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The maritime infrastructure of ports, seaways and the electronic information that is necessary to navigate is critical to the world's economy. 
In the past, navigation was done using paper charts that were published and distributed periodically together with supporting printed documents. The increased density of shipping, increased loading of vessels, extended seasons and other dynamic conditions has led to the development of electronic aids to navigation including the Electronic Nautical Chart (ENC), and ancillary services. These “eNavigation” techniques promise greatly increased efficiencies in sea transport. However there is a need for an infrastructure to support these services and provide access to information for mariners.
This report reviews the way a select set of IHO member nations have developed a Marine Spatial Data Infrastructure (MSDI) to support the distribution of navigational information to commercial shipping, recreational boaters, and the general public. The report is based on information gathered based on an MSDI survey distributed to IHO member nations in IHO circular letter 56/2015. The conditions in different countries are not always directly comparable. For example, Canada borders on three oceans and shares one of the world’s longest seaway canal systems with the United States of America, and therefore needs to produce more charts and ancillary navigational information than do many countries. Many other countries also have extensive catalogues of electronic charts and other navigational and marine data products. The demand for marine services and support infrastructure is increasing as seasonal navigation becomes more open and to carry an increasing volume of goods through existing ports. 
The deployment of a Web based MSDI infrastructure allows a more efficient use of resources to support marine navigation.
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Many nations are using Web Services over the Internet to disseminate hydrographic information such as navigational charts, set to modern electronic chart standards, together with supporting information, to commercial shipping and the general public. The availability of such charts and ancillary information is of critical importance to trading nations’ economies. Shipping by sea is the dominant method by which natural resource products are transported by most nations. Providing electronic chart information and other supporting aids to navigation, provides important efficiencies that have a high multiplier effect[footnoteRef:1] on the whole national economy. A dollar invested in infrastructure that supports navigation for commercial shipping has been shown to generate 4.4 dollars of benefit to the economy[footnoteRef:2]. [1:  According to a study by the Centre for Maine Economics and Logistics in the Netherlands the multiplier effect for investing in support of marine shipping is a high [7].]  [2:  ibid] 

Shipping is very competitive and services to the marine industry need to be very cost effective both for the marine industry consumers of the information and to the government suppliers. Delivering Web services through a Marine Spatial Data Infrastructure provides the best way of using modern technology to lower costs for the government suppliers of marine information and to increase the efficiency of marine transport by increasing the knowledge of the marine environment through which a ship navigates. This increased knowledge of the safe environment around and under a ship both improves safety and allows increased loads to be carried when conditions are safe. 
Many nations are well advanced in the development and deployment of MSDI systems and services. Conditions vary in different countries. 
Many nations have invested heavily in supporting their marine infrastructure with an investment in a Marine Spatial Infrastructure Service. The United Kingdom Hydrographic Office has indicated that the “Blue Economy” is “the sum of all economic activity associated with the oceans, seas, harbours, ports, and coastal zones [15]”. They also stated that “Obtaining and disseminating this hydrographic knowledge … is the most fundamental of all the enablers required to develop and sustain the Blue Economy”. 
The US publishes all of its marine data openly on the Web. This supports one of the world’s largest marine industries and is in alignment with the US Government’s National Ocean Policy issued in 2012 [5]. 
Services upon which critical operations such as safe navigation are dependent need to be robust and follow modern standards.  
This report presents a study on the current status of the development of the MSDI internationally in IHO member nations. It is based on responses to a survey issued by the IHO through a circular letter. There were 24 responses to the survey. In addition some support data was collected from other sources. 
Only general budgetary information was requested in the survey; however, the scale of the effort to build a MSDI is significant. A senior official in the US NOA [14] said that the cost was “multiple millions of dollars spread over many different budget items”. Many nations do not seem to break-out MSDI costs as a separate budget items. Therefore the direct costs are not available. 
The structure of the hydrographic organizations and their mandates differs between countries. The United Kingdom Hydrographic Office maintains a world-wide chart catalogue based on its historical arrangements with many nations. This makes it a “one stop” shop for many commercial shipping companies. It republishes other nation’s charts paying a royalty. It also maintains a Regional Electronic Nautical Chart centre or RENC (IC-ICE). Norway also maintains a competitive RENC (Primar). 
The US makes all of its charting and other navigational material publically available. It is paid for through government appropriation with a chargeback to users through the Maritime Service Fee (Port Tax) that vessels pay to use US ports. Australia does its charting through the Royal Australian Navy and so the appropriations are part of the military budget; however it is very open with its data. In Europe the INSPIRE initiative, in response to the European Commission Directive, requires nations to make their data available through standardized Web Services in compliances with the standards set through INSPIRE projects[footnoteRef:3], however, all forms of geospatial information are considered together. Many other nations also have unique national conditions that impacts their approach to the development of an MSDI. [3:  Inspire provides “Infrastructure for Spatial Information in the European Community… The INSPIRE directive aims to create a European Union (EU) spatial data infrastructure.”  One of the principles is that “Geographic information needed for good governance at all levels should be readily and transparently available.”  <http://inspire.ec.europa.eu/index.cfm/pageid/48>] 

The questions asked of the nations were questions corresponding to the four pillars for a Spatial Data Infrastructure[footnoteRef:4],[footnoteRef:5] plus the all-important area of resources. Resources include general Financial information such as the source of funding as well as the Time Frame.  The Standards and Technology support the Policies and People and the Resources underlay all aspects. The logical order for the questions is:  [4:  There are many references to “four pillars” in the literature with variable definitions. One that can be cited is the “Data policy, institutional framework, technology and standards are emerging as the four major pillars of a spatial data infrastructure.” by Gerhard Muggenhuber, former chair of the FIG (International Federation of Surveyors) Commission 3 on Spatial Information Management, in “Spatial Information for Sustainable Resource Management”, FIG, September 2003.]  [5:  Another reference to the pillars is in the UN-GGIM report “Updates on Development of Nationwide Geospatial Data Management”, A Karsidi, Geospatial Information Authority Agency, Republic of Indonesia. 2013. Here Dr. Karsidi adds a fifth pillar of “Institutional Arrangements”.] 

· People (including who the audience is and who is offering the Marine Spatial Data Infrastructure (MSDI));
· Policies (the policies and management structures established to manage the MSDI);
· Technology (the services implemented and the data offered by the MSDI);
· Standards (the standards used to establish the MSDI);  and

· Resources (the costs and time frame for the establishment of the MSDI). 

The intent of the study is to determine the relative level of advancement for various MSDI’s, in terms of what is offered and what can be offered within a given resource framework.

A comparison table has been compiled for the information derived from all the identified nations. This is contained in a separate document Attachment 1.
[bookmark: _Toc440408218]What is a Marine Spatial Data Infrastructure?
The International Hydrographic Organization has defined a (Marine) Spatial Data Infrastructure (MSDI) to be “the relevant base collection of technologies, policies and institutional arrangements that facilitate the availability of and access to spatial data [16].” 
An MSDI includes all aspects related to spatial information including the structure of the data and all of the interfaces to the systems that disseminate or present the information. Components of a MSDI are:
· Data structure/schema (Application Schema);
· Data description/semantics (Feature Catalogue);
· Metadata;
· Data and metadata capture operations;
· Data (the data elements);
· Data management;
· Discovery;
· Access;
· Transformation.

This is illustrated in Figure 1. Different users access the system through various information services. These include the Discovery Service (e.g., the Catalogue Service for the Web) to find data, the Web Mapping and related access services to retrieve and process data, and the generation and management of data in a Geographic Information System (GIS) which may both retrieve and generate data. 
The data is composed of Geospatial Feature Objects that are assembled through a Feature Catalogue to address a particular world view. That is, a Feature Catalogue binds Features and Attributes to describe real world objects. The data may be organized in many different ways in the data store, as layers, thematic groups, or other structures. 
Metadata is data about the resources, such as production dates, quality, etc. 
The Application Schema integrates all of the components for a particular use. For example, certain features comprise an Electronic Nautical Chart used for navigation. Some of the same feature types may also exist in other Application Schemas such as a terrestrial road map, but the attributes would be different. The Nautical Chart would need to include the clearance under the bridge as an attribute, whereas, the road map would include the connectivity of the bridge to the road network. The same feature instance could exist in the data store in such a way so that if there were a change in the bridge feature instance the change could be reflected in both uses. 
Registers support the data structure by providing definitions for metadata elements, and feature concepts. The Spatial Referencing Register includes a list of Geodetic Codes and Parameters such as horizontal and vertical datums. The data that flows out to users would be encoded. This structure is illustrated in Figure 1.

