dated references, each shall be given with its year of publication, or, in the case of enquiry or final drafts, with a dash together with a footnote «To be published.», and full title. Subsequent amendments to, or revisions of, dated references will need to be incorporated by amendment of the standard referring to them. References to specific divisions or subdivisions, tables and figures of another document shall always be dated.

Undated references may be made only to a complete document or a part thereof and only in the following cases:

a)
if it is accepted that it will be possible to use all future changes of the document referred to for the purposes of the referring standard;

b)
for informative references.

Undated references shall be understood to include all amendments to and revisions of the quoted publication. The year of publication or dash shall not be given for undated references. When an undated reference is to all parts of a standard, the publication number shall be followed by the indication «(all parts)» and the general title of the series of parts (i.e. the introductory and main elements).

4
Terms and definitions

For the purposes of this document, the following terms and definitions apply /the terms and definitions given in … and the following apply.

term name

text of the definition

term name
synonym

text of the definition

The Terms and definitions clause is an optional element giving definitions necessary for the understanding of certain terms used in the standard. The Terms and definitions clause should almost always be included in an OGC Implementation Specification or Abstract Specification.

The term and definition list is introduced by a standard wording, which shall be modified as appropriate.

Rules for the drafting and presentation of terms and definitions are given in the ISO 19104 Terminology.

5
Conventions

5.1
Symbols (and abbreviated terms)

A paragraph.

The Symbols (and abbreviated terms) clause is an optional element giving a list of the symbols and abbreviated terms necessary for the understanding of the standard.

Unless there is a need to list symbols in a specific order to reflect technical criteria, all symbols should be listed in alphabetical order in the following sequence:

—
upper case Latin letter followed by lower case Latin letter (A, a, B, b, etc.);

—
letters without indices preceding letters with indices, and with letter indices preceding numerical ones (B, b, C, Cm, C2, c, d, dext, dint, d1, etc.);

—
Greek letters following Latin letters (Z, z, , , ,   , , etc.);

—
any other special symbols.

Some frequently used abbreviated terms:

API
Application Program Interface

COM
Component Object Model

CORBA
Common Object Request Broker Architecture

COTS
Commercial Off The Shelf

DCE
Distributed Computing Environment

DCP
Distributed Computing Platform

DCOM
Distributed Component Object Model

IDL
Interface Definition Language

ISO
International Organization for Standardization

OGC
Open Geospatial Consortium

UML
Unified Modeling Language

XML
eXtended Markup Language

1D
One Dimensional

2D
Two Dimensional

3D
Three Dimensional

5.2
UML Notation

When UML is used, an OGC document should indicate the UML notation that is used. In the Abstract Specification, this can be currently done by referencing Topic 0. A UML summary should normally be included in each Implementation Specification, such as the following. 

The diagrams that appear in this standard are presented using the Unified Modeling Language (UML) static structure diagram.  The UML notations used in this standard are described in the diagram below.
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Figure 1 — UML notation

In this standard, the following three stereotypes of UML classes are used:

a) <<Interface>> A definition of a set of operations that is supported by objects having this interface.  An Interface class cannot contain any attributes.

b) <<DataType>> A descriptor of a set of values that lack identity (independent existence and the possibility of side effects). A DataType is a class with no operations whose primary purpose is to hold the information.

c) <<CodeList>> is a flexible enumeration that uses string values for expressing a list of potential values.

In this standard, the following standard data types are used:

a) CharacterString – A sequence of characters

b) Integer – An integer number

c) Double – A double precision floating point number

d) Float – A single precision floating point number

6
Background

6.1
Observations and Measurements

Most data exchanged in the climate science community is based on observation or measurement of a phenomenon (e.g. physical, biological, chemical) in the natural environment – whether by instruments located in-situ or remote from the observation target, or taken from a fixed or moving platform. The defining characteristics of these data are that they measure some geophysical parameter, they are associated with a sampling regime and a particular procedure, and they generate a concrete result. If the nature of the measurement procedure is allowed to include numeric computation, then model simulations (including forecasts) also follow this pattern.
ISO/DIS 19156 (Geographic information – Observations and Measurements), also OGC Abstract Specification Topic 20 (OGC 10-004r3), defines a conceptual model for Observations and Measurements that embodies these essential characteristics. The core model is illustrated in UML in Figure 2.
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Figure 2 — Core Observation model (from ISO/DIS 19156, OGC 10-004r3)

In natural language, the model states that an observation measures some observed property of a feature of interest using a designated procedure and generates a result. At this level, the model is very general. However, by specialising the various elements, it may be applied to almost any observational scenario to provide a complete description of the observation and its context.
The motivation for adopting the Observations and Measurements model as a foundation is that it enables significant interoperability opportunities – re-usable software may be constructed to manage and query a wide range of data in the same way (for instance filtering on observed property, or procedure, or observation time, or location of the feature of interest). By adopting a common base model, the community also benefits from an agreed conceptual foundation around which to describe their information domain – simplifying discussion and opening up opportunities for cross-domain sharing.

A number of initiatives are adopting the model as a foundation for interoperability: the Heterogeneous Missions Accessibility programme of the European Space Agency (OGC 10-157), the European INSPIRE Directive, etc. As well, the model provides a foundation for the suite of OGC sensor web standards.
6.1.1
Discrete coverage observations

The core model makes no assertion on the observation result – it may be of any type (numeric, boolean, a category such as colour, etc.). For those observations having a ‘coverage’ result (i.e. where result values are explicitly associated with specific locations in space/time), a specialised observation type is defined, the discrete coverage observation, Figure 3. A large majority of climate science observational data are of this type.
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Figure 3 — Discrete Coverage Observation for coverage-valued result (from ISO/DIS 19156)

6.1.2
Spatial sampling features

The core observation model also places few restrictions on the target of an observation (the ‘feature of interest’). It requires only that it carries the observed property, either directly, implicitly, or by association. For example, ‘Pacific Ocean’ might be a suitable feature of interest for measurement of temperature, but not of humidity. Considerable flexibility is available, therefore, to define the feature of interest appropriate for a particular application. In most cases in the climate sciences, the feature of interest is not in fact a ‘domain feature’ like the ‘Pacific Ocean’ – persistent and independent of the observation itself – since the observation does not measure a property of the complete feature. Instead, the observation target is a sampling feature which exists solely as an artefact of the measurement process. Familiar examples are the profile, section, or satellite swath.
The Observations and Measurements model defines two broad classes of sampling features: specimens and spatial sampling features (Figure 4). While physical specimens (e.g. air and water samples) are routinely collected in the climate sciences, they are usually less important of themselves than their sampling location and the results of analyses performed on them. (Unlike specimens in geophysics, they are not usually stored, for instance.) Thus, while the result of an observation on a meteorological or oceanographic specimen may be determined in the laboratory rather than in-situ, it will usually suffice to regard the specimen as equivalent to an in-situ spatial sampling feature. Specimens are not dealt with further in this document.
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Figure 4 — Sampling features (from ISO/DIS 19156)

A key property of a spatial sampling feature is its shape, defining a geometric manifold for the sampling regime. This sampling geometry shape typically defines a primary classification axis for climate science observations since it constrains the scientific inferences that may be made (section 6.2). The Observations and Measurements model provides a broad taxonomy of spatial sampling features based on their topological dimension, Figure 5.
As described in the next section, a spatial sampling feature may provide a summary description of a sampling geometry more fully specified in the result of a discrete coverage observation. In this sense it may be regarded as playing a role similar to the familiar ‘bounding box’ of dataset metadata (aiding discovery and spatial querying), but with a richer choice of geometries more suitable for observations. A positional accuracy may be specified, if required, on a spatial sampling feature to indicate a non-exact correspondence to the full sampling geometry. (For example a sampling point may represent the nominal location of a set of measurements made by instruments mounted within a few metres of each other at a weather station.)
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Figure 5 — Spatial sampling features (from ISO/DIS 19156)

6.1.3
Sampling Coverage Observation

While the dimensionality of a spatial sampling feature is fundamentally important for climate science measurements, it does not discriminate different temporal sampling patterns. For instance, both a time-series of repeat vertical soundings and a flight trajectory correspond to a sampling curve. However, the ambiguity may be resolved by considering the observation result, which is a discrete coverage (Figure 3) containing the full spatiotemporal sampling geometry in its domain.

The shape of the spatial sampling feature may be regarded as a projection of the full spatiotemporal sampling geometry onto a spatial subspace
. Projection of the full sampling geometry onto the temporal axis defines the time of the observation. Thus, the spatial sampling feature and observation phenomenon time broadly summarise the ‘where’ and ‘when’, respectively, of an observation, with the full geometric sampling complexity available in the domain of the coverage result.
These consistency constraints are formalised in the Observations and Measurements model through a Sampling Coverage Observation which may be applied whenever an observation on a spatial sampling feature generates a discrete coverage result, Figure 6.
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Figure 6 — Sampling coverage observation (from ISO/DIS 19156)

As well as the above constraints relating the spatiotemporal geometries of the coverage result, sampling feature and observation time, an additional constraint applies – the observed property must be consistent with the range type of the coverage result. Thus, a satellite radiance image would be an inappropriate result for an observation of dynamic height over some swath of the ocean surface.
The CSML observation types specified in this document are all specialisations of a sampling coverage observation.
6.2
Met/ocean sampling data types

Physical processes occur in the natural world across a wide spectrum of spatial and temporal scales, and considerable science informs the design of experimental sampling strategies. It is no surprise, conversely, that the geometry and topology of observation sets are a fundamental determinant of the scientific uses to which they may be put. Moreover, the properties of observing instruments themselves place constraints on interpretation of their results (e.g. as regards accuracy, precision, calibration, required post-processing, etc.). These two factors – the scientific utility of a sampling regime, and the limitations of an observing process – lead to a natural, scientifically important, classification of data types along these axes. Usually the two are highly correlated (certain instruments generate certain samplings), and so scientific communities of practice adopt more abstract conceptual information classes that nevertheless reflect artefacts of sampling or instrument-type. This is particularly evident in the climate sciences, where broad information classes based on measurement-set geometry and topology have almost universal acceptance. The following examples are illustrative.

The US National Oceanographic and Atmospheric Administration (NOAA) has defined a Global Earth Observing Integrated Data Environment (GEO-IDE) to integrate measurements, data and products and create interoperability across data management systems. The GEO-IDE Concept of Operations (https://www.nosc.noaa.gov/dmc/docs/NOAA_GEO-IDE_CONOPS-v3-3.pdf
) notes that “(c)ommunities of interest within data management are most naturally organized by structural type of data” and defines the following ‘structural data types’: Grids, Moving-sensor multidimensional fields, Time series, Profiles, Trajectories, Geospatial Framework Data, Point Data, Metadata.

The ESRI ‘ArcMarine’ Data Model for marine data includes classes like Instant, Location Series, Time Series, Profile Line, Track, Sounding, Survey, {Ir}Regularly Interpolated Surfaces, Mesh Volume, etc.

File formats such as netCDF and NASA Ames utilise data models that reflect these structures (e.g. netCDF four-dimensional gridded lat-lon-height-time variables, or NASA Ames time-series at a point).

Both the Unidata NetCDF Common Data Model and CF Point Observation conventions adopt a classification scheme based on specific different spatiotemporal sampling geometries.

Based on this observation, the CSML classes defined in this document are classified around geometric and topologic structure, and not the semantics of the observable or measurand. This is consistent with its governance mandate. It would, for example, be outside the scope of CSML to define a highly specialised model for universal operational exchange of met observations (SYNOPs, METARs etc.). The definition of such specialised types is rightly the domain of international organisations such as the WMO. It is expected, however, that transformations would be possible from such specialised types to those of more general ambition defined here.

The CSML model does not carry any explicit topologic description at present. However, a requirement may arise in the future to do so.

7
The ‘CSML’ model

7.1
Introduction and design objectives
The aim of CSML is to provide a core, re-usable, data model for meteorology and oceanography, based on the Observations and Measurements standard, and reflecting existing community practice. This broad aim is reflected in a number of specific design objectives outlined below.
7.1.1
Observations and Measurements

With the Observations and Measurements model reaching an advanced level of maturity in standard ISO/DIS 19156, the opportunity arises to develop a data model for meteorology and oceanography based wholly on O&M. Previous versions of CSML adopted various elements of the O&M model – the ‘Phenomenon model’ of early O&M drafts, the principle of sampling features, etc. However, while O&M was evolving it was not possible to define a final stable O&M-based CSML. The current document aims now to do that. CSML therefore provides a core O&M-based model that may be adopted and re-used across multiple application domains, e.g. aviation meteorology, operational meteorology, climate science, oceanography, INSPIRE, etc.

As summarised in 6.1 above, O&M defines a Sampling Coverage Observation where a coverage results from sampling a varying feature property. CSML defines a set of specialised observation types, all derived from the Sampling Coverage Observation, but with specific spatiotemporal sampling geometries widely used in meteorology and oceanography.
7.1.2
Alignment with CF Point Observation conventions

A key goal of CSML is to establish an interoperability model that reflects both best-practice standards-based conceptual modelling and exchange encodings, together with existing file formats and infrastructure adopted widely in the community. This model is described in more detail in Annex C; in summary it supports a ‘CSML wrapper’ together with binary file-based data. Thus, this version of CSML achieves alignment with the Unidata NetCDF ‘Common Data Model’ and ‘CF Point Observation Conventions’ used in the climate research community. The co-evolution and mutual influence of CSML and the CDM over recent years has seen a growing convergence between the two. A joint CF-NetCDF – CSML representation combines an efficient binary representation with interoperable exchange metadata.
7.1.3
‘Soft-typing’ on phenomenon

If two sampled observations are structurally identical, except for the observed property (temperature, salinity, wind vector, humidity, etc) then they are modelled in CSML as the same observation type. For example, both a vertical wind profile and an atmospheric temperature sounding have similar characteristics (in terms of attributes and data handling operations that may be performed), differing primarily in the distinguishing physical parameter (vector wind vs. temperature). Their representations are collapsed, in CSML, into the same observation type.

This principle (‘soft-typing’ on observed property) has been identified as appropriate for GML modelling of coverage-type data in operational meteorology
.

7.1.4
Conventional portrayal

Most climate science data has a conventional portrayal used by practitioners (e.g. model output is typically displayed as shaded 2-d slices, an atmospheric sounding as a line graph against height in the vertical, a marine temperature section as a 2-d contoured field against depth and ship track distance, etc.). A workable minimum granularity for CSML observation types is determined by applying a discriminant of “sensible plotting”: there should be sufficient detail within an observation type – and sufficient difference between different types – to enable in-principle unsupervised rendering, in the conventional manner. This criterion is somewhat loose, and it remains to be seen in practice the extent to which it is satisfied with the observation types chosen. In that sense, the principle may play a more important role in evaluation than in design.
7.2
UML model

CSML defines a set of ten concrete observation types, each corresponding to a particular spatiotemporal sampling geometry and related coverage result. The sampling geometries are widely recognised in meteorology and oceanography, and align with the NetCDF Common Data Model and CF ‘Point Observation Conventions’. The CSML observation types are summarised in Table 1 below, while Table 2 lists the correspondence with CDM/CF types.
Table 1 — CSML observation types summary
	CSML Observation type
	Observation ‘phenomenon time’
	Observation ‘feature-of-interest’
	Description
	Example

	Point
	instant
	sampling point
	Single point measurement in time and space
	Single raingauge precipitation measurement

	PointSeries
	period
	sampling point
	Time-series of point measurements at a fixed location in space.
	Time-series of daily raingauge precipitation measurements; river-flow time-series

	Profile
	instant
	sampling curve
	Single instantaneous ‘profile’ of a property along a vertical line in space.
	Expendable bathythermograph observation of seawater temperature

	ProfileSeries
	period
	sampling curve
	Time-series of vertical profiles at a fixed horizontal location.
	Radar wind profiler measurement

	Grid
	instant
	sampling solid
	A gridded field at a single time instant.
	Midnight atmospheric surface pressure field analysed on a grid

	GridSeries
	period
	sampling solid
	An evolving gridded field at a succession of time instants
	Time-series of three-dimensional oceanic velocity field from a finite-difference general circulation model

	Trajectory
	period
	sampling curve
	Property varying along a meandering curve in time and space.
	Pollutant concentration from mobile air quality sensor

	Section
	period
	sampling surface
	Series of profiles topologically offset from a trajectory
	Vertical profiles of water current measurements taken by an acoustic doppler current profiler towed along a ship’s track

	Swath
	instant
	sampling surface
	Two-dimensional surface grid along a satellite ground path
	AVHRR satellite imagery

	ScanningRadar
	period
	sampling surface
	Profiles along a radar look direction rotating in azimuth at fixed elevation.
	Weather radar


Table 2 — Correspondence with CDM/CF types
	CSML
	CDM/CF
	
	CSML
	CDM/CF

	Point
	Point
	
	Swath
	Swath

	PointSeries
	StationTimeSeries
	
	ScanningRadar
	StationaryRadialSweep

	Trajectory
	Trajectory
	
	Section
	Collection of Profiles

	Profile
	Profile
	
	Grid
	Grid (single time)

	ProfileSeries
	StationProfile
	
	GridSeries
	Grid


The CSML observation types are all specialisations of the Sampling Coverage Observation defined in ISO/DIS 19156 (see 6.1.3 above). By definition the feature-of-interest is a spatial sampling feature (as per Table 1) and the observation result is a coverage; the following inherited consistency constraints also apply:

· feature-of-interest shape is consistent with spatial elements of result domain

· observation phenomenon time is consistent with temporal elements of result domain

· observed property is consistent with the range type of the result

NOTE
The spatial sampling feature (feature-of-interest) and observation phenomenon time broadly define ‘where’ and ‘when’ an observation is made, and are expected therefore to play an important discovery and filtering role in CSML. To this end, there may be benefits in representing the sampling feature geometry with reduced precision (compared with the full detail of the coverage result domain); the positional accuracy attribute allows this tolerance to be quantified. For instance, a group of instruments mounted at different mast heights on an automatic weather station may nevertheless be associated with a single sampling point; or a single (nominal) sampling curve may be used for a series of profile measurements from a marine mooring subject to current-dependent ‘blow-over’.
Three abstract CSML observation types are defined: CSML Observation, CSML Static Observation, and CSML Time Series Observation.

7.2.1
CSML Observation

7.2.1.1
General

A base abstract CSML observation class is defined (Figure 7) in order to provide a common root for domain-specific met/ocean sampling coverage observations. It otherwise adds nothing to the semantics of the Sampling Coverage Observation (ISO/DIS 19156) from which it derives.
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Figure 7 — CSML Observation

7.2.2
CSML Static Observation

7.2.2.1
General

A base abstract CSML class is defined (Figure 8) for sampling coverage observations which are (or may be considered to be) made at an instant in time.

