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ABSTRACT 
 
The coastal zone is a complex area, consisting of both the marine and terrestrial environments. It is 
also home for an increasing number of activities, rights and interests, and according to the UN Atlas 
of the Ocean 44% of the worlds population. Worldwide countries are realising the need to balance 
development and exploitation of resources in the coastal zone with environmental and social needs..  
 
It has been established that access to spatial data aids in decision making for management and 
administration. Tools and systems such as the cadastre and spatial data infrastructure (SDI) have been 
developed that allow access and sharing of spatial data. Many countries are implementing these tools 
at national, state and local levels, however most of these initiatives stop at the high water mark. The 
need for access to spatial data for improved decision-making and management does not stop at the 
high water mark. This paper examines the concept and nature of SDI as a framework to facilitate 
marine management. It discusses the processes that link people to data in the terrestrial environment 
and how these can be applied to marine spatial data, with the view of including a marine or coastal 
dimension at the national level of an SDI model.  
 
Underpinning the need for better and more integrated management of the coastal zone, is the need for 
access to and interoperability of spatial data that relates to the land and marine environments. The 
development of an SDI that contains spatial data from land, coastal and marine environments will 
satisfy this need.  
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Key learnings:  
1.  Need for better access and sharing of data in the marine and coastal environments 
2. SDI facilitates sharing and exchange of data, but is focussed on land related data 
3. Developing a marine or coastal dimension for an SDI model will allow interoperability between 
marine and terrestrial spatial data and thus aid coastal zone management 
 
 
INTRODUCTION 
 
Until recently management and administration tools were focussed on the terrestrial environment. 
Initiatives 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 bought to attention the 
importance of sustainable development of the coastal and marine environment. Many countries are 
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beginning to consider extending their land management systems to include the marine environment, 
while others are examining developing a different system to manage their marine area separately.  
 
Onshore land administration systems are supported by spatial data infrastructure that allows access 
and sharing of spatial data. In Australia spatial information is recognised as a ‘critical national 
resource’ (ANZLIC 1999), but the Australian Spatial Data Infrastructure (ASDI) is focussed on the 
exchange of terrestrial spatial data, although in 2001 the ASDI vision was updated to include marine 
spatial data. To improve management of the coastal zone there needs to be access and interoperability 
of both marine and terrestrial spatial data. This paper discusses the potential for adding a coastal 
dimension to an SDI to facilitate coastal zone management. It looks at the difficulty in managing the 
coastal zone and the differences between the land and marine environments in terms of management. 
It also examines the components of an SDI, with a focus on the ASDI, and the development of a 
marine dimension to these components.  
 
 
UNIQUE COASTAL ENVIRONMENT 
 
The coastal zone is difficult to manage. It is governed by a complex array of legislative and 
institutional arrangements from local to global scales. A coastal state may be a party to many 
international conventions (ie RAMSAR, MARPOL, London Convention) in addition to developing its 
own national, and even state or local, regulations. Activities and resource are usually managed in a 
sectoral and ad-hoc approach with legislation or policies created when the need arises and specific to 
only one area of interest. As an example in Australia this has seen the creation of over 300 pieces of 
legislation relating to marine management, with most of these focused on the one activity (ie, Crimes 
at Sea Act 2000, Lighthouses Act 1911). There are also a large number of stakeholders with rights or 
interests, or responsibilities for management in the coastal zone. Binns (2004) states that there is often 
little cooperation or collaboration between these groups responsible for managing the same area 
offshore. To add to the complexity these rights and interests can often be overlapping and sometimes 
conflicting or competing for space. Rights to land are generally easy to define and physically realise, 
and the majority are owned in freehold by an individual.  This is not the case in the marine 
environment where dividing up the ocean into discrete rights is almost impossible.  
 
To add to the complexity there is still a lack of understanding of the coastal environment. Land 
management systems deal with an environment that changes with timescales of thousands of years. 
Comparatively the marine environment is highly dynamic with processes such as tides and shoreline 
erosion needing much smaller timescales. In some places such as the Bay of Fundy in Canada the 
difference between water depth at high and low tide can be as much as 13m. The marine environment 
is also fluid and thus natural resources or features are more likely to move with time. These 
difficulties compound in the coastal zone, as it is both the on and offshore environments combined 
and interrelated.  
 
It has been suggested that two different management systems should be created – one for land and one 
for marine. However 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. This has been recognised through the development of integrated 
coastal management (ICM) (Gillespie et at 2000), an initiative that aims to combine management of 
the coastal zone, spatially, institutionally, and ecologically. All these challenges combined with the 
lack of understanding of the marine environment have proven current management strategies to be 
‘fragmented, complex and poorly understood’ (Neely 1998). 
 
SPATIAL DATA INFRASTRUCTURE 
 
It is increasingly being recognised that spatial information is one of the most critical elements 
underpinning decision making for many disciplines (Williamson 2003). In a survey conducted by the 



ARC Marine Cadastre group at Melbourne University spatial information was regarded as essential or 
important by 94% of the respondents (Forse and Collier 2003). Many countries around the world are 
developing spatial data infrastructures (SDI) as a way to better manage and utilise their spatial data 
assets (Rajabifard and Williamson 2004).  
 
An SDI is about facilitation and coordination of the exchange and sharing of spatial data. It is 
described as the underlying infrastructure, often in the 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. One definition of SDI is ‘an umbrella of 
policies, standards and procedures under which 
organisations and technologies interact to foster 
more efficient use, management and production 
of geospatial data’ (FGDC 1997). Some of the 
benefits of developing SDI are: improved access 
to data, reduced duplication of effort in 
collecting and maintaining data, and 
interoperability between datasets. Figure 1 
shows the components of SDI, these components 
will be discussed in more detail and their 
potential for application to the coastal 
environment outlined.  