[image: ]
[bookmark: _Ref440363262]Figure 1- Elements of a Spatial Data Infrastructure

The elements illustrated in Figure 1 are the essence of any Spatial Data Infrastructure and represent the Technology and associated Standards. These elements apply equally to a Marine Spatial Data Infrastructure.
[bookmark: _Toc440408219]Technology and Standards
One approach to understanding the status of MSDI implementations is to examine the technology elements and standards that have been developed and the level of implementation of these elements and standards. This can be done by examining the status of the work in the standards committees, the International Hydrographic Organization (IHO), International Organization for Standardization (ISO) and the Open Geospatial Consortium (OGC).
[bookmark: _Toc440408220]International Hydrographic Organization (IHO)
The IHO is a domain specific standards organization. It is a high level international organization which has the hydrographic offices of nations as members. The standards are consensus standards and form part of the basis for other international agreements such as the UN International Maritime Organization SOLAS convention. The IHO initially developed unique stand-alone standards such as the IHO Transfer Standard for Digital Hydrographic Data S-57 [9] but is in the process of replacing these standards with standards based on the ISO Geographic Information Standards. What is important here is that the transition to the new IHO Universal Hydrographic Data Model (S-100) [10] is not complete. The majority of hydrographic data is in the S-57 form and therefore is only partially compliant with many of the Web Services standards available from ISO and OGC. Only the basic level of web services can be implemented using S-57 data. 
IHO has adopted the S-100 standard which is fully in line with the ISO Geographic Information Standards but has not yet completely finalized the S-101 Electronic Nautical Chart (ENC) standard. S-101 follows the same feature oriented philosophy as the original S-57 and there was significant effort expended to ensure backward compatibility so it is possible to generate S-101 ENC data from the same hydrographic source databases that have been used to generate S-57; however, few nations have yet to deploy any more than test data. Certification and compliance depends upon finalization of the standard.
IHO has completed one other product specification based on S-100. This is the S-102 [1] Bathymetric Surface Product Specification.  This standard is built upon an older specification (not a standard), the Bathymetric Attributed Grid (BAG). It follows the coverage standards from ISO so it can be used in a Web Service, but the recommended encoding is the Hierarchical Data Format (HDF v5) [22] which is essentially a file format. S-102 data can be converted to a format that will work on a web coverage service, but the encodings have not been standardized yet.
IHO is also working on several other product specifications for other layers of information, such as S-111 Surface Current Product Specification and many others [13]. None of these are finalized yet. 
The IHO S-100 standard does make use of the metadata standards defined in ISO and maintains a register structure including metadata, and a feature data dictionary. These are necessary elements for establishing Web based spatial services.
The IHO is also examining the capability of Developing a Marine Spatial Data Infrastructure [17].
In summary, The IHO standards are in alignment with the ISO and OGC standards necessary to establish a Spatial Data Infrastructure, but some of the IHO standards are not yet mature. There are remaining gaps at the standards level with respect to IHO.
[bookmark: _Toc440408221]International Organization for Standardization (ISO) 
The International Organization for Standardization (ISO) Technical Committee on Geographic Information TC211 has developed a large repertoire of standards to describe many aspects of geographic information. A number of its standards are abstract high level reference models and abstract schemas. The ISO standards are intended to be guides upon which other groups, such as IHO or national bodies or industry would develop more specific profiles and product specifications. 
The ISO standards are widely adopted but cannot be implemented directly. They provide guidance, models and choices. Some of the standards are of great importance such as the general feature model, metadata, spatial referencing, spatial schema, coverage geometry and register standards. They already form the basis of the IHO S-100 standard. These elements are illustrated in Figure 1 in the box “Structure of the Data”. The three “books” to the left, in the figure, represent the data types in a register. 
The ISO standards also support services and define encodings that are used in a Web Service. The “neutral” encoding defined in ISO is XML [6] and the namespace for geographic information in XML is the Geography Markup Language (GML) [12] an XML grammar defined by the Open Geospatial Consortium (OGC). GML has also been defined in ISO as standard ISO 19136 Geographic information -- Geography Markup Language (GML).  Both ISO and OGC also define standards for other aspects of Web Services.
The ISO metadata standard is the underpinning for the Web Services that make up an SDI. ISO defines a comprehensive list of available metadata items. Product specifications such as those in IHO select the metadata elements that are applicable. Only a few are mandatory.
The ISO standards are mature and support the development of an MSDI; but to use them profiles and product specifications need to be developed.
[bookmark: _Toc440408222]The Open Geospatial Consortium (OGC) 
The Open Geospatial Consortium (OGC) is an industry standards group that primarily develops service standards that support Web Services. They work closely with ISO and provide the implementation level standards that are used in services. The OGC have a wide repertoire of standards, and their standards evolve quickly to keep-up with technology. Their data standards build directly on ISO. They use the ISO general feature model, metadata, spatial referencing, spatial schema, coverage geometry and register standards.
OGC has defined a set of services and compliance tests that essentially make-up the interface to a Spatial Data Infrastructure. This is a hierarchical structure. The most basic standards are discovering and displaying spatial data. These are the Catalogue Service for the Web (CSW) [3] standard and the Web Mapping Service (WMS) [20] standard. 
The Catalogue Service for the Web is based on metadata. It allows a user to be led to discovery data through a digital catalogue of metadata for geospatial data, services, and related resources. Metadata describes the available resources that can be queried and discovered.  This is illustrated in Figure 2.
[image: ]
[bookmark: _Ref440363927]Figure 2– Data Discovery Based on Metadata

The Web Mapping Service allows a user to request and display an image of a map. Multiple layers of geo-registered images may be overlaid to produce a composite map corresponding to a query. Figure 3 shows a section of a map with an overlay. The user’s computer system formulates a Get Capabilities request to the WMS service. In response the service responds with an XML document listing the functions available. The user’s system then requests the map data and the WMS service responds with a set of images that may be overlaid. 
The Web Mapping Service provides images of map and overlay data. It is the responsibility of the user to integrate the data “in their mind’s eye”. This is good if one wants to see where something is, but is not useful if the user wants to process the data.

[image: ]
[bookmark: _Ref440363951]Figure 3 – Web Mapping Service[footnoteRef:6] [6: WMS example from ESRI corporation < http://dtc-sci01.esri.com/OGCApps/OpenLayersApp/samples/EsriOpenLayersWMS.html>] 

OGC also defines other services that allow access to the components that build up a map. These are geospatial features and coverages. The basic standards are the Web Feature Service (WFS) [19] and the Web Coverage Service (WCS) [18]. A more advances capability is the Web Processing Service (WPS) [21] that allows the execution of a process on the geospatial data displaying the result.
The Web Feature Service and Web Coverage Service are complex. They required structured standardized data. The output format on the web is GML or image formats imbedded in GML. 
 Figure 4 shows a map with overlaid features obtained through a WFS.
[image: ]
[bookmark: _Ref440364135]Figure 4 – Web Feature Service[footnoteRef:7] [7: WFS example from Caris corporation < http://aws2.caris.com/ukho/mapViewer/map.action>] 

The Geography Markup Language (GML), both an OGC and ISO standard format, provides the mechanism to encode the feature data for download to the user’s computer system or web service interface.
Figure 5 shows a satellite image of an area over northern Quebec loaded via a Web Coverage service. The Web Coverage service allows for the clipping of imagery and other types of coverage data such as grids or TINs[footnoteRef:8].  [8:  TIN – Triangular Irregular Network] 

There are many SDIs that have been developed, but most concentrate on discovery through a portal using the CSW standard and on Web Mapping using the WMS standard. Web Feature Services are common but are often limited and are sometimes problematic. Most often when an SDI makes feature data available they simply allow a user to download files, and don’t actually run a service. Web Coverage Service implementations are even less common although when implemented can be very powerful. They allow imagery, gridded or coverage data such as satellite images, elevation models or other “distributed data” that can be treated as a mathematical coverage surface to be clipped, adjusted and displayed. Some standards issues still remain with respect to coverage data, especially with respect to encoding. 

[image: ]
[bookmark: _Ref440364157]Figure 5 – Web Coverage Service[footnoteRef:9] [9: WFS example from GeoConnections < http://www.geobase.ca/geobase/en/find.do?produit=imr>] 

A Web Processing Services (WPS) holds tremendous potential for providing customized data to the user, but most are still experimental or of a demonstration nature. Figure 6 illustrates a simple WPS where a graph is calculated for the data at a point selected by the user.
[image: ]
[bookmark: _Ref440364272]Figure 6 – Web Processing Service[footnoteRef:10] [10: WFS example from ESRI Corporation < http://dtc-sci01.esri.com/OGCApps/OpenLayersApp/samples/EsriOpenLayersWPS.html>] 


In summary the OGC standards are in place and sufficient to implement a full suite of Web Services, although the standards are fluid and are in active development. A Web Service is not something one just builds and lets stand. It needs active maintenance and evolution.
[bookmark: _Toc440408223]Standards and Technology in an MSDI 
A Marine Spatial Data Infrastructure provides the best method of delivering spatial data to marine users. With the exception of ships “on the high seas” far from any land, which at the present have limited or expensive internet connections, all other aspects of the Marine Industry will benefit greatly from access to online eNavigation data and other marine data. Such information can be used to plan voyages, and be used for pilotage and other aspects of navigation or to support other marine applications such as a Marine Cadaster.
The primary service is of course the discovery service. A Mariner needs to be able to find the applicable data. For a particular Hydrographic Office the discovery service does not need to be very sophisticated because there is probably a limited amount of chart and other types of data available and this data can be made available in lists on the Hydrographic Services Website. However, the HO will also need to provide a CSW interface so that internationally others could find their data through a broader discovery service for purposes such as voyage planning. The most important aspect is the metadata. IHO S-100 and ISO 19115 compliant metadata needs to be provided for all data products.
The next level of service would also be the Web Mapping Service, although one would expect that its primary use in eNavigation would be for viewing selected data to verify that it is applicable. One would not expect that navigation or voyage planning to occur on a “picture of a map”. Web Mapping serves images of maps that may be overlaid where the integration of data is done visually by the use. Web Mapping may be of use for ancillary services such as ice or weather conditions.
One would expect that a Web Feature Service would be that primary service used in a Marine Spatial Data Infrastructure. The first level would just be file downloads of ENC charts in S-57 and S-101 format. A Web Feature Service allows one to deliver files in this manner. However, a WFS also allows access at the feature level. This would allow the development of dynamic viewers for special additional information above that available on an ENC. 
An ENC is a certified document and its contents and how it is displayed is controlled by IHO standards. A Web Feature Service cannot be allowed to establish an alternate viewer that is not a certified ECDIS[footnoteRef:11] for navigational purposes. However, there is a wealth of additional information that can aid navigation. A WFS can address this need. Overlays over base chart or other background data can provide information about local conditions. [11:  Electronic Chart Display Information System] 

An extended level of the WFS specification allows for user input. This would allow services such as ICE reporting, where certified users would be allowed to input observations. A similar service could transform the way navigational hazards are reported.
A WFS can also serve as a distribution mechanism for electronic charts and other Hydrographic Office products. Combined with some sales or charging mechanism (where applicable) a Web Service provides the easiest, most direct and lowest cost distribution mechanism.
A Web Coverage Service allows the distribution of images and mathematical surface data such as digital bathymetry, currents or water levels. Coverage data is just another type of feature, but a WCS allows the data to be clipped, scaled and adjusted (georegistered). Coverage data is not common in most SDIs but one would expect it to become very important in a Marine Spatial Data Infrastructure because much of the ancillary data that is an aid to navigation is of a coverage type. Access to up-to-date bathymetry, currents, winds, water levels, and other measured and predicted data is of great value to a mariner. IHO is developing product specifications for all of these types of data, but they need to be defined so that they can be delivered in Web Services.
The Web Processing Service holds a great promise for the future to allow integration of data; however, at the present there are not sufficient other services or data sources to integrate.
Other services will also be of use in a Marine Spatial Data Infrastructure. As part of voyage planning a shipping company agent may, in conjunction with the mariner, use an MSDI to book port facilities, schedule special services such as a chandler (ship supplier) or other services to minimize turn-around time in port. 
[bookmark: _Toc440408224]Services and Data 
A  Spatial Data Infrastructure consists of both data and services. The data is defined by a set of standards (primarily from ISO TC211) and the services are defined by a set of standards (primarily from OGC). There is an interconnection between these two sets of standards in that ISO defines several high level service standards and OGC defines its own abstract specifications and implementation specifications. There exist several joint standards, and ISO TC211 and OGC have worked together closely in the development of the geospatial suite of standards.
A Marine Spatial Data Infrastructure is similar to a generic SDI except that there is another suite of IHO standards that it must comply with. The latest versions of the IHO suite of standards have been built upon the ISO TC211 geographic Information standards so there is full compatibility with the OGC service standards. The only requirement is that, for services delivering feature data, the GML (Geographic Markup Language)[footnoteRef:12] be used as the encoding standard, and that for services delivering coverage data a supported encoding be used, such as GMLJP2[footnoteRef:13]. The newer IHO S-100 based product specifications such as S-101 ENC Product Specification (when completed) and S-102 Bathymetry (using some encoding formats) will meet this criteria. [12:  GML is an OGC standard “OGC 10-129r1 GML 3.3” and an ISO standard “ISO 19136:2007 Geographic information -- Geography Markup Language (GML)”]  [13:   GMLJP2 is an OGC standard encoding for imagery that encapsulates the ISO 15444 JPEG 2000 encoding in GML.] 

The IHO S-100 is called the “Universal Hydrographic Data Model”. It makes reference to all of the necessary ISO TC211 standards needed to define the IHO product specifications. Therefore from a data standards point of view it is the critical standard for the data portion of an MSDI. S-100 allows for different encodings. If an MSDI service is only serving file based data (a simple discovery and retrieval service), then any encoding may be used. If an MSDI is serving feature or coverage data through a WFS or WCS service then the GML encoding must be supported.
If an MSDI service provides access to the older S-57 data it can only be done (in compliance with S-57) in a file format. However a MSDI service run by a hydrographic office could convert the data to a GML format as part of the service. A Web Mapping Service (WMS) could deliver views of “Raster Navigational Charts (RNCs)” IHO S-61; however RNC data are scanned paper charts and are not well suited to being clipped and adjusted as part of a WMS.
The OGC service standards make reference to the ISO versions of the basic geospatial data standards, especially the ISO 19115 metadata standard. Some care is required to ensure that correct versions of standards are used; however as seen in Figure 1 an SDI makes use of registers and IHO S-100 defines the appropriate metadata register and feature concept dictionary register. The metadata is particularly important for driving the discovery service.
The following table illustrates the primary data and service standards needed to support an MSDI. There are many other supporting standards in the ISO and IHO suites of standards that are referenced by these standards that, for simplicity, are not shown in the table.
Table 1 – Applicable Standards
	Data Standards
	

	IHO – S-100
Universal Hydrographic 
Data Model
	References all of the ISO data standards and supporting standards such as metadata, and registers and is a base for the IHO Product Specifications.

	IHO – S-101 ENC
	Using a GML encoding 

	IHO – S-102 
Bathymetry
	Using a supported coverage encoding such s GMLJP2

	IHO – S-57 
Transfer Standard for 
Digital Hydrographic Data
(Older ENC standard)
	Supported only as files, or converted to GML feature data by the MSDI service.

	IHO – S-61
Product Specification for Raster Navigational Charts (RNC)
	Can be supported as files or in a WMS with some limitations on clipping and scaling.

	Service Standards
	

	OGC Catalogue Service for the Web (CSW)
	Discovery Service - supports the ability to publish and search collections of descriptive information (metadata) for data, services, and related information objects. Relies on several supporting service standards and especially metadata.

	OGC Web Map Service
	WMS- provides a simple HTTP interface for requesting geo-registered map images from one or more distributed geospatial databases. Make use of many supporting standards including a Styled Layer Descriptor portrayal standard.

	OGC Web Feature Service
	WFS – provides direct fine-grained access to geographic information at the feature and feature property level. A transactional capability is optionally available to allow user input.  There are many supporting standards in particular OGC OWS Common.

	OGC Web Coverage Service
	WCS – provides a capability to access coverage data and to clip and adjust the data. There are many supporting standards including many coverage encodings including GeoTIFF, netCDF, JPEG2000, GMLJP2.

	OGC Web Processing Service
	WPS – provides the capability to make processing services for geospatial data available. These can include calculations on the data provided by a WFS or WCS. There are many supporting standards and sub services such as a Web Coverage Processing Service.

	OGC Web Map Tile Service
	WMTS – provides pre rendered map tiles improving the performance of a WMS.

	Encoding
 GML, KML, GeoTIFF, netCDF, JPEG2000, GMLJP2
	A number of encodings are defined in OGC that are needed to support data on the services. 
GML – Geographic Markup Language (XML encoded vector data)
KML – Keyhole Markup Language (Annotation on background images (as used by Google and others))
GeoTIFF – simple coverage encoding with minimal metadata
netCDF - (Network Common Data Form) encoding for array oriented scientific coverage data.
JPEG2000 – Lossless JPEG image data with associated XML metadata
GMLJP2 – imbedded GML (for metadata) in JPEG data