[image: image8.emf]class CSML - CSML Static ObservationSamplingCoverageObservation«FeatureType»CSML v3::CSMLObservation«FeatureType»CSML v3::CSMLStaticObservationconstraints{phenomenonTime.oclIsKindOf(TM_Instant)}


Figure 8 — CSML Static Observation

7.2.2.2
Constraints

The following OCL constraint restricts the observation phenomenon time to be a time instant (TM_Instant from ISO 19108):
phenomenonTime.oclIsKindOf(TM_Instant)
NOTE
To simplify data management, it often suffices in meteorology and oceanography for observations which are not truly instantaneous to be considered so where the timescales of the underlying phenomenon dynamics are much longer than the measurement time. For instance, the ascent of a radiosonde, or descent of an XBT are usually considered instantaneous with respect to atmospheric or oceanic dynamics.
7.2.3
CSML Time Series Observation

7.2.3.1
General

A base abstract CSML class is defined (Figure 9) for observations made repeatedly on a spatial sampling feature, generating a time-series result.
Mathematically, the spatiotemporal domain of the coverage result is the direct product of the discrete spatial sampling locations and the time-series observation times.
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Figure 8 — CSML Time Series Observation

7.2.3.2
Constraints

Two constraints apply:

a) phenomenonTime.oclIsKindOf(TM_Period): The observation phenomenon time is a time period (TM_Period from ISO 19108) representing the temporal extent of the repeat observation time-series

b) result domain = {spatial sampling feature-of-interest} × {observation time-series}: The spatiotemporal domain of the discrete coverage result consists, mathematically, of the product of the sampling points (located on a spatial sampling feature) and a time-series of repeated observation times

The specialised concrete CSML observation types are defined in the following sections.
7.2.4
Point

7.2.4.1
General
The Point observation (Figure 9) is a CSML Static Observation that represents a measurement of a property at a single point in time and space.
[image: image10.emf]class CSML - Point observation«FeatureType»CSML v3::Pointconstraints{featureOfInterest.oclIsKindOf(SF_SamplingPoint)}CSMLObservation«FeatureType»CSML v3::CSMLStaticObservationconstraints{phenomenonTime.oclIsKindOf(TM_Instant)}


Figure 9 — CSML Point observation

7.2.4.2
Constraints
The feature-of-interest for a Point observation is a ‘spatial sampling point’ (SF_SamplingPoint from ISO/DIS 19156):

featureOfInterest.oclIsKindOf(SF_SamplingPoint)

7.2.4.3
Observation result
The result of a CSML Point observation is a discrete coverage having a domain of a single point within a compound spatiotemporal CRS.
7.2.5
PointSeries

7.2.5.1
General

The PointSeries observation (Figure 10) is a CSML Time Series Observation that represents a time-series of point measurements of a property at a fixed location in space.
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Figure 10 — CSML PointSeries observation

7.2.5.2
Constraints

The feature-of-interest for a PointSeries observation is a ‘spatial sampling point’ (SF_SamplingPoint from ISO/DIS 19156) representing the nominal sampling location for the time-series:


featureOfInterest.oclIsKindOf(SF_SamplingPoint)

7.2.5.3
Observation result

The result of a PointSeries observation is a discrete coverage within a spatiotemporal CRS, with a series of domain elements at a fixed spatial point location but with temporal components corresponding to the series of sampling times.
7.2.6
Profile

7.2.6.1
General

The Profile observation (Figure 11) is a CSML Static Observation that represents a single instantaneous ‘profile’ of a property along a vertical line in space.
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Figure 11 — CSML Profile observation
7.2.6.2
Constraints

The feature-of-interest for a Profile observation is a ‘spatial sampling curve’ (SF_SamplingCurve from ISO/DIS 19156) representing the nominal profile geometry:


featureOfInterest.oclIsKindOf(SF_SamplingCurve)
Recognising the important role played by vertical profiles in meteorology and oceanography, the shape of the sampling curve for a Profile observation should be straight and oriented vertically.

NOTE
The shape of a straight vertical sampling curve may be specified by a GM_Curve with just two (end) control points having the same horizontal coordinates.
7.2.6.3
Observation result

The result of a Profile observation is a discrete coverage with respective domain elements having the same temporal component (the instantaneous sampling time) and spatial locations laid out along the sampling curve.
7.2.7
ProfileSeries

7.2.7.1
General

The ProfileSeries observation (Figure 12) is a CSML Time Series Observation representing a time-series of vertical profiles at a fixed horizontal location.

[image: image13.emf]class CSML - ProfileSeries observation«FeatureType»CSML v3::ProfileSeriesconstraints{featureOfInterest.oclIsKindOf(SF_SamplingCurve)}CSMLObservation«FeatureType»CSML v3::CSMLTimeSeriesObservationconstraints{phenomenonTime.oclIsKindOf(TM_Period)}{result domain = {spatial sampling feature-of-interest} × {observation time-series}}


Figure 12 — CSML ProfileSeries observation
7.2.7.2
Constraints

The feature-of-interest for a ProfileSeries observation is a ‘spatial sampling curve’ (SF_SamplingCurve from ISO/DIS 19156) representing the nominal geometry of the profiles:


featureOfInterest.oclIsKindOf(SF_SamplingCurve)
Like the Profile observation, the shape of the sampling curve should be straight and oriented vertically.

7.2.7.3
Observation result

The result of a ProfileSeries observation is a discrete coverage within a compound spatiotemporal CRS where the domain consists of sets of points, or ‘profiles’, each profile aligned along the same vertical curve, and at a specific sampling time. The sampling times of successive profiles forms a time-series.