Figure 1: Components of SDI                                                   
 

COASTAL SDI 
 

This section discusses the possibilities and limitations of SDI for improving the spatial dimension of 
coastal zone management. In extending an SDI to include coastal and offshore dimensions, the SDI 
components will need to be examined and their potential for use offshore assessed. This research 
forms part of a research project being undertaken by the authors in the Department of Geomatics at 
the University of Melbourne. The aim of this research project is to design a method for developing a 
seamless SDI that allows access to and interoperability of data from marine, coastal and terrestrial 
environments. The objectives are: 

1. Identifying user needs for spatial data in the marine environment 
2. Examine and compare SDI developments for both the marine and terrestrial environments  
3. Researching interoperable data design, exchange and integration 
4. Developing a methodology to adopt common SDI components and partnerships 
5. Testing the methodology with a pilot project in a coastal zone 
6. Developing design criteria to enable the development of a seamless SDI 

This section comes from research into the first two objectives.  
 

People 
People in SDI are data providers, value-adders and data users. In the marine environment the people 
will come from private industries such as shipping, defence, aquaculture and conservation, as well as 
from government at local, state and national levels. In developing an SDI where these people are the 
users it is important that their needs are considered, so that the SDI becomes user driven. There will 
already be some degree of spatial data management that is occurring, even if only within 
organisations/ at an organisational level. The current data management needs to be integrated with the 
standards and policies that are set at a national and international level. Both Binns (2004) and 
ANZLIC (2003) have reported that a barrier to SDI development and marine SDI development is 
‘immature institutional arrangements’. For all these reasons, a main challenge in developing a marine 
SDI will be in encouraging cooperation and a culture for spatial data sharing between the institutions 
involved in marine administration (Rajabifard and Williamson 2003).  
 



Standards 
Standards specify regulations for data access, content, and exchange (ANZLIC 2002). 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.  
 
Another initiative that aims for interoperability between datasets from different custodians is the 
development of Extended 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’ (Keeley et al 2003). There 
are several projects around the world examining the creation of a marine specific XML. The 
International Oceans Commission (IOC) 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, and otherwise marineXML will become 
‘just another data format’ (Ronai et al 2002). The main benefit of using an XML is that it provides a 
common format to store data, and so allows data exchanged easily between providers, value adders, 
and users. Marine XML is being used by the Australian Oceanographic Data Centre to encode their 
marine data for storage and exchange (Ronai et al 2002).  
 
Policies 
According to ANZLIC (1999) ASDI policies cover access, data custodianship, conformity, quality, 
content, industry engagement, avoidance of duplication and sensitivity. Policies are influenced by 
international best practice in spatial data management and exchange. As yet no research has been 
conducted as to the appropriateness of these policies in terms of marine spatial data. It is likely there 
will be differences in terms of data quality, data access and privacy among others. Data quality will 
depend on collection, completeness, currency, reliability etc. and due to the complexity of the marine 
environment may be more difficult to achieve the same 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 bigger concern for many countries, and as such there may need to be 
different privacy policies for offshore data.  
 
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 (Forse and Collier 2003). 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. 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.   
 
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-based approach and is rarely shared 
between different organisations. Often a state or national 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 State of Victoria, Australia SDI has geodetic, cadastral, 
address, transport, administrative boundaries, elevation, hydrography and imagery fundamental 
datasets. Some of these can be extended to include the marine environment. In the USA NSDI 
bathymetry is sub-layer of the elevation fundamental datasets (Bartlett 2004). This may be possible 
for some SDI initiatives and some datasets, however it is likely there will be other datasets that will be 



regarded as fundamental in the marine environment (ie living and non-living resources, water quality), 
and it may be preferable to use different geodetic control offshore. Interoperability is a key 
consideration of the data component of any SDI (Smith and Keeley 2003). The differences in the 
marine and terrestrial environments and in data collection and technology used in these environments 
will make interoperability between marine spatial data a big challenge.  
 
Partnerships 
Another important component of SDI is partnerships within and between institutions involved in 
spatial data management and marine administration. Multiple reports internationally have highlighted 
the need for better coordination and integration between and within levels of government to improve 
coastal zone management (Hudson and Smith 2002, Middle 2004). 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.  
 
Most countries around the world have agreed on the idea of a seamless administration system that 
includes the marine and terrestrial environments. Currently most countries have a land administration 
system and some kind of marine administration system, but these operate as separate entities causing 
a lack of management at the coastal zone. 
The development of a seamless cadastre/ 
SDI would aid in combining these systems, 
through providing interoperable data from 
both environments and allowing integrated 
spatial management (Figure 2). If two 
separate cadastre/SDI were created it would 
deepen the gap between these two 
administration systems and make coastal 
zone management more difficult. This was 
recognised at the Workshop for 
Administering the Marine Environment 
(2004) which recommended that a marine 
dimension be added to all coastal countries 
National SDI in the Asia-Pacific region. The 
marine dimension of NSDI will underpin the spatial dimension of a countries marine administration 
system. While the extension of these SDI components into the marine environment will improve 
access and exchange of marine related data, the development of different standards, policies etc will 
cause difficulty in managing the coastal zone. 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. This will recognise the interrelatedness of the marine and terrestrial 
environments and also improve management of activities or resources that occur across these 
boundaries.  

Coastal Zone

Marine 
Administration 

System (includes a 
cadastral 

component) 

Spatial Data Infrastructure 
(includes cadastral data) 

Land 
Administration 

System(includes 
a cadastral 

component)

Figure 2: Seamless administration system 

 
 
CONCLUSION 
 
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 development of ICM initiatives. This paper has highlighted 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.  The development of a seamless SDI will ensure this data is interoperable and thus improve 
decision-making and administration in the coastal and marine environments. 
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