[bookmark: _Toc440408225]Security and Digital Rights 
S-57 and S-101 data is navigational data, so there are legal implications attached to the data. A Mariner must be able to assure that the data is correct. In addition, the business model of many Hydrographic Offices includes a charge for data. Any MSDI needs to be able to support some form of Digital Rights Management.
IHO S-63 standard includes a Data Protection Scheme that provides for product authentication. S-63 is intended to operate in ECDIS systems and may be extended to other IHO products; however, such a system may operate differently over a web service. In a file delivery mode the S-63 scheme may operate, but it will need to be altered to operate in a MSDI.
The OGC also provides a Digital Rights mechanism called the Geospatial Digital Rights Management Reference Model (GeoDRM RM). This standard has been a joint development with ISO and is also known as ISO 19153. This mechanism operates on a web service in a compatible manner to other types of data such as music, text, or video services. There may need to be an implementation of GeoDRM to support a MSDI.
The control of the authenticity and copyright of data is not the only issue. Mechanisms need to be established for data access. Passwords and “paywalls” may serve some Hydrographic Office business models, but there are likely to be insufficient in general. 
[bookmark: _Toc440408226]Status 
A number of nations have developed extensive MSDI implementations, but they are currently limited by the standards to the basic Data Discovery, Web Mapping and file distribution services. Many companies have OGC certified implementations of the full suite of Web Services and have demonstrated such services, but the use of these services to support an MSDI has been limited by the fact that the IHO product specification standards are not yet complete. Several excellent demonstration services have been developed. More work is required in the IHO to develop product specifications for different data types and to complete the S-101 transition. Work is ongoing in the OGC refining the many primary Web Service standards (described above) and the many other supporting standards. 
[bookmark: _Toc440408227]National Approaches
The Hydrographic Offices in various nations are organized in very different ways, and this will mean that they will use a MSDI differently. There appear to be four models by which Hydrographic Offices throughout the World are organized.
Military model – Nautical charting is done through the nations Department of Defence. This model is followed by many nations including France, and Australia.
Full cost recovery model – Nautical charting is done by a government owned corporation. This is the model taken by the UK Admiralty, although there is still a partial military component. The UK situation is unique because of history where the UK Admiralty sells a world chart catalogue and has historic arrangements with many nations, to republish charts. Probably no other nation could successfully operate solely on this model.
Government funded with fees model – This is the model that most nations operate on. The government provides funds for most of the costs of a Hydrographic Office but still charges fees for the purchase of charts and other navigational products. The economics of this model are unclear whether the fees cover the additional costs of selling charts as products and of maintaining copyright protection so that charts are not copied without the fee being paid. 
Government funded with open access model – Information is made freely available. The US seems to be the only country that completely follows this model, although others make much of their information freely available. The freedom of information act in the USA makes all government information, except certain classes of secure information, publically available. The US therefore makes all of its charts openly available. There is a fee for actual paper charts, but electronic versions can be downloaded from a Website. There is an actual chargeback mechanism through a “port tax” added to the Maritime Service Fee that ships pay in harbour, but that is not directly linked to the US Coast Survey budget. 
A fee based approach to selling Nautical Charts and other information related to safety of navigation made sense in the past when chart products were paper based. With a paper chart there was a clear item that could be sold. Electronic data is easy to copy and it is difficult (expensive) to establish mechanisms to protect these sales. A MSDI makes it very easy to distribute chart information, potentially at a cost saving and with the potential to significantly increase trade. The MSDI model works best on free data access. Charging mechanisms work counter to the easy accessibility and enhanced use of data in an MSDI. 
In the early internet experiments in the 1980s and 1990s there were different models used to pay for the costs of the service. Early systems in the UK (PRESTEL), France (MINITEL), Germany and Canada charged from 3 to 10 cents per minute. Others, such as Japan and some Europeans built systems that charged several cents per page accessed. Other systems in Canada and the USA used a free access advertising paid approach. The approach finally used in today's internet is for the information to be mostly free (with advertising where appropriate) and a few speciality services behind paywalls. How much would one use the internet if the cost was 10 cents per minute? The internet would likely have remained a speciality service for academics and scientific use.
The introduction of a MSDI will profoundly change the manner by which charting data is distributed and paid for. The economic models will completely change. A MSDI is likely to become part of a service network to support safe navigation paid for as part of the overall costs of navigation. The distribution of other marine information will satisfy many governments efforts at "Open Government". The economic models need to evolve.
The most important issue with respect to handling Nautical Charts and information related to safety of navigation is ensuring authenticity. There needs to be some form of Digital Rights Management designed for an online service that ensures that the data is genuine. Data could be corrupted or deliberately altered. This needs to be easily detectable. Web services makes the task of authentication much more difficult. If one is just delivering files over the web (a Discovery Service plus File Sharing), then one only needs to authenticate complete files. If one is operating a Web Feature or Web Coverage Service where data can be overlaid from different sources or parts of the service, and the area viewed can be clipped from larger data files, then the authentication task can be difficult. 
As MSDI services develop new standards and best practises there may be a need to address authentication of components of the data displayed and to ensure that the user assembles the correct data layers to support safe navigation. This means that there may need to be certified client systems beyond ECDIS systems, designed for special purposes that work with open web services that can be used for general information.

[bookmark: _Toc440408228]Review of MSDI services
The IHO established a Marine Spatial Data Infrastructure Working group in 2007 identify the Hydrographic Community inputs to National Spatial Data Infrastructures (NSDI). It identified that “A successful national hydrographic policy will not only meet the requirements of the mariner but can provide additional and often greater benefits to the State. Such benefits include:
Safe and efficient operation of maritime traffic;
Coastal Zone Management;
Exploration and Exploitation of Marine Resources;
Environmental Protection; and
Maritime Defence [8].”
The MSDI encompasses “marine geographic and business information in its widest sense. This would typically include seabed topography (bathymetry), geology, marine infrastructure (e.g. wrecks, offshore installations, pipelines and cables), administrative and legal boundaries, and areas of conservation, marine habitats and oceanography [8]”. 
IHO publication C-17 [8] identified 13 national or regional Spatial Data Infrastructure initiatives in: Australia, Belgium, Canada, European Union, Finland, France, Germany, New Zealand, Norway, Spain, Sweden, UK, and the USA. It indicated that these countries have already or are likely to develop Marine Spatial Data Infrastructure components to their larger national SDIs. 
The IHO documentation is high level and does not identify the level of development in any of these nations.  
IHO publication C-17 will need to be updated since many more nations have implemented, are in the stages of implementing or have implemented MSDIs. Also some of the nations identified in the 2011 C-17 report may have changed their plans to implement a MSDI (or at least have decided not to respond to the current questionnaire).
[bookmark: _Toc440408229]Open Data
Some studies have been done on the openness of nations to distribute data publically. One initiative by the World Wide Web Foundation, the foundation founded by Sir Tim Berners-Lee one of the founders of the Web, is to study the level of implementation of open government initiatives throughout the world.  
The Open Data Barometer project “aims to uncover the true prevalence and impact of open data initiatives around the world. It analyses global trends, and provides comparative data on countries and regions … to explore multiple dimensions of open data readiness, implementation and impact [23].” 
Figure 1 shows in the form of a map the degree to which open government data initiatives exist. 
[image: ]
Figure 7 – Open Data Barometer
Les Rackham & Andrew Coote of the UK consulting company ConsultingWhere Ltd [4], make the case that data should be free at the point of delivery. They indicate that the “result of making OS [UK Ordance Survey] OpenData free at point of delivery:
· Net £13.0M - £28.5M increase in GDP after 5 years (in 2016)
· Improved productivity in economy and higher levels of output”.
This is of course in conflict with the current UK Full Cost Recovery Model” where the Ordinance Survey and the UK Hydrographic Office charge for their data. The US and New Zealand are making their data open and free.
[bookmark: _Toc440408230]National MSDI Initiatives (Questionnaire Statistics)
The IHO C-17 report identified Australia, Belgium, Canada, European Union, Finland, France, Germany, New Zealand, Norway, Spain, Sweden, UK, and the USA as having SDIs that had relevance to a Marine Spatial Data Infrastructure.  In the current questionnaire 24 nations responded. 5 nations that were listed in the 2011 C-17 report did not respond in the 2015 questionnaire. An examination of websites show that some of these nations are in fact developing MSDI systems; however, if they chose not to respond then they cannot be included in the statistics.
Attachment 1 shows the results of the questionnaire that was distributed. At the beginning of 2015 an initial questionnaire was distributed by Canada. Unfortunately the initial survey suffered from lack of response. The results identified in Attachment 1 represent the results of a questionnaire distributed by the IHO through circular letter 56/2015. 
Sponsorship
All nations that have committed to the development of an MSDI are sponsored by government at some level. Government agencies or government run national committees are responsible for the development of MSDIs.
Mandate and Target Users
The way the mandates are described vary considerably but the mandate identified by all nations are a variation on "improve access to data" and "management of data". Some nations add other purposes such as disaster management. As the USA indicated "There is not a single primary or secondary audience. The breadth of depth of users of spatial data to support coastal and ocean management is too long to list. Basically any group that has management or similar interests in the ocean and coastal zone are potential users of MSDI products. This includes members from all government agencies, private sector, academia, and the non-profit community."
A more interesting response is to the question "Is the MSDI public access or restricted access to a select community?
Of the 17 nations that have indicated an access policy 13 will make at least some of their data publicly available.
Policy
Some nations have very sophisticated MSDI implementations. 11 of the 24 respondents indicated that their MSDIs were at some level of operation even though in some cases there is little or no marine data at this time. Many nations have developed national SDIs that support many types of data and are in the process of adding marine data.

Figure 7 – Operational versus Development Status
The governing policies identified by the various respondents vary considerably from "support for the maritime community" to "management of spatial information" to "pricing and distribution of ENCs". In general there is a general agreement that data should be made available but there is no clear agreement on the overall purpose. 
Copyright
All nations maintain some level of copyright over their data however the terms by which data is provided vary. Many nations make their data freely available and restrict only classified or private data. Some nations only allow access to data by other government agencies. 
The graph identifies two separate things. First it shows the number of respondents that indicate that there is some level of copyright protection versus those that have not identified anything. Secondly the graph indicates the breakdown of those 16 nations that identified copyright protection status whether data is freely available under the copyright or usage restricted.

Figure 7 – Copyright Status

Data Costs
It is difficult to assess the costing of data since different nations seem to identify different types of data as being for free access. Nations will indicate that data is free to access through a given service, but that service only addresses some of the data. Fundamentally, there appears to be a consensus that most data should be freely accessible to the general public; however, most nations indicate that they plan to sell or restrict some types of data. The level of availability varies from full open access to US (non-military) marine data to restricting all data to use by government agencies.
Management 
The management policies also vary significantly from nation to nation. In several countries there appear to be national SDIs that address many types of data and are managed by multi department management boards. 
Main Application of the MSDI
There does not appear to be a common main application identified for the various MSDIs. Some nations indicate that the purpose is to disseminate data to the public, whereas others consider the MSDI as a sales tool for data. Many nations link the MSDI to "Open Government" and others to economic development. 
Support Emergency or Safety Services 
The support for emergency services such as oil spill management was identified by several nations. A clear majority of respondents indicate that they plan to or currently support emergency services.

Figure 7 – Support of Emergency Services
Single source for information 
It is clear that most nation’s intent is to maintain alternatives to their MSDIs for data distribution. Only 2 nations indicated that their MSDI would be the only source for certain information and two nations indicated that it is yet to be formalized.
Technical Oriented Questions: Levels of Service Implemented
The use of technology was determined by examining each of the base technical elements of a Spatial Data Infrastructure. The categories were:
	Operational 
	 An operational service is fully available to its target audience (not necessarily to the public).

	Introductory 
	 An introductory service has limited availability or limited data

	Demonstration 
	 A demonstration service is technically functional, but not intended for operational use.

	Planned 
	 A planned service is in the planning or software development stage

	Not Available 
	 A service that is not available



Since these are technical questions the results are much easier to quantify. 
A supplementary question examined whether the service was standards compliant. 
Data Discovery
The discovery portal is one of the most basic services allowing users to find data. Responses ranged from no data discovery portal, or a future planned portal to a fully functional portal compliant with the OGC/ISO standards for a Catalogue Service for the Web. For those systems that have a relatively small amount of data, such as simple list of available charts, a discovery service does not need to be compliant with the Catalogue Service for the Web standard since a simple list would suffice.
Note: The colouring in the pie chart deliberately goes from grey implying no implementation, through the spectrum from orange (planned), yellow (demonstration), light green (introductory) to green (operational). 

Figure 7 – Discovery Portal Development Status
Only a few respondents indicated that their systems were not OGC CSW and ISO metadata compliant because they did not yet have implementations. That is, there is a strong trend toward standards compliance.
11 of the 18 respondents that had planned, demonstration, introductory systems including all of the operational systems indicated that they also provided website access to download data. 
Web Mapping
The WMS service provides the ability to view data offered through the MSDI. This service is planned or offered by most nations.
Of the 18 respondents that had planned, demonstration, introductory or operational systems all indicated that they were OGC / ISO standards compliant. Again there is a strong trend toward standards compliance. Two respondents also indicated that they provided much of their data using ESRI services.
Only 3 the 18 respondents that had planned, demonstration, introductory or operational systems did not use a conventional web browser. Two of these only supplied data in ESRI ArcGIS.


Figure 7 – Web Mapping Development Status

Access to Feature data
The ability to access feature level data (such as IHO S-57 or future IHO S-10X ENC data) through a web service or through a file service offered through the MSDI. 
Support for the OGC / ISO standards increased for the Web Feature Service from the WMS service. Only one implemented service does not use the OGC / ISO standards.
Uploading of feature data is a specialty service that needs to be controlled. Five nations indicated that data upload was possible to varying degrees, sometimes through a separate interface, to control downloads or limited to administrators. However, two nations indicated that uploading of data from the general public, for example to report nautical hazards would be possible. In the future crowd sourcing of some aspects of hydrographic data may be implemented

 Figure 7 – Feature Data Access Development Status

Access to Coverage Data
The ability to access imagery, gridded or other coverage data through a web service or through a file service (e.g.: IHO S-102 Bathymetry data).
Coverage data is provided by less than half the respondents. Of those providing or planning to provide coverage data only one indicated that they would use other than the ISO / OGC standards. One case is the use of ESRI ArcGIS for coverage data.
No nation provides an extended coverage service for special data types such as TIN, Quad Tree or Mesh.

Figure 7 – Coverage Data Access Development Status

Online Data Processing
The ability to apply geospatial processes to data such as calculations based on the data. (e.g.: Find all of the rivers and stream upstream of a point on a selected river, calculate tidal levels or simply to calculate distance).
Online data processing is a speciality service provided by only 4 nations and planned by 3. One nation uses online processing to provide tidal predictions, and indicates that there are not yet any standards for such a tidal service. One other nation simply used the ESRI ArcGIS data processing tools.

Figure 7 – Online Data Processing Development Status
Data Questions
Which types and volume of data is supported and which audiences addressed?
Data Types
Which data types are supported?
· geolocated textual data (e.g.: a Gazetter) such as a list of place names, or a maritime “List of Lights”, etc.
· auxiliary textual data (e.g.: location keyed information) such as road map directions, maritime “Sailing Directions” etc.
· bit map images (e.g.: georeferenced scanned or generated images of maps) such as road maps or other map elements that may be included in a Web Map Service.
· Imagery (e.g.: georeferenced satellite or other geospatial imagery)
· Pictures (e.g.: image views) scenes as viewed from a location, such as the harbour views in a chart PICREP, or Google Street View.
· feature data (e.g.: access to the geospatial features that make up a map)
· coverage data (e.g.: other types of coverage data than imagery)

Figure 7 – Data Types Supported

Topic
What is the subject matter addressed by the information service?
· topographic data surface relief map 
· imagery satellite imagery 
· transportation and logistics data
· road maps, routes and directions 
· marine eNavigation, supporting marine data such as currents, ice, oceanography, marine biology, fisheries, sovereignty, sonar bathymetry
· military defence, public safety or other high security data 
· other 

Figure 7 – Covered Topic Areas
Standards
Which IHO Standards are supported? 
The responses ranged from no IHO data standards supported to IHO S-57, IHO S-100 and IHO S-44. Most nations indicated support for S-57 but some only indicated that they supported chart images. 
There is a wide variation in the level of standardization of data.
Resources
Most nations did provide some resource information and at least one said explicitly that such information is "Not Provided".
The responses are difficult to summarize. 
The following can be noted:
- The 18 countries that have active MSDI projects stated that their MSDIs either already exist or would start in 2016.
- Most indicated that their MSDI projects would become permanent operational systems.
- The MSDI projects are either funded through the hydrographic office or are funded through a cooperative arrangement between multiple government departments.
- The future plans identified vary per nation; however, there generally seems to be a consensus on working to improve metadata and cataloguing, improve standards compliance, expand existing services and to move to operational status.

[bookmark: _Toc440408231]Examples of MSDI systems
The following information provides some examples of MSDI systems. The countries that are addressed are the countries that responded to the questionnaire AND indicated that they had operational or introductory systems or systems in active development. Some countries indicated future plans to develop a MSDI. These are not included in this section.
The material in this section has been gathered from many different sources. This means that it is only a brief look at what some nations are doing. This material is illustrative only and is not meant to fully describe each system. The primary source is the questionnaire response by the country. If the country provided a URL, then the website or service was examined and some example screens shown as figures.
[bookmark: _Toc440408232]Australia
Marine responsibility in Australia is split between two agencies; the Royal Australian Navy, which is responsible for the Australian Hydrographic Office, and Geosciences Australia which is responsible for many aspects of non-navigational marine information. The RAN reports that it does not maintain a MSDI, however, Geosciences Australia does maintain the Australian Marine Spatial Information System (AMSIS). 
Figure 8 shows the “front page” of the AMSIS system. It is a sub page of the more general Australian Government SDI system. A separate branch of the SDI addresses ocean bathymetry. The data is open to the public for free download. Some restrictions are in place for sensitive data but the remainder of the data is under an open access Creative Commons open copyright. Figure 9 shows the data access page.
The AMIS service is considered in general as introductory although the Web Mapping part is operational. A Web Feature service is planned. The Service is compliant with the OGC and ISO standards as well as providing download of files. It provides geolocated textual data, bit map Images, and some feature oriented data. The AMSIS service covers topographic and marine data. 
The Australian Navy Hydrographic Service system front page is shown in Figure 10. This system provides access to a chart index. Charts can be viewed using a GoogleEarth application, but these are not for navigation. The Australian Navy Hydrographic System site is not a web service.  
[image: ]
[bookmark: _Ref440366434]Figure 8 – Australia MSDI AMSIS[footnoteRef:14] [14:  http://np.ga.gov.au/interactive-maps/index.html#/theme/amsis] 
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[bookmark: _Ref440370541]Figure 9 – Australia MSDI AMSIS Access Page
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[bookmark: _Ref440366455]Figure 10 – Australia Hydrographic Office Front Page[footnoteRef:15] [15:  http://www.hydro.gov.au/prodserv/digital/digital.htm] 


