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Summary
Over the last three years the Ministry of Research, Science and Technology (MoRST) has 
engaged in a range of work relating to environmental sector data management, and research data 
saving and sharing. At the same time a number of data management related initiatives have been 
progressing at an agency level within local government, central government departments, and 
Crown Research Institutes (CRIs). Coordinated vision is needed to act as a bridge between 
systems level policy intent and agency level initiatives. This document is the first step in 
bringing a change to resolve ‘system-wide’ issues of national environmental data management; 
it is a starting point for whole-of-sector discussions.

Where We Are Now
The environment sector includes people, activities, and organisations that work to understand, 
manage and improve our natural and urban environments. This includes biodiversity, 
biosecurity, ecosystems, water (supply and quality), atmosphere, climate systems, land cover, 
land use and land capability.  It also includes the environmental impacts of agriculture and 
industry, the ecosystem services needed to support our primary productive systems, and urban 
and rural sustainability.

The creation, dissemination, and use of factual data are essential attributes of, and inputs to, 
modern systems of environmental management, scientific research, and technological 
innovation. Recognising the role of digital data as fundamental to the value chain of 
environmental science and management, technology and innovation will maximise returns on 
the respective central and local government investments in environmental research. 

There is an enormous range of environmental data in New Zealand, held by a wide variety of 
organisations, and funded in many different ways. Managing these data effectively requires 
standards, practices, technology, funding, and appropriate organisational cultures.  Effective 
storage, management and preservation of data are needed to ensure full utilisation for 
environmental management, scholarly and scientific investigation. Good data management 
includes curating data properly so they retain their quality over time, and describing data so they 
can be discovered easily by potential users.  The data collected need to adhere to internationally 
recognised standards and wherever appropriate be in a digital format which is easy to use.  Older 
data should be digitised wherever appropriate.

Recently a ‘federated’ approach to environmental data in New Zealand has emerged and is 
gaining general acceptance within the sector. A federated approach involves different agencies 
being the custodians of different datasets, while providing appropriate access to those data to 
other users, and interoperability between the data and systems. This approach is desirable in 
New Zealand since no one agency or system can or should hold all data or functionality required 
for national environmental research and management. 

There are many organisations holding datasets with overlapping content and functions. 
Increasingly it is useful for the environmental research and management sector to be able to 
directly access data across organisational boundaries. This requires robust data management 
systems as well as ‘informatics middleware’ i.e. the technologies required to locate, share, 
analyse and integrate data across various sources. 

This federated approach is supported by a range of government strategies such as the Digital 
Strategy, the Digital Content Strategy and the Geospatial Strategy.  All of these signal the need 
for greater interconnection of information systems across agencies. An informatics infrastructure 
underpinning a federated system is also supported by international agreements on policy for 
research data management.  Internationally other nations have made significant investments in 
infrastructure to support research management.
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A Vision For 2015
The following is presented as an aspirational vision for environmental data management in New 
Zealand.

In 2015, environmental data in New Zealand is easily available anywhere, at any time.  National 
data infrastructures and international standards allow data to be readily shared between 
researchers, individuals in government and non-government organisations (NGOs), as well as 
community groups. Stewardship roles and responsibilities are clearly defined for all data. These 
functions are well understood, respected and applied by the whole of the environment sector.

Data are well stored
There are significant distributed national repositories of environmental primary data. Some of 
these are large single repositories and are hosted by one organisation with data contributions 
from many agencies, whereas others are smaller databases.  Nonetheless, all are federated and 
searchable and data can be transferred easily within the federated model.   Such repositories and 
databases are trusted bodies of digital environmental data and are well curated for future use.

Advanced collection, aggregation and federation methods
New Zealand has adopted leading edge environmental monitoring technologies.  Some of the 
collection of data is done automatically using remote sensing techniques and by sensor 
networks, and data are stored in accessible databases.  Some data are still collected by 
researchers with the assistance of mobile data entry and capture technologies. Systems run by 
community groups and NGOs can connect to underlying national informatics middleware.  This 
allows them to access applications supported from authoritative national datasets, for example 
source maps, classification systems, data dictionaries and organism names.  Data collected by 
these groups can, where appropriate, be captured and aggregated with data collected by 
researchers and government agencies. 

Data are available for reuse
Data collected for research and for environmental management (e.g. conservation, pest 
management, biosecurity) are widely accessible. This is true across local, regional and national 
scales between participants from landowners to private industry. National standards and the 
availability of data sharing allow these data to be easily combined and compared. Reuse of 
existing data allows for better understanding of trans-disciplinary integrative research 
approaches and improved cost benefits for data collection. Existing data can be used to support 
new research initiatives.

International collaborations
New Zealand researchers are increasingly involved in global research collaborations. These 
collaborations use advanced high-speed networks to share data in real time and provide access to 
high performance computing for modelling and analysis. Models can be integrated and scaled 
beyond individuals and research groups to provide comprehensive environmental forecasting 
globally.

IP, privacy and safety
Intellectual property, data security and privacy are well managed within environmental data 
repositories through mature policies and access measures. Researchers’ needs to retain 
confidential data (prior to patent or publication restrictions) are respected. Where data have high 
commercial value in the short term, commercial advantage is retained by researchers and /or 
their respective agencies.  Policies acknowledging the source and limitations of the primary data 
are strictly enforced. Where appropriate, access to data is restricted for legitimate intellectual 
property, security, privacy and safety reasons. However, data are released into the public domain 
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as soon as these restrictions are no longer applicable.  Much of the body of environmental data is 
unencumbered by restrictions and is openly available.

Data can be found and interpreted
There are a number of central points for online discovery of environmental data including 
portals and metadata directories. Primary data can often be interpreted and used for decision 
making by people with differing levels of expertise through the use of derived information and 
the interpretive tools. Conservation, biosecurity, and other environmental managers understand 
the utility of these tools, relying as appropriate on trusted and authoritative data, information and 
on consultation with relevant expert scientists.

By 2015 achieving this vision will enable a number of outcomes:

Research

• New Zealand scientists routinely use eResearch tools and resources including new 
research using existing datasets, combination of datasets, and new technologies to 
interpret findings. This contributes to internationally recognised science outcomes, the 
ability to deal with increasingly complex problems and improves cost efficiencies.

• New Zealand’s collaborative eResearch infrastructure is so easy to use it is largely 
invisible.  Scientists are motivated to put their data into repositories because of the 
benefits it provides them in the national and international research environment. 

• New Zealand is advanced in the development and implementation of new environmental 
measurement and sensor technologies

• The management and use of sensor data is advanced in New Zealand

• The availability of extensive and high quality environmental data enables New Zealand 
to be at the forefront of some key areas of environmental research including the 
development of new models that could benefit environmental, economic and social 
outcomes. 

Environmental Management

• Accurate environmental forecasting of natural hazards and of the potential impacts of 
resource exploitation on ecosystems is investigated

• Evidence-based policy is developed in areas such as climate, water allocation, water 
pollution, fisheries, agriculture, resource management and hazard forecasting

• A precisely targeted and cost effective biodiversity and conservation inventory is 
available, allowing greater monitoring and management of the environment

• Earlier prediction and detection of biosecurity incursions and rapid efficient responses to 
potential breaches occurs

• Thorough and accurate national State of the Environment reporting is done cost 
effectively

• Environmental standards are universally available

• