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Abstract 
 
This paper reviews the emergence of the spatial dimension of marine and coastal zone 

administration, and examines several initiatives around the world that contribute to 

this idea. Spatial data has been recognised as an important resource to improve 

decision-making and resource management in both the land and marine environments 

in terms of sustainable development. Many countries are developing Spatial Data 

Infrastructures (SDIs) to improve access and sharing of spatial data, however most of 

these initiatives stop at the coastline. Recently global and regional activities such as 

the 3rd United Nations Convention on the Law of the Sea (UNCLOS) and the 

Sustainable Development Strategy for the Seas of East Asia (SDS-SEA) have brought 

to international attention the importance of effective administration of the marine and 

coastal environments.  
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Introduction 

 

The concepts of marine SDI, marine cadastre and marine spatial planning have all 

emerged recently in response to a global realisation of the need to improve 

management and administration of the marine environment. The underlying theme of 

these initiatives is the importance of including a spatial dimension in marine 

administration. This paper introduces and discusses the marine SDI concept, giving 

practical examples of this concept and related development from countries including 
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USA, Canada, and Australia as well as global and regional examples. It also examines 

the issues involved in marine SDI development and the possible future direction of 

marine SDI. The effort is now directed towards finding a common approach from 

these initiatives and defining common terminology to improve management/ 

administration not only at a national level, but also regionally and globally.  

 

Until recently management and administration tools were focussed mainly on the 

terrestrial environment. Within this environment it has been established that spatial 

information aids in decision making for land management and administration [1]. 

Frameworks such as spatial data infrastructures (SDIs) have been developed that 

allow access and sharing of spatial data. Many countries are implementing these 

frameworks at national, state and local levels, however most of these initiatives stop 

at the coastline. The need for access to spatial data for improved decision-making and 

management does not stop at the coastline. 

 

Humankind is extremely reliant on the oceans, as a source of food and raw materials, 

as a climate regulator, for transportation, for disposal of waste products, and for 

recreation. According to the UN Atlas of the Oceans1 approximately 44% of the 

worlds population live within 150km of the coast and this is likely to increase. The 

marine environment provides immense opportunity in terms of economic potential, 

with activities such as shipping, oil and gas mining, fishing and aquaculture. The 3rd 

United Nations Convention on the Law of the Sea (UNCLOS) increases this potential 

with the ability of a coastal state to extend its maritime jurisdiction to the edge of the 

continental shelf. With this increased area however, comes increased responsibility 

for environmental protection. Therefore there has been increased global interest in 

managing the world’s coasts and oceans in terms of sustainable development. 

 

Marine and Coastal Administration 

 
The first ocean management/ administration document ‘Mare Liberum’ proclaimed 

international freedom of the seas. This recognised the oceans as a common resource 

available for exploitation by all, except for the area that could be protected from the 

coastline. With the industrial revolution and World Wars I and II, technology for 
                                                 
1 www.oceansatlas.org  
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exploring and mapping the oceans and sea floor improved, leading to a greater 

recognition of the economic potential provided by the marine environment. In 1945 

the USA claimed resources in the continental shelf adjacent to the coastline, causing 

other countries to lodge similar claims and causing disagreement over the nature and 

extent of boundaries that a country was allowed [2]. There was recognition that an 

international agreement or policy was needed that documented the marine jurisdiction 

of a country.  

 

UNCLOS III highlights the need for better management of the Worlds oceans 

environmentally and socially, as well as economically. It also specified marine 

jurisdictional boundaries, and their associated rights, for a coastal state. Since 

UNCLOS III there has been activity worldwide on marine management focussing on 

sustainable development (WSSD 2002, SDS-SEA 2003), boundary definition (at the 

University of New Brunswick marine cadastre meeting in Canada 2003) and 

Integrated Coastal Management (ICM) (CZAP 2004). There has also been 

improvement in information and communication technology, which is globally 

driving the exchange and sharing of data and information. It is just recently that these 

ideas are beginning to come together (Permanent Committee on GIS Infrastructure for 

Asia and the Pacific Working Group 3 (PCGIAP WG 3) workshop on Administering 

the Marine Environment – The Spatial Dimension, Malaysia 2004) as countries begin 

to think about marine administration and spatial data management. Figure 1 shows 

this evolving human attitude towards the marine environment. 
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Figure 1: The development of marine administration 

 

Despite the number of initiatives, marine and coastal areas are still poorly managed. 