[bookmark: _Toc440408233]Canada
Canada is in a transition period. It does not have a Marine Spatial Data Infrastructure but plans to have one and has all the technical elements in place to progress toward that goal. For 15 years it has had a program called the Canadian Spatial Data Infrastructure. This was a development program across the federal government in cooperation with industry and other layers of government to develop a spatial data infrastructure. This program was largely successful and standards, software and many data assets were developed. “The infrastructure itself consists of data, standards, policies, technologies and partnerships that are in place to allow the sharing and visualization of information on the Internet.[footnoteRef:16]” The CGDI is standards based and complies with the ISO and OGC standards. All levels of the standards are implemented from Data Discovery and Web Mapping through to Web Feature Services, Web Coverage Services and even and introductory Web Processing Service.  [16:  http://www.nrcan.gc.ca/earth-sciences/geomatics/canadas-spatial-data-infrastructure/8906] 

As of February 2016 the CGDI initiative transforms into the Federal Geospatial Platform program.  
The Federal Geospatial Platform project is built upon the CGDI and is funded through the operational budgets of 22 Federal agencies and partners. This is an operational spatial data infrastructure. 
The CGDI did not address hydrography or the marine environment.  Marine Spatial data is planned to be addressed under the FGP program.
The Department of Fisheries and Oceans has also developed a specialized geoportal for information in the St. Lawrence River. This is a focused marine Spatial Infrastructure called the St. Lawrence Global Observatory. It provides access to a number of specialized marine data types including observations and ocean forecasts. This is an advanced system. Figure 11 shows the front page of the St Lawrence Observatory site.[footnoteRef:17] Figure 12 shows an example of one type of data, River currents. Many aspects of the data for a Canadian MSDI have been developed. [17:  St Lawrence Global Observatory. <http://slgo.ca/en/>] 

Because of the state of the standards at the time that the system was envisaged there were deficiencies that prevented using the OGC, ISO and IHO standards. The service is NOT standards compliant [11]. The St Lawrence Global Observatory will need to be restructured to be standards compliant and expanded to address all of Canadian waters as part of a Canadian MSDI.
[image: ]
[bookmark: _Ref440272510]Figure 11 – St. Lawrence Global Observatory
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[bookmark: _Ref440272466]Figure 12 – St Lawrence Observatory Currents
[bookmark: _Toc440408234]Denmark
The Danish MSDI is currently under development and should be fully operational by 2017. It is part of the more general Danish Spatial Data Infrastructure developed in compliance with the European INSPIRE directive. There are 11 governmental agencies participating in the development and at the current time "the MSDI will only be available for the participating agencies". The data will be available from the MSDI website when operational. Some data is currently available. Figure 16 shows the Danish ports from the Danish Geodata-info portal. 
[image: ]
Figure 13 – Danish Geodata-info portal.

[bookmark: _Toc440408235]France
The French hydrographic office SHOM (Service Hydrographique et Océanographique de la Marine) is part of the French ministry of Defence, armaments division. It is separate from, but has close cooperation with the national mapping agency IGN (Institut Géographique National).SHOM produces both military charts as well as public navigational charts. France sells official ENCs through Primar, but also provides much of their other data free through their website. SHOM has developed a MSDI service in compliance with the European INSPIRE directive. This MSDI service was developed through IGN (Institut Géographique National) and BRGM (Geological and Mining Research Bureau). IGN is responsible for developing and administering Geoportal, especially data visualization. BRGM is responsible for a "Géocatalogue", which inventories the various public sources of geographic information. 
This is a comprehensive solution that includes Web Mapping as well as support “for bathymetric and hydrographic data management software, Bathy DataBASE, Hydrographic Production Database, Spatial Fusion Enterprise, and the CherSoft tide database. [footnoteRef:18].” The data complies with IHO and ISO standards and the services with the OGC standards. [18:  http://www.geoconnexion.com/news/caris-marine-sdi-solution-for-france] 

Figure 14 shows the front page of the SHOM web portal. 
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[bookmark: _Ref440379383]Figure 14 –SHOM GeoPortal[footnoteRef:19] [19:  http://data.shom.fr/#donnees] 

Except for ENCs the French data can be freely downloaded through an Application Program Interface (API). Shape files are available. This is shown in Figure 15.
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[bookmark: _Ref440379427]Figure 15 –SHOM Data Download
The data can be access using two different API’s. One of which is directly through SHOM and the other through “geoportail”.  <http://www.geoportail.gouv.fr/accueil”. This is shown in Figure 16.
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[bookmark: _Ref440379477]Figure 16 –French Geoportail
[bookmark: _Toc440408236]Germany
Germany has a well-developed Marine Spatial Data Infrastructure MDI-DE that addresses many aspects of the marine environment, excluding nautical charts. Nautical charts are sold by the German Hydrographic Office BHS and through IC-ENC. The German system is INSPIRE and ISO, OGC compliant. Web Mapping and browsing tools are available. Figure 17 shows the front page of the MDI-DE website. The project is a cooperative effort between the German federal government and 11 state agencies.
[image: ]
[bookmark: _Ref440380056]Figure 17 – German Marine Data Infrastructure MDI-DE[footnoteRef:20] [20:  https://www.mdi-de.org/mdi-portal/ui] 

The German Hydrographic Office BHS is also developing a Marine Spatial Data Infrastructure through a GeoSeaPortal. This provides spatial data from the coastal and sea areas, providing view services, download services and discovery services, compliance with INSPIRE. The bathymetric and other themes information is viewable in the web portal, but ENC data must be purchased. Figure 18 shows access to the GeoSeaPortal. 
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[bookmark: _Ref440380265]Figure 18 – German GeoSeaPortal[footnoteRef:21] [21:  https://www.geoseaportal.de/gdi-bsh-portal/ui] 


[bookmark: _Toc440408237]Greece
The Hellenic Navy Hydrographic Service (HNHS) provides a geo portal that allows access to information about the mission, the activities and the products of HNHS. The service assists in identifying paper charts, Nautical Publications, ENCs and other information for purchase. It also includes online services such as a Web Map Service. The Web Map Service (WMS) utilizes the data of the ENCs published by HNHS to generate images that are forwarded to end users over the Internet. Figure 19 shows the base page of the Greek geoportal. Figure 20 shows a page from the geoindex that indicates which charts are available.
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[bookmark: _Ref440383292]Figure 19 – Hellenic Navy Hydrographic Service Front Page[footnoteRef:22] [22:  http://www.hnhs.gr/index.php/en/] 
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[bookmark: _Ref440383306]Figure 20 – Hellenic Navy Hydrographic Service Geoindex[footnoteRef:23] [23:  http://www.hnhs.gr/geoindex/index.html?x=23.7&y=38&lang=en] 