NOTE
Mathematically, the domain is equivalent to the direct product of the set of vertically-aligned spatial sampling points and the set of time-series sampling instants. It is exactly equivalent to a set of CSML PointSeries’ at different vertical heights. While interpretation as a time-series of vertical profiles is usually more common, the equivalence hints at a suitable implementation as a gridded array in space and time favouring neither viewpoint.
7.2.8
Grid

7.2.8.1
General

The Grid observation (Figure 13) is a CSML Static Observation representing a gridded field at a single time instant.
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Figure 13 — CSML Grid observation
7.2.8.2
Constraints

The feature-of-interest for a Grid observation is either a ‘spatial sampling surface’ or ‘spatial sampling solid’ (SF_SamplingSolid or SF_SamplingSurface from ISO/DIS 19156) representing the geometric manifold containing the gridded field:


featureOfInterest.oclIsKindOf(SF_SamplingSolid) or featureOfInterest.oclIsKindOf(SF_SamplingSurface)

NOTE
Usually two-dimensional gridded observations (corresponding to SF_SamplingSurface) in meteorology or oceanography are horizontal, but the Grid observation may also be used for instantaneous vertical grids.
7.2.8.3
Observation result

The result of a Grid observation is a discrete coverage within a compound spatiotemporal CRS where the domain consists of a two- or three-dimensional grid of points, all having the same time instant temporal component.
7.2.9
GridSeries

7.2.9.1
General

The GridSeries observation (Figure 14) is a CSML Time Series Observation representing an evolving gridded field at a succession of time instants.
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Figure 14 — CSML GridSeries observation
7.2.9.2
Constraints
The feature-of-interest for a GridSeries observation is either a ‘spatial sampling surface’ or ‘spatial sampling solid’ (SF_SamplingSolid or SF_SamplingSurface from ISO/DIS 19156) representing the geometric manifold containing the dynamic gridded field:


featureOfInterest.oclIsKindOf(SF_SamplingSolid) or featureOfInterest.oclIsKindOf(SF_SamplingSurface)
Observations on dynamic grids which themselves change over time are not supported.
7.2.9.3
Observation result

The result of a GridSeries observation is a discrete coverage within a compound spatiotemporal CRS where the domain consists of a series of two- or three-dimensional grids of points, each at a successive time instant.

7.2.10
Trajectory

7.2.10.1
General

The Trajectory observation (Figure 15) is a CSML Observation representing measurement of a property along a meandering curve in time and space.
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Figure 15 — CSML Trajectory observation
7.2.10.2
Constraints
Two constraints apply:

a) featureOfInterest.oclIsKindOf(SF_SamplingCurve): The feature-of-interest for a Trajectory observation is a ‘spatial sampling curve’ representing the trajectory path
b) phenomenonTime.oclIsKindOf(TM_Period): The observation phenomenon time is a time period (TM_Period from ISO 19108) representing the temporal extent of the trajectory

7.2.10.3
Observation result

The result of a Trajectory observation is a discrete coverage within a compound spatiotemporal CRS where the domain consists of a set of points associated with successive sampling times and located along the trajectory path.

7.2.11
Section

7.2.11.1
General

The Section observation (Figure 16) is a CSML Observation comprising a series of profiles topologically offset from a trajectory.
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Figure 16 — CSML Section observation
7.2.11.2
Constraints

Two constraints apply:

a) featureOfInterest.oclIsKindOf(SF_SamplingSurface): The feature-of-interest for a Section observation is a ‘spatial sampling surface’ representing the set of profiles

b) phenomenonTime.oclIsKindOf(TM_Period): The observation phenomenon time is a time period (TM_Period from ISO 19108) representing the temporal extent of the section’s trajectory and observing time

7.2.11.3
Observation result

The result of a Section observation is a discrete coverage within a compound spatiotemporal CRS where the domain consists of a set of profiles (usually vertical) arranged along the trajectory path of a ship or aircraft (normally).

7.2.12
Swath

7.2.12.1
General

The Swath observation (Figure 17) is a CSML Observation providing a two-dimensional surface grid along a satellite ground path.
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Figure 17 — CSML Swath observation
7.2.12.2
Constraints

Two constraints apply:

a) featureOfInterest.oclIsKindOf(SF_SamplingSurface): The feature-of-interest for a Swath observation is a horizontal ‘spatial sampling surface’ representing the ground swath of the satellite

b) phenomenonTime.oclIsKindOf(TM_Period): The observation phenomenon time is a time period (TM_Period from ISO 19108) representing the temporal extent of the satellite pass defining the swath

7.2.12.3
Observation result

The result of a Swath observation is a discrete coverage within a compound spatiotemporal CRS where the domain consists of a quadrilateral grid in the horizontal, but with a varying time along the central ground-path axis.

7.2.13
ScanningRadar
7.2.13.1
General

The ScanningRadar observation (Figure 18) is a CSML Observation measuring a set of backscatter profiles along a radar look direction rotating in azimuth at fixed elevation.
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Figure 18 — CSML ScanningRadar observation
7.2.13.2
Constraints

Two constraints apply:

a) featureOfInterest.oclIsKindOf(SF_SamplingSurface): The feature-of-interest for a ScanningRadar observation is a rectangular ‘spatial sampling surface’ geometry within the radar’s az-el engineering Coordinate Reference System

b) phenomenonTime.oclIsKindOf(TM_Period): The observation phenomenon time is a time period (TM_Period from ISO 19108) representing the temporal extent of the radar scan interval

7.2.13.3
Observation result

The result of a ScanningRadar observation is a discrete gridded coverage within a compound spatiotemporal CRS, using the radar’s azimuth-elevation axes as the spatial coordinate system. As well, successive columns of the grid have a temporal component increasing with the radar scan rotation.

8
Implementation

8.1
Coverage model

There is insufficient capability in ISO 19123 to adequately develop specific coverage models for all ten CSML observation types. This shortcoming relates both to the lack of spatiotemporal support, and the lack of topological richness.
EXAMPLE
All CSML observation types support coverage results over a spatiotemporal domain (with the ‘phenomenon time’ and ‘spatial sampling feature’ respectively representing the temporal and spatial projections, see section 6.1.3). On the other hand, ISO 19123 supports only spatial geometry for concrete discrete coverage domains (GM_Point for CV_DiscretePointCoverage, GM_Curve for CV_DiscreteCurveCoverage, GM_Surface for CV_DiscreteSurfaceCoverage, and GM_Solid for CV_DiscreteSolidCoverage). The only exception is CV_DiscreteGridPointCoverage with a CV_Grid domain which may be referenced against a compound spatiotemporal CRS.
EXAMPLE
The topological ‘connectivity’ of point measurements, which is very important in most real sampling observation scenarios, cannot be represented in ISO 19123. Thus, even the simple case of a set of observations made along a sampling curve cannot be modelled satisfactorily. The CV_DiscretePointCoverage is the closest fit, but no relationship (ordering, adjacency, connectivity) may be specified between individual points in the domain. The CV_DiscreteGridPointCoverage carries the implicit structuring of grid points along axes within a grid, and may be used in a degenerate 1-d form to represent points along a curve.

Motivated by the NetCDF data model based on a generic abstract ‘grid’ of data nevertheless used to store various observation type results, we define in this section implementations of several coverage types based on the ISO 19123 CV_ReferenceableGrid. While GML [ISO 19136] does not provide an implementation of CV_ReferenceableGrid, an encoding has been defined in an accepted GML Change Request [07-112r3] which may be used together with the approved OGC ‘GML Application Schema for Coverages’ [09-146r1]. (Both are expected to be incorporated into a future revision of GML.)
For each of the CSML Observation types, we define below an implementation class for a corresponding coverage result. While the use of these is encouraged for interoperability, it is recognised that other implementations may arise, especially in light of any future revision of ISO 19123.
The set of CSML coverage types, and their use of CV_ReferenceableGrid, is summarised in Table 3.
Table 3 — CSML coverage implementation types based on CV_ReferenceableGrid
	CSML coverage type
	CV_ReferenceableGrid dimension
	External CRS dimension
	Grid-CRS axis alignment

	Point
	Zero
	Four (x-y-z-t)
	

	PointSeries
	One
	Four (x-y-z-t)
	t-axis

	Profile
	One
	Four (x-y-z-t)
	z-axis

	ProfileSeries
	Two
	Four (x-y-z-t)
	z-, t- axes

	Grid
	Three
	Three (x-y-z)
	

	GridSeries
	Four
	Four (x-y-z-t)
	t-axis

	Trajectory
	One
	Four (x-y-z-t)
	

	Section
	Two
	Four (x-y-z-t)
	z-axis

	Swath
	Two
	Three (x-y-t)
	

	ScanningRadar
	Two
	Two (azimuth-range)
	azimuth-, range- axes


In Table 3, the fourth column (alignment of Grid and CRS axes) indicates whether one or more grid axes are aligned with a CRS axis.

EXAMPLE
A Profile represents a set of observation sampling points lying along a vertical curve. The coverage result therefore is represented as a one-dimensional grid within a four dimensional CRS, where the (single) grid axis is aligned with the ‘z’ (vertical) axis of the CRS.
8.2
Encoding and schemas

The XML schemas for CSML have been generated following the UML-to-GML encoding rules specified in ISO 19136 Annex E, supplemented with:
· the XML schemas for ISO 19156 (Observations and Measurements) proposed in OGC document 10-025r1

· the implementation of CV_ReferenceableGrid proposed in GML Change Request 07-112r3

· the application schema for coverage types proposed in OGC document 09-146r1
NOTE
Both OGC documents 07-112r3 and 09-146r1 are expected to be incorporated into core GML coverage schemas in a forthcoming revision.

Normative schemas for CSML are included in Annex B.
8.3
Binary files and ‘by-reference’ pattern

Much of the observation data modelled by CSML is typically persisted in binary files. Indeed, it is an explicit goal of CSML to provide a standards-based conceptual model mirroring the emerging ‘CF Conventions for Point Observation Data’ for NetCDF files.
While CSML may be used alone, with observation result data encoded inline, it is also possible to use the GML ‘by-reference’ pattern – together with the W3C xlink specification – to provide a joint representation. The observation result data may remain in a binary file, with CSML providing an interoperable ‘wrapper’.
The general approach has been described in OGC document 07-083 (‘Use of xlink in GML – profile for file-based data’). This approach has been proposed for adoption by the European INSPIRE Directive (see European Commission, “D2.7: Guidelines for the encoding of spatial data”, Annex C ‘Encoding of file-based data’). It was further refined in a presentation to the Coverages DWG during the Boston TC meeting in June 2009 (Woolf, “An approach to interoperability for file-based coverage data”).
The xlink approach follows ISO 19129 in utilising GML as a mediator between file-based exchange formats and a conceptual content model. Specifically, the standard GML ‘by-reference’ pattern is adopted, using xlink attributes to indicate that the content of an observation result is available in an external file.

We propose here a specific pattern using the following simple xlink attributes:

· xlink:href – identifier of the resource which is the target of the association, given as a URI

· xlink:role – description of the nature of the target resource, given as a URI

· xlink:arcrole – description of the role or purpose of the target resource in relation to the present resource, given as a URI

The following subsections describe the use of each of these attributes.
8.3.1
xlink:role

The xlink:role attribute is used to specify the file type as a MIME type in URI form.

EXAMPLE
A NetCDF format file may be indicated using xlink:role="urn:mimetype:application/x-netcdf".
8.3.2
xlink:href

The xlink:href attribute is used to specify the external file within which logical content for a CSML observation instance is contained. Moreover, following RFC 3986, a fragment identifier may be specified, with semantics dependant on the file’s MIME type.
EXAMPLE
The NetCDF variable ‘tempvbl’ within a file ‘myfile.nc’ may be indicated through a fragment identifier with xlink:href="myfile.nc#tempvbl".

EXAMPLE
The third record within a GRIB file ‘myfile.grb’ may be indicated through a fragment identifier with xlink:href="myfile.grb#3".
8.3.3
xlink:arcrole
The xlink:arcrole attribute is used in this proposed pattern to specify the relative location within the CSML document where the logical file-based content is to be inserted.

In normal use of the GML ‘by-reference’ pattern, the referenced resource provides directly the value of the property containing the xlink attributes. This is appropriate where an entire GML object is available at the referenced location.

However, in most cases of interest here, it will not be an entire logical coverage available within a file (with domain and range arranged in a manner which may be related in an obvious way to the layout of a coverage in the GML instance). Rather, it may be just the domain values, or just the range values (e.g. within a NetCDF variable) which need to be referenced.
NOTE
The encoding of CV_ReferenceableGrid provided through the GML type ‘ReferenceableGridByVectors’ proposed in OGC 07-112r3 provides a direct match to the NetCDF mechanism for specifying grid geometry. Each NetCDF ‘coordinate variable’ may be encoded in a ‘GeneralGridAxis’, with xlink used to reference the file variable.
The mechanism proposed here to achieve this is to use xlink:arcrole to specify a local relative XPath to the element which is the container for the referenced file contents.
EXAMPLE
Consider the following extract from a GML coverage instance:
<gml:rangeSet>
   <gml:ValueArray>
      <gml:valueComponent>
         <gml:QuantityList uom="degrees_celsius">
            23 22 21 22
            23 33 14 16
            17 15 16 12
            11 22 22 22
            23 32 33 34
            22 33 32 21
         </gml:QuantityList>
      </gml:valueComponent>
   </gml:ValueArray>
</gml:rangeSet>
An external file containing numerical values for the gml:QuantitytList may be indicated by attaching an xlink:arcrole attribute with a suitable XPath to the parent gml:valueComponent element:
<gml:valueComponent xlink:href=... xlink:arcrole="QuantityList" xlink:role=...>
EXAMPLE
The complete example above may be represented as:
<gml:rangeSet>
   <gml:ValueArray>
      <gml:valueComponent xlink:href="myfile.nc#tempvbl" xlink:arcrole="QuantityList" xlink:role="urn:mimetype:application/x-netcdf">
         <gml:QuantityList uom="degrees_celsius"/>
      </gml:valueComponent>
   </gml:ValueArray>
</gml:rangeSet>
8.4
Nillability