Current marine and coastal administration has been described as ‘neither effective, 

nor sustainable [3]. There are many different organisations, activities, legislative 

frameworks, international agreements and conventions, stakeholders and industries 

that are involved in marine management and administration of marine resources. 

Figure 2 gives an example of these different activities, and the some of the supporting 

framework such as marine policies, legislation, and planning.  

 
Figure 2: Marine Administration 

 

One part of managing and administrating these activities is having access to relevant spatial 

data and information concerning the area. Within many of the initiatives shown in figure 1 the 
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need for improved access to spatial information is recognised. For example from ICZM 

Doody [4] states: 

Data + Context = Information 

Information + Analysis = Understanding 

Understanding + Management = Possibility of sustainable action. 

 

Figure 2 showed some of the activities that are involved in marine and coastal zone 

administration. Each of these will require spatial data and information such as tide charts, 

bathymetry, climate, sea surface temperatures and currents, living and non-living 

resources, other property rights in the area, legislation, protected areas, international 

and national conventions. Having access to this spatial information is regarded as essential 

or important to the majority of stakeholders in the marine and coastal environments [5], 

however these people often report problems with accessing, sharing and using spatial data 

related to these areas.  

 

The difficulty in accessing and using spatial data in the marine environment has been 

well documented. It was recognised by the CSIRO [6] in a proposed marine data 

policy, which states ‘present users of ocean data are faced with a confusing array of 

datasets and data formats’. In a questionnaire conducted by the marine cadastre group 

at the University of Melbourne in 2003 the main problems that were highlighted in the 

responses were to do with accessibility, availability and applicability of marine spatial 

data [5]. This questionnaire was followed with industry consultation of stakeholders 

involved in many aspects of marine management in 2004. Again many responses 

included the need for improved sharing and standardisation of spatial data and 

metadata across organisations and levels of government [7]. At several presentations 

at CZAP 2004 (see [8], [9]) the importance of spatial information in ICM and coastal 

planning and development was noted along with the difficulty of coordinating, 

managing and sharing data at all levels. CSIRO [6] also noted that ‘this has resulted in 

additional costs to the nation through duplication of effort, poor decisions and lost 

opportunities.’ There is clearly an opportunity for improving management of the 

marine and coastal environment through better access and sharing of spatial 

information (see figure 3).  
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Figure 3: SDI in marine administration 

 
 
Figure 3 describes the potential of an SDI to support access and sharing of marine 

spatial data. A marine SDI would sit between the administration/ management 

activities and the data, allowing any user access to appropriate data to support their 

needs, and allowing data to be collected once and used many times. This idea was 

supported at the UN-PCGIAP workshop on Administering the Marine Environment 

[10] that recommended that a coastal state in the Asia-Pacific region with an 

extensive marine jurisdiction should include a marine dimension in its National SDI 

initiative as part of its responsibilities under UNCLOS.   

 

Spatial Data Infrastructure – An Enabling Platform 

 
It is increasingly being recognised that spatial information is one of the most critical 

elements underpinning decision making for many disciplines. Spatial information 

provides a spatial/ geographic context to planning, management, and resource 

allocation allowing a better understanding of, and thus better management of an area. 

In response many countries around the world are developing SDI as a way to better 

manage and share their spatial data assets [11]. 

 

 An SDI is a framework or system that facilitates the exchange and sharing of spatial 

data between people. It can be described as the underlying infrastructure, often in the 
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form of policies, standards and access networks that allows data to be shared between 

and within organisations, states or countries. It has been likened to road or rail 

infrastructure, which supports transport over land, and comprises roads as well as the 

rules, maintenance policies, and jurisdictional rights to them. SDI is comprised of 

policies, standards and procedures under which organisations and technologies 

interact to foster more efficient use, management and production of geospatial data’ 

[12]. Some of the benefits of developing SDI are: improved access to data, reduced 

duplication of effort in collecting and maintaining data, better availability of data and 

interoperability between datasets. Figure 4 shows the components of SDI that link 

people to data: the standards, policies and access networks.  