[bookmark: _Toc440408238]Japan
Japan maintains two separate marine information systems CeisNet[footnoteRef:24] the Coastal Environmental Information Service and a Marine Cadastre[footnoteRef:25] system. Both are run by the Hydographic and Oceanographic Division, Japan Coast Guard.   A translation of the front page of CeisNet is shown in Figure 21. CeisNet offers a Web GIS access to a variety of information that "has been recorded in the 'coastal waters environmental protection information".  [24:  http://www2.kaiho.mlit.go.jp ]  [25:  http://www.kaiyoudaichou.go.jp] 
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[bookmark: _Ref440386718]Figure 21 – Japan CeisNet
An example of the type of information available on CeisNet is shown in Figure 22.
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[bookmark: _Ref440386955]Figure 22 – Example information from Japan CeisNet 
The second system maintained by the Hydographic and Oceanographic Division of the Japan Coast Guard is a marine Cadastre. A translation of the base page is shown in Figure 23. 
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[bookmark: _Ref440387186]Figure 23 – Japan Marine Cadastre 
[bookmark: _Toc440408239]Malaysia
The Malaysian government through the Malaysian Centre for Geospatial Data Infrastructure (MaCGDI) provides a number of web based information services. The Malaysia Geospatial Data Infrastructure (MyGDI) is an initiative by the Malaysian government to develop a geospatial data infrastructure to enhance the awareness about data availability and improve access to geospatial information. None of the existing services address marine data, but an MSDI is planned. Figure 24 shows the Geospatial Initiatives page of the Malaysia Geoportal identifying the types of information available.
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Figure 24 – Malaysia Geoportal
[bookmark: _Toc440408240]Netherlands
The Netherlands maintains an integrated Spatial Data Infrastructure called Geonovum. Its purpose is to provide better access to geo-information in the public sector. There are no costs on the data level, apart from occasional delivery costs. The service is standards compliant and the number of data sets is extensive. The service integrates hydrographic data into the SDI as a seamless land to sea set of layers.  There are 14 layers of data provided by the Ministry of Defence Hydrographic Office. The SOLAS product level falls outside of the scope of the SDI.  Figure 25 shows the base page of the NGR National Georegister. The catalogue section of this service is extensive and is too detailed to be able to show.
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[bookmark: _Ref440392637]Figure 25 – Netherlands NGR Portal
Figure 26 shows the Netherlands Public Map Service data viewer. This example shows several of the hydrographic data layers.
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[bookmark: _Ref440392797]Figure 26 – Netherlands PDOK viewer
[bookmark: _Toc440408241]New Zealand
The New Zealand Hydrographic Authority operates as part of Land Information New Zealand (LINZ). Land Information New Zealand has a fairly extensive Spatial Data Infrastructure called the LINZ Data Service providing access to broad range of land mapping information to "over 40 data sets and some 200 layers[footnoteRef:26]". Data available over the LINZ Data Service is provided "free to browse [and] free to download". This is a standards compliant SDI supporting the ISO and OGC standards. However, the hydrographic information available is limited. Only hydrographic raster chart images are available. These can be viewed in a Web Mapping Service.  Even though this is a fully functioning SDI there is only a  limited amount of marine data". [26:  http://www.linz.govt.nz/data/linz-data-service/getting-started] 

Figure 27 – Shows the browse page of the New Zealand LINZ Data Service with access to chart images.
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[bookmark: _Ref440216157]Figure 27 – New Zealand LINZ Data Service Browse Page 

New Zealand currently uses a Web Page to provide access to a list of ENCs that can be purchased. Figure 28 shows the New Zealand web page interface. 
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[bookmark: _Ref440216407]Figure 28 – New Zealand ENC Web Page 
Other marine information is also available to be downloaded as files. 
[bookmark: _Toc440408242]Portugal
The Portuguese Hydrographic Institute is part of the Portuguese Navy. It maintains a MSDI whose purpose is to: ensuring safe sea navigation, supporting the navy's activities, protecting the environment, and contributing to knowledge of the ocean, including support for the production of technical and scientific data and information product management (physical oceanography, chemistry, safety of navigation, marine geology and hydrography). Some data sets are free to the public and other are at a cost. 
The Portuguese Hydrographic Institute has other operational services (a dedicated MSDI that uses the same DBMS as the IDAMAR) to provide for electronic charts and/or update auxiliary data. The dedicated MSDI is not the only way to obtain the bathymetry data, but is the main system to do it for the national area of interest.
Figure 29 shows the Portuguese SDI front page.
[image: ]
[bookmark: _Ref440394787]Figure 29 – Portuguese SDI front page
The catalogue of nautical charts is shown in Figure 30.
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[bookmark: _Ref440394919]Figure 30 – Portuguese Catalogue of Nautical Charts
[bookmark: _Toc440408243]Saudi Arabia
The General Commission for Survey (GCS) of the Kingdom of Saudi Arabia has developed a MSDI. This system is at the introductory stage, and is standards compliant. The estimated release date is the end of 2016. The system will include:

1. Bathymetric database system; 
2. Hydrographic production database system; 
3. An oceanographic database system. 
The development is funded and intended to be a permanent operational system. The data is based on new surveyed data.
[bookmark: _Toc440408244]Singapore
The government of Singapore has developed an extensive SDI system; however, " Marine spatial data is presently not included and work is in progress to do so, starting with data from Singaporean ENCs. The Singapore SDI is operational and the MSDI will be a part of the overall national SDI." Singapore ENCs will continue to be sold separately. Some of the services are standards compliant, but most of the services are published using ESRI map services. Data is published through ArcGIS and viewed through ArcMap and the GIS portal. The data is IHO and ISO standards compliant.
Access is for registered users. The service launched in 2011 and has several thousand registered users. Data is distributed through four channels 
	Initiative
	Type of Data
	Users

	GeoSpace
	Geospatial data
	Government agencies only

	SG-Data
	Textual data
	Government agencies only

	OneMap
	Geospatial data
	General public

	Data.gov.sg
	Textual data
	General public



Figure 31 shows the Singapore Onemap interface.
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[bookmark: _Ref440401299]Figure 31 – Singapore Onemap interface
[bookmark: _Toc440408245]UK
The United Kingdom Hydrographic Office (UK Admiralty) has been a leader in the management of hydrographic data. It has participated in the development of the IHO and ISO standards from the beginning. 
The UK does not have an overarching national MSDI.  However, there are a number of websites which have been established by government or quasi-government bodies which provide access to various marine datasets.  For example, the Marine Management Organisation have established a portal for marine planning data here: https://planningportal.marinemanagement.org.uk/ . The UK Hydrographic Office hosts the Bathymetry DAC.  Our datasets are discoverable on the MEDIN portal and also via the UK national government data portal at data.gov.uk, which is also the national INSPIRE portal, with automatic links into the European level for INSPIRE.
The UK HO is the lead participant in MEDIN the “Marine Environmental Data & Information Network” This portal provides a metadata driven discovery portal and a Web Mapping viewer. ENC data is sold by the UK HO. The data in MEDIN is seabed geology, Marine meterology, Water column Oceanography, Bathymetry, Marine flora, fauna, and habitats, Marine historic environment and Marine fisheries. 
Internally the UK HO has used the full suite of OGC web services CSW, WMS, and WFS, including several data processing services WPS and they are planning the add Web Coverage Services for bathymetry and other coverage data types.
Figure 32 shows the front page of the UK MEDIN site. Figure 33 shows the Web Mapping interface. 
Figure 34 shows the level of coverage. There currently are 9,200 data sets.
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[bookmark: _Ref440402003]Figure 32 – UK MEDIN Front Page
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[bookmark: _Ref440403296]Figure 33 – UK MEDIN Browser 
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[bookmark: _Ref440403326]Figure 34 – Coverage of Data Sets [2] 

[bookmark: _Toc440408246]USA
The United States has a very open policy on data access. All data not related to security, personal privacy or commercial interests is publically available. This access model means that there is a lot of data available from the US government. The Front Page for US government data is <data.gov>. This portal allows access to 124,653 data sets[footnoteRef:27]. In some respects this data portal is too high level because there is just too much to search. Searching on ENC one finds several sets of data including ENCs and Raster Nautical Charts, print on demand charts, bathymetric charts and 61 other sets. There is a wealth of data available from the US.  [27:  US <data.gov>] 

There is not a single data discovery portal for U.S. geospatial data and services. Many Federal and other government agencies provide access to local data holdings. There are a couple of government-wide sites listed below: geoplatform.gov - official geospatial resource of the Federal Geographic Data Committee (FGDC); http://www.geoplatform.gov/a16wateroceanscoasts-home - Water – Oceans and Coasts FGDC Theme.  Data, tools, and resources to conduct research, develop web and mobile applications, design data visualizations, and more; MarineCadastre.gov - A joint initiative providing authoritative data to meet the needs of the offshore energy and marine planning communities.;  https://www.ncei.noaa.gov -  NOAA's National Centers for Environmental Information (NCEI) are responsible for hosting and providing public access to one of the most significant archives for environmental data on Earth with over 20 petabytes of comprehensive atmospheric, coastal, oceanic, and geophysical data
A primary access point to the US marine data is at < www.coast.noaa.gov>. This provides access to several applications including the Digital Coast, Coastal Zone Management, Coral Reef Conservation, and National Estuarine Research Reserves. The Front Page of this portal is shown in Figure 35. When one accesses the Digital Coast section several categories are available: Coastal Lidar, Coastal Change Analysis, National Ocean Watch, Nautical charts and Emergency Response Imagery. Within Nautical Charts there is again a wealth of categories of data sets including access to the official ENC Nautical Charts, Raster Nautical Charts, Bathymetry and Maritime Zones and Boundaries. This is shown in Figure 36.
.
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[bookmark: _Ref440403867]Figure 35 – NOAA Coast Survey Portal 
[image: ]
[bookmark: _Ref440403880]Figure 36 – NOAA Nautical Charts 
NOAA indicated that:
 ”Within the United States there is not a formal MSDI as the activities that typically comprise a comprehensive MSDI program are distributed among various initiatives, committees, and working groups. 
“Under the auspices of the US Federal Geographic Data Committee there is a Marine and Coastal Spatial Data Subcommittee that focuses its attention on many of the key datasets typically found in an MSDI.  … Other MSDI datasets are managed out of other … data themes.
“Within the National Geospatial-Intelligence Agency (NGA) and with other partners, work is proceeding on The Map of the World (MoW) (implementation timeframe: 2013-2016). MoW is a series of web-enabled thematic maps that provide a single, seamless, integrated geospatial environment for users across the National System for Geospatial-Intelligence (NSG) and Allied System for Geospatial-Intelligence (ASG) (Australia, Canada, New Zealand, United  Kingdom, and United States) allowing them to identify, retrieve, display, manipulate, and record observations about content.  The Geospatial Intelligence Standards Working Group (GWG) led and chaired by the NGA National Center for Geospatial Intelligence Standards (NCGIS) is working on the U.S. National System for Geospatial-Intelligence (NSG) Standards Registry https://nsgreg.nga.mil/.
The US NOAA site is compliant with the full range of ISO and OGC standards. Web services include Metadata based Data Discovery per OGC CSW, WMS, WFS, WCS. Data is encoded using GML, and NetCDF for scientific data. 
The US NOAA considers its data access service (MSDI service) as currently operational and intends it to be a permanent capability. 
Although the US provides more access to data than any other nation, it simply provides data and not services. eNavigation services need to be built upon the government data by commercial entities.
[bookmark: _Toc440408247]Other Marine Data sources
Some marine data is available from collections of nations, or from other sources. The following identifies the activities of the European Union, the two RENCs and the International Harbour Masters Association. 
[bookmark: _Toc440408248]European Union
The European Union is developing an Infrastructure for Spatial Information in the European Community[footnoteRef:28]. The European Union issued a directive in 2007 that mandates the development of a Spatial Data Infrastructure.  Hydrography is one of the identified themes in Annex 1 of the INSPIRE directive and Oceanography is in Annex 3.   [28:  http://inspire.ec.europa.eu/index.cfm/pageid/48] 