The ISO 19156 conceptual model for Observations and Measurements carries the following explicit logical consequences. By definition, an observation:
· cannot exist without a procedure that generates it; and

· must observe some property of some feature-of-interest;
· on a sampling feature implies a related sampled feature.
Thus, at the encoding level (see OGC document 10-025r1), an observation has mandatory XML properties ‘procedure’, ‘observedProperty’, and ‘featureOfInterest’; and a ‘sampling feature’ must have an associated ‘sampled feature’.
While for logical completeness these properties are mandatory, it is also recognised that there may be occasions where a provider is unable to supply them. Thus, these XML elements are nillable, and may be omitted with a gml:nilReason attribute providing an explanation.
8.5
Examples
Tbd...
Annex A
(normative)

Conformance

A.1
...

Tbd...
Annex B
(normative)

CSML schemas
B.1
General

The CSML schemas are derived from application of the UML-to-GML rules specified in ISO 19136 Annex E, supplemented with the schemas proposed by OGC document 10-025r1 for ISO 19156 (Observations and Measurements) and also the implementation proposed by OGC document 07-112r3 for CV_ReferenceableGrid.
Schematron is used to implement constraints on specific coverage result types for each CSML observation type.

B.2
Core CSML schema
The core CSML schema is listed below:

<schema xmlns="http://www.w3.org/2001/XMLSchema" xmlns:gml="http://www.opengis.net/gml/3.2" xmlns:csml="http://ndg.nerc.ac.uk/csml/3.0" xmlns:sa="http://www.opengis.net/sampling/1.0/gml32" xmlns:om="http://www.opengis.net/om/2.0" xmlns:swe="http://www.opengis.net/swe/1.0/gml32" xmlns:sam="http://www.opengis.net/sampling/2.0" targetNamespace="http://ndg.nerc.ac.uk/csml/3.0" elementFormDefault="qualified" attributeFormDefault="unqualified"><!-- Schema auto-generated by FullMoon, applying rule suite xmi11ea -->

    <annotation>

        <documentation>[WARN-A001] - No package description in UML model</documentation>

    </annotation>

    <import namespace="http://www.opengis.net/gml/3.2" schemaLocation="http://schemas.opengis.net/gml/3.2.1/gml.xsd"/>

    <import namespace="http://www.opengis.net/sampling/2.0" schemaLocation="http://schemas.opengis.net/sampling/2.0/samplingFeature.xsd"/>

    <import namespace="http://www.opengis.net/swe/1.0/gml32" schemaLocation="http://dp.schemas.opengis.net/08-127/sweCommon/1.0.1_gml32/swe.xsd"/>

    <import namespace="http://www.opengis.net/om/2.0" schemaLocation="http://schemas.opengis.net/om/2.0/observation.xsd"/>

    <import namespace="http://www.opengis.net/sampling/1.0/gml32" schemaLocation="http://dp.schemas.opengis.net/08-129/sampling/1.0.0_gml32/sampling.xsd"/>

    <element name="GridSeries" substitutionGroup="csml:CSMLTimeSeriesObservation" type="csml:GridSeriesType"/>

    <complexType name="GridSeriesType">

        <complexContent>

            <extension base="csml:CSMLTimeSeriesObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="GridSeriesPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:GridSeries"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="Point" substitutionGroup="csml:CSMLStaticObservation" type="csml:PointType">

        <annotation>

            <documentation>A measurement of a property at a single point in time and space.

</documentation>

        </annotation>

    </element>

    <complexType name="PointType">

        <complexContent>

            <extension base="csml:CSMLStaticObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="PointPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:Point"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="Section" substitutionGroup="csml:CSMLObservation" type="csml:SectionType"/>

    <complexType name="SectionType">

        <complexContent>

            <extension base="csml:CSMLObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="SectionPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:Section"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element abstract="true" name="CSMLTimeSeriesObservation" substitutionGroup="csml:CSMLObservation" type="csml:CSMLTimeSeriesObservationType">

        <annotation>

            <documentation>A base abstract CSML observation made repeatedly on a spatial sampling feature, generating a time-series result.

Mathematically, the spatiotemporal domain of the coverage result is the direct product of the discrete spatial sampling locations and the time-series observation times.

</documentation>

        </annotation>

    </element>

    <complexType abstract="true" name="CSMLTimeSeriesObservationType">

        <complexContent>

            <extension base="csml:CSMLObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="CSMLTimeSeriesObservationPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:CSMLTimeSeriesObservation"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="ScanningRadar" substitutionGroup="csml:CSMLObservation" type="csml:ScanningRadarType"/>

    <complexType name="ScanningRadarType">

        <complexContent>

            <extension base="csml:CSMLObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="ScanningRadarPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:ScanningRadar"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="PointSeries" substitutionGroup="csml:CSMLTimeSeriesObservation" type="csml:PointSeriesType">

        <annotation>

            <documentation>A time-series of point measurements of a property at a fixed location in space.

</documentation>

        </annotation>

    </element>

    <complexType name="PointSeriesType">

        <complexContent>

            <extension base="csml:CSMLTimeSeriesObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="PointSeriesPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:PointSeries"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element abstract="true" name="CSMLObservation" substitutionGroup="om:OM_Observation" type="csml:CSMLObservationType">

        <annotation>

            <documentation>A base abstract observation class providing a common root for domain-specific met/ocean sampling coverage observations.

</documentation>

        </annotation>

    </element>

    <complexType abstract="true" name="CSMLObservationType">

        <complexContent>

            <extension base="om:OM_ObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="CSMLObservationPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:CSMLObservation"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="Swath" substitutionGroup="csml:CSMLObservation" type="csml:SwathType"/>

    <complexType name="SwathType">

        <complexContent>

            <extension base="csml:CSMLObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="SwathPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:Swath"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="Grid" substitutionGroup="csml:CSMLStaticObservation" type="csml:GridType"/>

    <complexType name="GridType">

        <complexContent>

            <extension base="csml:CSMLStaticObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="GridPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:Grid"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element abstract="true" name="CSMLStaticObservation" substitutionGroup="csml:CSMLObservation" type="csml:CSMLStaticObservationType">

        <annotation>

            <documentation>A base abstract CSML observation which (may be considered to be) made at an instant in time.