 
Figure 4: Components of SDI [13] 

 

The SDI components will be discussed in detail later within the context of the marine 

environment. It is important to note that the concept is dynamic, in that it provides an 

ability to be updated with changing technology or human attitudes, or with the need 

for including new environments. There has been research worldwide into the SDI 

components and the methods for linking people to data, but these have mainly 

described the application of these components in the terrestrial environment. The next 

section discusses initiatives in the spatial dimension of marine administration from 

around the World, and the relationship between these and SDI.  

 

Marine SDI  

 

While the concept of marine SDI is relatively new, the idea of supporting marine and 

coastal management through better access to spatial data or information is more 

established. Several countries and different jurisdictions are trying to improve their 
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marine management through improving the accessibility and availability of spatial 

data. Often while these initiatives are not labelled ‘SDI’ they share some of the 

objectives and concepts of SDI. The table below outlines the objectives and the 

practical examples, using the SDI components from Figure 4, for some of these 

initiatives. It also gives an overview of the aim of the Marine SDI initiative within in 

each jurisdiction. Borrero in the SDI cookbook [14] states that when developing SDI 

the following areas need to be considered: definition, objectives, principles, rules and 

responsibilities, coordination, policies and guidelines. These are similar to the SDI 

components from and so the table below uses the SDI components to examine the 

methods used by each country to achieve their objectives. 

Comparison between different initiatives shows that each has different aims and ideas, 

responding to different cultures, levels of development and user needs. At the global 

and regional levels this difference needs to be considered, resulting in more general 

aims and initiatives.  

Country Marine Administration  
Canada MGDI:                 (marine geospatial data infrastructure) ‘a spatial and temporal data 

infrastructure comprising a system of data and enabling 
technologies that are critical to sustainable development, 
management and control of national marine, coastal and 
freshwater areas’ [15] 

Marine cadastre: ‘an information system that not only records the interests but also 
facilitates the visualisation of the associated rights, restrictions 
and responsibilities in the marine environment’ [16] 

People:                  Government – Geospatial Projects Integration Office (GPIO)           
                                  - Department of Fisheries and Oceans (DFO) 

             completed 8 workshops on user needs for spatial data in the             
marine environment 

                              Academia - University of New Brunswick, research into a marine 
cadastre for Canada 

Access:                  included marine portal in GeoConnections 
Data:                     cadastre, shoreline, bathymetry, navigation 

USA Coastal SDI:        ‘assist coastal managers in a variety of data-related tasks, 
including: data acquisition, processing, storage, distribution, ease 
of use, and inclusion in decision-making’ 

Cadastre:             marine cadastral information system - OPIS case study [17] 
People:                 NOAA, NOAA coastal services centre, FGDC 
Access:                 OPIS on-line GIS, vision to include coastal data in NSDI 
Data:                     boundaries, shoreline, bathymetry  
Policy:                   NOAA CSC developed plan for coastal NSDI that lists the goals, 

objectives and strategies for implementing a coastal NSDI 
Standards:            ‘adherence to NSDI standards regarding collection, processing 

and distribution of spatial data’, no specific marine SDI standards 
Australia Marine SDI:         ‘an Internet-based, customer focussed view into data and 

information of interest to users of the marine environment [18]’ 
Marine Cadastre: ‘describe, visualise and realise rights, restrictions and 

responsibilities in the marine environment [19],  
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People:                  National Oceans Office, workshop to assess user needs, and 
which organisations could play a role as providers 

                             - Melbourne University marine cadastre project 
                             - Australian Oceanographic Data Commission, Geoscience 

Australia, ANZLIC, CSIRO,   
Access:                  several web portals – Australian hydrographic service, oceans 

portal, on-line atlas for each state, CSIRO merlin data portal, 
ERIN 

Data:                     bathymetry, cadastre, wave and tide data, seagrass 
Policy:                  Australia’s marine science and technology plan 
Standards:           marineXML, have developed national standards for terrestrial data 