INSPIRE has developed a number of product specifications to address each of the themes based on the themes. Version 3.1 of the Hydrography theme data specification was published in April 2014. 
The INSPIRE directive applies to the following member states and associated countries: Austria,  Belgium,  Bulgaria,  Cyprus,  Czech Republic,  Denmark,  Estonia,  Finland,  Former Yugoslav Republic of Macedonia,  France,  Germany,  Greece,  Hungary,  Ireland,  Italy,  Latvia,  Lithuania, Luxembourg,  Malta,  Netherlands,  Poland,  Portugal,  Romania,  Slovakia,  Slovenia,  Spain,  Sweden,  United Kingdom,  Croatia,  Turkey,  Iceland,  Liechtenstein,  Norway,  Switzerland. 
Each nation is responsible for developing their own SDI, (including MSDI) in compliance with the standards and INSPIRE product specifications. At this point all countries need to have implemented a metadata based discovery service at the minimum. There is no direct INSPIRE service, rather SDI services are available in each country.

[bookmark: _Toc440408249]IC-ICE
IC-ICE is an electronic chart distribution agency. It acts as a sales agency for electronic nautical charts (ENC) from 33 nations. Current membership of the International Centre for ENCs is: Argentina, Australia, Bahrain, Belgium, Brazil, Chile, Colombia, Cuba, Denmark, Ecuador, Egypt, Germany, Greece, Iceland, Italy, Mexico, Mozambique, New Zealand, Pakistan, Peru, Philippines, Portugal, Romania, Russian Federation, Slovenia, South Africa, Spain, Suriname, The Netherlands, Turkey, United Kingdom, Uruguay, Venezuela. The International Centre for ENCs (IC-ENC) is a not for profit organisation which assists in the testing and distribution of ENCs. IC-ENC is a Regional ENC Coordinating Centre (RENC), established to support the achievement of the IHO Worldwide Electronic Navigational Chart Database (WEND) principles. IC-ENC sells charts through a number of value added resellers. These are UKHO < http://www.admiralty.co.uk/>, Chart Co < http://www.chartco.com/>, ChartWorld < http://www.chartworld.com/>, Datema Nautical Safety < http://www.chartworld.com/>, Jeppesen Marine < http://ww1.jeppesen.com/marine/commercial/enc/index.jsp>, Maris < http://maris.no/>, Navtor < http://www.navtor.com/>, Primar < https://www.primar.org/>
Although national members of the IC-ENC are establishing their own MSDIs, there does not appear to be any plans for one from the IC-ENC. IC-ENC is a sales organization and its business model does not seem to lend itself to the open accessibility of a MSDI.
[bookmark: _Toc440408250]Primar
Primar is an electronic chart distribution agency operated by the Norwegian Hydrographic Service. Primar is a Regional ENC Coordinating Centre (RENC). Its partners are : Brazil, Croatia,  Estonia, Finland, France, Georgia, Greece, Iran, Latvia, Lithuania, Montenegro, Mozambique, Norway,  Poland,  Russia,  Sweden,  Ukraine. This list partially overlaps IC-ENC. Primar directly sells charts. Since it has a sales model its access is only to paid customers. It distributes CDs, through e-mail and through an online closed web service. It does not support a MSDI.
[bookmark: _Toc440408251]International Harbour Masters Association 
International Harbour Masters Association is proposing a Nautical Port Information Site[footnoteRef:29] to provide information about the ports and berths. This includes a port Information Guide and a berth and fairway guide. This is also a component of a MSDI. Figure 37 shows the front Page of the International Harbour Master’s portal.  [29:  http://www.harbourmaster.org/nautical-port-info.php] 

[image: ]
[bookmark: _Ref440405428]Figure 37 – International Harbour Master Front Page[footnoteRef:30]  [30:  http://www.harbourmaster.nl/abouttheproject.html] 


[bookmark: _Toc440408252]Suppliers
The webs service software that underlies a Spatial Data Infrastructure has been standardized by the OGC. This software is widely implemented. The OGC lists 147 companies that provide WMS software compliant to the latest version of the specification[footnoteRef:31]. Most GIS systems are also capable of producing data that complies with the OGC and ISO standards. OGC also maintains a conformance testing program that ensures that companies that obtain an OGC certification mark have completed the tests and that their software does what it is intended to do. Standards compliance and availability of implementations for the OGC standards is not a problem. [31:  OGC - http://www.opengeospatial.org/resource/products/byspec/?specid=50] 

Conformance to the data standards is more difficult. The ISO standards are high level and are used to write Product Specifications. Therefore there is no direct compliance test for the ISO standards. Each standard includes an Abstract Test Suite but it is up to the developer of the Product Specification to self-test. The Product Specifications, in the end, need to be written by the National Hydrographic Offices (and associated government partners) responsible for their national SDI. Government producers need to ensure that they are producing compliant data. Compliance at this level is not a major problem, but the definition and compliance with Product Specifications is the responsibility of the producer.
For the marine world there is a third set of standards that need to be complied with. These are the IHO standards and particularly S-100. There are very few commercial systems that produce systems in compliance with the IHO standards. This is because the marine market is a subset of the general Geographic Information System market. Compliance with S-57 and S-101 is difficult and requires a rigorous level of type approval. This type approval applies to navigational equipment. A MSDI system only needs to serve compliant data. It can be assumed that the National Hydrographic Offices are producing the compliant navigational data such as S-57 and S-101 ENC data using tested and verified means. As other official data products become accepted, such as S-102 bathymetry, these will also need compliance testing.
[bookmark: _Toc440408253]Summary
A Marine Spatial Data Infrastructure (MSDI) has the potential to provide significant economic gains to the nations that implement such a service. These gains have been quantified in certain applications, such as in an Under Keel Clearance system that integrates bathymetry, water level and nautical chart information provided through an MSDI to provide mariners with a better knowledge of the available water for navigation. This has a proven benefit[footnoteRef:32]. Economists have indicated a 4.4 multiplier effect for any investment in marine infrastructure such as the MSDI. Development of a MSDI is a sound financial decision for most nations. [32:  Canada Steam Ship Lines has indicated a 15% increase in load carrying capability with an increase in safety using an Under Keel Clearance system.] 

All of the technology needed to establish a MSDI is currently available from many companies.
Most of the data needed to be served through a MSDI also already exists. As the standards develop some additional input is required to maintain standards compliance and to support new data product standards that are emerging. 
What is required for a MSDI is the development of governance policies and the investment to establish a system in many countries.
Recommendations/Next Steps
As a result of this study following recommendations/next steps can be made:
There is cohesion and agreement amongst member states to use common standards:
· These standards are to cover mostly catalogue service for web
· Web mapping service should be the baseline every MSDI should provide.
· Metadata to support data discovery

MSDI must be made into a cascading Discovery Portal:
· (IHO) International Discovery Portal needs to be created and maintained
· (States) Develop, maintain a Federated Discovery Portal that can be used by the International Discovery Portal.

Establish the common international theme structure that will drive and encapsulate the
diverse datasets into a discoverable structure:
· Navigation Category: Charts, Navigational routes, Sea lanes…
· Administration Category: Maritime Limits and Boundaries, Fisheries Management, Marine Cadaster…
· Science Category: Bathymetry, Currents, Water temperature …

HO is to develop product specification for the themes which do not have one.
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