</documentation>

        </annotation>

    </element>

    <complexType abstract="true" name="CSMLStaticObservationType">

        <complexContent>

            <extension base="csml:CSMLObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="CSMLStaticObservationPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:CSMLStaticObservation"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="ProfileSeries" substitutionGroup="csml:CSMLTimeSeriesObservation" type="csml:ProfileSeriesType"/>

    <complexType name="ProfileSeriesType">

        <complexContent>

            <extension base="csml:CSMLTimeSeriesObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="ProfileSeriesPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:ProfileSeries"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="Trajectory" substitutionGroup="csml:CSMLObservation" type="csml:TrajectoryType"/>

    <complexType name="TrajectoryType">

        <complexContent>

            <extension base="csml:CSMLObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="TrajectoryPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:Trajectory"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

    <element name="Profile" substitutionGroup="csml:CSMLStaticObservation" type="csml:ProfileType"/>

    <complexType name="ProfileType">

        <complexContent>

            <extension base="csml:CSMLStaticObservationType"/>

        </complexContent>

    </complexType>

    <complexType name="ProfilePropertyType">

        <sequence minOccurs="0">

            <element ref="csml:Profile"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

</schema>
B.3
CSML coverage schema
The schema for CSML coverage types is listed below:

<schema xmlns="http://www.w3.org/2001/XMLSchema" xmlns:gml="http://www.opengis.net/gml/3.2" xmlns:csml="http://ndg.nerc.ac.uk/csml/3.0" targetNamespace="http://ndg.nerc.ac.uk/csml/3.0" elementFormDefault="qualified" attributeFormDefault="unqualified"><!-- Schema auto-generated by FullMoon, applying rule suite xmi11ea -->

    <annotation>

        <documentation>Schema contains an interim implementation of ReferenceableGridByArray as per GML CR 07-112r3. When this CR is fully processed this schema will be redundant and should be replaced with the GML implementation.</documentation>

    </annotation>

    <import namespace="http://www.opengis.net/gml/3.2" schemaLocation="http://schemas.opengis.net/gml/3.2.1/gml.xsd"/>

    <element name="ReferenceableGridByArray" substitutionGroup="gmlcov:AbstractReferenceableGrid" type="csml:ReferenceableGridByArrayType"/>

    <complexType name="ReferenceableGridByArrayType">

        <complexContent>

            <extension base="gmlcov:AbstractReferenceableGridType">

                <sequence>

                    <element name="posList" type="gml:geometricPositionListGroup"/>

                    <element name="sequenceRule" type="gml:SequenceRuleType"/>

                </sequence>

            </extension>

        </complexContent>

    </complexType>

    <complexType name="ReferenceableGridByArrayPropertyType">

        <sequence minOccurs="0">

            <element ref="csml:ReferenceableGridByArray"/>

        </sequence>

        <attributeGroup ref="gml:AssociationAttributeGroup"/>

        <attributeGroup ref="gml:OwnershipAttributeGroup"/>

    </complexType>

</schema>
B.4
CSML schematron
Tbd...
Annex C
(informative)

An interoperability model for met/ocean data

The ambition of CSML to provide standards-based interoperable information models for the climate sciences is in tension with the reality of data management practice in this domain – very large volume (often tera-scale), file-based data in proprietary or ad-hoc but efficient formats, with a considerable legacy of existing – often elaborate – operational infrastructure built around them. It is infeasible on numerous grounds to imagine warehousing existing data into a new ‘interoperable’ XML representation.

CSML attempts to strike a middle-ground (Figure 1), and is proposed as a best practice approach for similar problem domains.
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Figure 1 — Interoperability vs. efficiency in the climate sciences
The goal of interoperability suggests a standards-based approach – conceptual modelling of important community-agreed feature types, with model-driven serialisation into standardised XML representations. On the other hand, compatibility with existing infrastructure, and efficiency of storage demands the continuing use of community data formats.

In fact, both are needed. The CSML solution formalises the working habits of practitioners, who don’t plan their activities in terms of low-level file formats, but rather at a higher conceptual level. For instance a researcher may wish to “calculate the annual average surface temperature over continental Europe”. The conceptual model held by the researcher is of a field of temperature data extending over the Earth’s surface, and vertically, and varying in time over some number of years. Regardless of the actual representation of the data (be it in one or more netCDF files, or GRIB 2-d layers, or in pages of an Excel spreadsheet), it is clear that this representation can always be logically mapped onto the conceptual view (otherwise the researcher’s task would not be possible). The mapping might not be straightforward (e.g. it might involve extracting and aggregating arrays of data from many hundreds of files), but it is logically possible.

Thus we arrive at the CSML model for interoperability. It consists of two components:

1. a conceptual model of information capturing essential feature types independent of storage details – an interoperable ‘skeleton’ (the ‘GML wrapper’); with

2. a mechanism for mapping stored (file-based) data into feature instances to provide the content – adding digital ‘flesh’ to the conceptual bones (the ‘xlink mechanism’ described in section 8.3).
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Figure 2 — The CSML interoperability model for legacy data
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� Within the tolerances specified, if present, by the positional accuracy of the spatial sampling feature.


� Link appears to be dead, but was referenced from the following web page on 9-Dec-2010: � HYPERLINK "https://nosc.ngdc.noaa.gov/dmc/swg/wiki/index.php?title=Global_Earth_Observation_Integrated_Data_Environment_CONOPS" �https://nosc.ngdc.noaa.gov/dmc/swg/wiki/index.php?title=Global_Earth_Observation_Integrated_Data_Environment_CONOPS� 


� OGC Web Services and GML Modelling for Operational Meteorology (6th – 10th February 2006), Communiqué – workshop findings and outcomes





�Probably want the trajectory represented explicitly, as per CSML v2....





Others in CSML v2:


Point.{location,time}


PointSeries.location





Profile.{location,time}


ProfileSeries.location


Section.station{Locations,Times}


ScanningRadar.elevation


Grid.time


Swath.eqCross{Lon,Time}
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