ICSM 
Ireland SDI:                       includes marine spatial data in definition for NSDI, but ISDI is 

still at ‘vision’ stage 
Access:                  Marine Irish Digital Atlas (MIDA) ‘improve access to coastal 

data by offering a web GIS-based portal’ [20] 
New 
Zealand 

Marine Cadastre: ‘A marine cadastre is a system to enable the boundaries of 
maritime rights and interest to be recorded, spatially 
managed and physically defined in relationship to the 
boundaries of other neighbouring or underlying rights and 
interests’ [21] 

Policy:                  Nineteen principles for development of ‘seabed cadastre’ covering 
scope, design, boundaries, geodetic datums, and regulation [22]  

United 
Kingdom 

Marine Spatial Planning: ‘a strategic plan for regulating, managing, and protecting 
the marine environment that addresses the multiple, cumulative 
and potentially conflicting uses of the sea’ [23] 

Global level 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GSDI:                   GSDI is a global and open process for coordinating the 
organisation, management and use of geospatial data and related 
activities. It encompasses the policies, organisational remits, data, 
technologies, standards, delivery mechanisms, and financial and 
human resources necessary to ensure that those working at the 
global and regional scale are not impeded in meeting their 
objectives [24] 

People:                  Intergovernmental Oceanographic Commission Committee on 
International Oceanographic Data and Information Exchange 
IOC/ IODE 

Access:                  IOC/IODE Oceans portal – data discovery catalogue 
                               IODE ‘facilitate the exchange of oceanographic data and 

information’ 
                               Provides a link to all member states marine data directories or 

portals  
                              See: http://ioc.unesco.org /iode  
                              Ocean Biogeographic Information Service (OBIS) – global geo-

referenced information on marine species 
Standards:           IOC marineXML consortium,  
Data:                    Global Ocean Observing System (GOOS), started with physical 

data ie/ ocean temperatures, currents, tides, later biological and 
chemical data  

Asia-Pacific 
Region 
 
 
 
 

APSDI:                 (Asia-Pacific SDI) ‘a network of databases, located throughout 
the region, that together provide the fundamental data needed to 
achieve the region’s economic, social, human resources 
development and environmental objectives’ [25] 

Marine Cadastre: ‘a management tool, which spatially describes, visualises and 
realises formally and informally defined rights, restrictions and 
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responsibilities in the marine environment as a data layer in a 
marine SDI, allowing them to be more effectively identified, 
administered and accessed’ [10] 

Data:                     includes the shoreline/ coastline 
Europe INSPIRE:             (Infrastructure for Spatial Information in Europe) aims at making 

available relevant, harmonised and quality geographic 
information for the purpose of formulation, implementation, 
monitoring and evaluation of Community policy-making [26] 

Data:                     includes bathymetry, coastline, oceanographic spatial features, sea 
regions, fishery resources, aquaculture facilities 

Table 1: Practical Examples of Marine Administration around the world 

 

Table 1 shows that some countries are beginning to consider marine administration 

and are using spatial data management to improve decision-making and management 

in their offshore environments. Each country is approaching this idea with its own 

perspective and has developed slightly different methods to improve their marine 

management using spatial data management tools. Global, regional and national 

effort to improve access and sharing of marine spatial data is occurring, there is now 

need for cooperation and collaboration between these efforts. This next section 

discusses some of these initiatives in more detail (also see [27], [28], [29] for other 

examples)  

 

1) Australia - ARC Marine Cadastre Project 

 

In response to the issues described above a two year research project commenced in 

mid-2002 and was completed in July 2004. This project aimed to define the concept 

of a marine cadastre. It was funded by the Australian Research Council (ARC) and 

was supported by The Department of Natural Resources and Mines, Land Victoria 

and Geoscience Australia. There were two research aspects to the project, one focused 

on the similarities and differences between the existing land cadastre and a future 

marine cadastre. The second looked at issues of 3D and 4D parcel definition, the 

application of uncertainty in maritime boundary delimitation and coastline definition, 

and the integration of uncertainty within a multi-dimensional cadastral object model.  

 

Following the success of the first ARC Marine Cadastre project a new ARC grant was 

awarded in July 2004 to run until July 2006 for a second project on ‘Addressing key 

scientific and policy issues for an Australian marine cadastre, and includes industry 
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partners: Department of Land Administration Western Australia (WA), Department of 

Lands New South Wales (NSW) and Land Information New Zealand. There are four 

research areas within this project:  

1. Resolving issues in the definition of the tidal interface 

2. The use of natural rather than artificial boundaries in a marine cadastre 

3. Extension and application of the ASDI to include a marine dimension 

4. Marine policy, legal and security issues  

More information can be found at www.geom.unimelb.edu.au/maritime/index.htm  

 

A marine cadastre has been recognised, in Australia as well as internationally, as a 

fundamental offshore dataset. In Australia it will essentially provide an ability to 

define, manage and administrate boundaries and their associated rights, restrictions 

and responsibilities in the marine environment, as an important layer in a marine SDI. 

This is well understood by all participants in the ARC project. The overall aim of this 

project is the policy and technical basis upon which a marine cadastre can be built. 

Each research area aims to provide one aspect, the boundaries, the coordination of 

spatial data or the legal, policy and security implications. It is believed that these areas 

represent current major impediments to an Australian marine cadastre. The end result 

of the project will be to facilitate the development of a marine SDI and a marine 

cadastre in Australia.  

 

2) The Global Oceans Observing System 
 
Chapter 40 of Agenda 21: from the United Nations Conference on Environment and 

Development, recommended improved methods of data collection, analysis, 

dissemination, use and sharing, to promote a better understanding of our Earth and its 

environmental processes [30]. In response the United Nations has proposed three 

separate Global Observing systems, the Global Terrestrial Observing System (GTOS), 

the Global Oceans Observing System (GOOS) and the Global Climate Observing 

System (GCOS). These observing systems are being implemented to improve 

availability of general scientific data, through better networking of existing data 

collection systems. For example the GOOS aims to establish a global reporting and 

assessment of the state of the marine environment. It is building on existing ocean 

observations systems, for example the Voluntary Observing Ship (VOS) program that 
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takes meteorological observations, and tide data from the global sea level observing 

system. The primary output of GOOS is global or basin scale datasets at real or near 

real time [31], and it is currently focussed on physical data such as sea surface 

temperatures, currents and salinity observations.  

 

The main challenge that GOOS faces is in data coordination and harmonisation of 

observations to improve interoperability between all possible users [32]. It aims to 

comply with existing national and international standards, and information systems 

using open technologies and standards. Looking at GOOS through the SDI 

components, it can be seen that while the data component of GOOS is well developed 

and researched, the backend infrastructure, particularly the standards and policies still 

needs some work. With issues such as spatial data coordination highlighted at 

presentations from CZAP [32], the need for common standards, policies and 

technology is evident. GOOS is described as a ‘shared observation network’ [33], and 

as such has similar aims to a global SDI – sharing spatial data on a global scale. The 

joint committee of management is promoting communication and networking 

between separate GOOS projects – Indian Ocean GOOS, Coastal GOOS etc. This 

involves integrating existing systems and promoting the use of similar standards and 

technology to allow interoperability on a regional and global scale. The aim is for one 

system that contains fundamental datasets – bathymetry, sea surface currents, wave 

height etc – covering the oceans.  

 

3) Irish Sea Project – Marine Spatial Planning 

 
A pilot project in the Irish Sea involving England, Ireland, Northern Ireland, Scotland 

Wales and the Isle of Man, aims to improve management of this area by developing 

spatial planning. Tyldesley [21] describes marine spatial planning as including plan-

making, implementation, enforcement, monitoring and performance review. The 

spatial component of the plans comes from the recommendation that the plans include 

the physical and spatial dimension of all management strategies, plans, uses, 

resources, and legislation. This is to promote better understanding of the area and thus 

better decision-making and planning.  
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The marine spatial planning concept is similar to the marine cadastre concept in that 

marine spatial planning aims to promote more integrated planning of uses, rights, 

interests and restrictions in the marine environment by having them spatially defined. 

This is similar to the aim of the marine cadastre in the Australian example above, 

which is to ‘describe, visualise and realise rights, restrictions and responsibilities in 

the marine environment’. The main challenge highlighted with marine spatial 

planning in the Irish sea are the disjointed approach to managing the coastal zone, 

with different planning systems operating on either side of the coastline. It was 

recognised that management should cover the whole jurisdiction of a country. 

However this also raises other issues in the Irish Sea, as this area is shared by five 

countries, but shouldn’t be managed by five different governance systems [34]. 

Therefore an integrated approach is suggested, and being tested in this pilot project.  

Also similar to the Australian project the Irish Sea pilot project recommends that 

access to spatial data and information should form an integral part of marine spatial 

planning. While the idea of a marine SDI is not mentioned, Tyldesley [21] states that 

currently there is ‘no coordination of geographic information or other mapping 

systems to collate, interpret, and use information or to form a basis for spatial 

planning at sea’. There are marine SDI initiatives underway in Ireland and the UK 

(see table 1), but these are currently in the vision stage, and not part of Irish Sea pilot 

project.  

  

4) Ocean Portals – Australia, Ireland, Global 

 

Internet portals/ clearinghouses/ warehouses are developing around the World that 

intend to be a source of marine and/or coastal spatial data and information. For 

example there are several in Australia: the Oceans Portal proposed by the Australian 

National Oceans Office (NOO), Geoscience Australia’s Australian Marine 

Boundaries Information Systems (AMBIS), and CSIRO’s marine data directory – 

Marlin. In Ireland the Marine Irish Digital Atlas aims to be a ‘single source for marine 

and coastal geospatial information in Ireland’ [35]. There are other examples at 

National and State levels in the USA, France and many other countries [35]. Global 

level oceans portals are developing too, such as the Oceans Biogeographic 

Information System (OBIS) – a virtual repository of oceanographic and biogeographic 

information.   
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These initiatives are all examples of possible access-networks in an SDI, delivering 

front-end access to data through an Internet portal. There are many different examples 

of these, most developed to support decision-making for a particular discipline or 

location through better access to spatial data. These would make-up one part of the 

SDI, with the rest being the back-end infrastructure such as the standards, policies and 

technologies. The main difference between these and an SDI is that most of these 

portals only focus on providing data and information. However the data will only be 

useful if it is compatible with the potential users system. Therefore the clearinghouse 

or access network needs to be linked with the other SDI components (people, data, 

standards and policy) so that data is accessible and also usable [36]. Some portals 

have recognised this, for example the Australian Oceans Portal suggests using Open 

GIS Consortium (OGC) standards and technology to comply with international and 

national standards as recommended by ANZLIC for the ASDI [37].  This would make 

the spatial data interoperable allowing many different people to use the same data. 

This is based on existing research into SDI that, until recently, has mainly been 

applied to land-related spatial data (as discussed above). Research is now needed to 

see if these ideas are as applicable to sharing marine and coastal spatial data. Existing 

oceans portals can take advantage of this research to enable them to provide more 

interoperable and useful spatial data by using the SDI concepts, components and 

hierarchy.  

 

Applying SDI to the Marine Environment 

 
The SDI concept has until recently only been used to describe land related spatial data 

and information. While these concepts might be applicable and desirable to improve 

marine administration, the nature, definition and components need to be examined 

and tested for their ability to describe marine and coastal spatial data and information. 

This section examines each component of SDI (data, standards, policies, access 

networks and people) and discusses its applicability to the marine environment 

 

Data 

The marine environment is dynamic and multi-dimensional, providing a more 

difficult area for data collection and updating. Data is usually collected on a project-
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based approach and is rarely shared between different organisations. A key issue is 

the availability of data. There is a substantial amount of data collected about the 

marine and coastal environments, but it is often not available to all users. The other 

issue is that if it is available, it may not be interoperable. To partially resolve this 

problem in the land environment often an SDI will include ‘fundamental datasets’, 

those that will be needed to support most business processes, with a designated 

custodian responsible for maintaining them. For example the SDI for the State of 

Victoria, Australia has geodetic control, cadastral, address, transport, administrative 

boundaries, elevation, hydrography and imagery fundamental datasets. Suggestions 

for fundamental datasets offshore include: bathymetry, marine protected areas, 

political boundaries, oceanography, sea level, waves, water quality, sea floor 

composition, meteorological conditions, and biodiversity regionalisation [6]. In the 

USA NSDI bathymetry is a sub-layer of the elevation fundamental dataset [25]. This 

may be possible for other datasets, however it is likely there will be some that will be 

regarded as fundamental only in the marine environment (ie salinity, waves, water 

quality). Interoperability is an important part of sharing spatial data in an SDI [38]. 

The differences in the marine and terrestrial environments in fundamental datasets, 

data collection and technology used in these environments will make interoperability 

between marine and terrestrial spatial data a big challenge. 

 

Standards 

Standards specify regulations for data access, content, and exchange [37].  Standards 

are used to ensure interoperability and integratability of different datasets. In the 

terrestrial environment there are many different standards used, often set at 

international and national levels. The International Standards Organisation Technical 

Committee 211 (ISO TC/211) has recently developed a set of 40 Geographic 

Information related standards most of which are focussed on terrestrial spatial data. In 

the marine environment the International Hydrographic Organisation (IHO) in 

conjunction with the International Hydrographic Bureau have developed a transfer 

standard for digital hydrographic data (S-57) and are examining other standards for 

marine data. These standards, however, are not at the same level of completeness as 

the ISO TC/211 standards. The main issue is that if different standards need to be 

developed for marine spatial data exchange this will limit the interoperability between 
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marine and terrestrial spatial data. It also creates confusion in the coastal zone as to 

which standard should be applied.  

 

Another initiative that aims for interoperability between datasets from different 

custodians is the development of Extensible Markup Language (XML). XML is an 

exchange data format that is used on the Internet and has been described as ‘the 

building blocks that house data’ [39]. There are several projects around the world 

examining the creation of a marine specific XML. The International Oceans 

Commission (IOC) has established a Marine XML consortium, which is looking at 

developing an international standard form of marineXML. Standardisation at an 

international level is required for interoperability on a global and regional level, 

otherwise marineXML will become ‘just another data format’ [40]. The main benefit 

of using XML is that it provides a common format to store data, and so allows data to 

be exchanged easily between providers, value adders, and users. Marine XML is 

being developed and used by the Australian Oceanographic Data Centre to encode 

their marine data for storage and exchange [40].  

 

Policies 

Policies are influenced by international best practice in spatial data management and 

exchange. Marine data management policies are developing in Australia and the USA 

(see table 1). In the United States NOAA Coastal Service Centre has developed a 

policy for Coastal NSDI that aims to link the coastal management community with 

the National SDI. Australia’s Marine Science and Technology plan sets out policy for 

marine spatial data sharing and management. The policy includes: avoiding 

duplication, data consistency, improved access to data and coordinated data 

management [41].  

 

The current ASDI policies cover access, data custodianship, conformity, quality, 

content, industry engagement, avoidance of duplication and sensitivity [42]. In 

applying these policies for terrestrial spatial data to the marine and coastal 

environments it is likely there will be differences in terms of data quality, data access 

and privacy. Data quality depends on collection, completeness, currency, reliability 

etc. and due to the complexity of the marine environment and the different 

technologies used for data collection, may be more difficult to achieve at the same 
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level as terrestrial data. Fixed line data transfer supports data access onshore. In the 

marine environment there may need to be the capability for wireless data transfer, for 

people accessing or uploading data offshore.  Privacy over spatial data in the marine 

environment is a concern with many countries reluctant to share spatial information 

relating to their marine jurisdictions, and as such there may need to be different 

privacy policies for offshore data [27].  

 

Access Networks 

In a questionnaire conducted by the University of Melbourne ARC Marine Cadastre 

group one of the main issues highlighted was accessibility of data and metadata [5]. 

Access networks usually comprise data warehouses, data portals, one-stop shops, on-

line atlases or similar. Around the world these are being set up to facilitate access to 

marine spatial data. For example in Australia, the National Oceans Office is 

developing an oceans portal, data is accessible through the Australian Oceanographic 

Data Centre (AODC) and each state has an offshore atlas, as an online GIS, that 

combines mapping capabilities and a link to metadata. For these access network to 

support interoperable and coordinated data they must comply with the standards and 

policies specified by the SDI.  An issue highlighted in the ‘Policies’ section is the 

ability of someone offshore being able to access data. For example bathymetry for 

navigation, the rights and restrictions attached to a particular location, or sea surface 

temperatures or currents in a search and rescue operation. The technology that allows 

data transfer and access onshore, will not be appropriate for use offshore, and so 

alternatives, such as wireless data transfer will be needed.   

  

People and Partnerships  

This component is one of the most important components of SDI. The people in SDI 

are the data providers, value-adders and data users. In the marine environment these 

people will come from private industries such as shipping, defence, aquaculture and 

conservation, as well as from government at local, state and national levels. There will 

already be some degree of spatial data management that is occurring within these 

groups, even if only within or between organisations. It is important that this is 

recognised and can be built upon for the SDI to be relevant to those who will use it. 

This data management will also need to be integrated with the standards and policies 

that are set at global, regional and national levels. Both Binns [28] and ANZLIC [43] 
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have reported that a barrier to SDI development and marine SDI development is 

‘immature institutional arrangements’ and the reluctance of many organisations to 

share their data. Therefore a challenge in developing a marine SDI will be in 

encouraging cooperation and a culture for spatial data sharing between the institutions 

involved in marine and coastal spatial data collection and use [44]. Underlying these 

issues is the need for an institutional framework that will support marine SDI 

development, and impose responsibility for organising and building the SDI.  

 

The key to success in SDI initiatives is partnerships within and between organisations 

involved in marine administration and spatial information. Multiple reports 

internationally have highlighted the need for better coordination and integration 

between and within levels of government to improve coastal zone management [45], 

[46]. Partnerships drive the development of SDI, allowing people to work together to 

achieve their respective goals. In the marine environment it is likely that there are 

existing partnerships between or within organisations. It is important that these are 

recognised as they can be built upon to facilitate the development of Marine SDI. 

 

The Coastal Zone 

 
Until this point this paper has discussed marine and coastal SDI development as 

occurring separately from the existing land-focussed SDIs. Overlying this, there is 

much debate over whether these environments should be managed and administrated 

as one or as separate areas. Current research into marine and coastal zone 

management highlights the need for a holistic and integrated approach to management 

of these areas [27], [47], and this is the main goal behind ICZM.  Thus the need to 

effectively manage the coastal zone as well as the need for integration of data between 

the three environments (land, coast, marine) requires a management system that 

incorporates them all. Currently many countries have a land administration system 

and some kind of marine administration system, but these operate as separate entities 

causing confusion and a lack of management at the coastal zone (Figure 5).  
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Figure 5: Combining Administration Systems [10] 

 

A more integrated approach would be supported by the development of a seamless 

SDI. This would allow people involved in administering the areas access to 

interoperable data from all environments and thus strengthen the chance of more 

integrated management. If two separate SDIs were created it would deepen the gap 

between these two administration systems and make coastal zone management more 

difficult. There is an opportunity for more research to be conducted into combining 

these initiatives and developing a seamless SDI that can include spatial data from all 

environments. Using common SDI standards, policies and access networks can ensure 

that this spatial data is interoperable, facilitating the design of a seamless SDI and 

thus improving decision-making and administration in the coastal and marine 

environments.  

 
Conclusion 

 

Our increased use and improved understanding of the marine and coastal 

environments has lead to the realisation that we need better management and 

administration systems to deal with these areas. SDI is an initiative that allows access 

and sharing of spatial data for decision-making, management and administration. In 

the terrestrial environment SDI is developing to improve coordination and sharing of 

land related datasets. Developing a seamless SDI that can include data from the land, 

coast and marine environments will improve access and sharing of data between these 

environments. The ability to access and integrate data has been identified as a 

problem by people involved in coastal zone management, as can be seen from the 
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development of ICM initiatives. This paper highlights the potential for using SDI 

standards, policies and access networks to improve access to spatial data in the marine 

and coastal environments. At the moment the practical implementation of a marine 

SDI is mainly occurring separately to the terrestrial SDI, using the same components 

but adapting them to suit the different environment. Research now needs to focus on 

combining these initiatives and developing a seamless SDI. Based on this need there 

is ongoing research, as noted above, into the policy and technical aspect of marine 

administration, with an overall goal of improving decision-making and administration 

in the coastal and marine environments.  
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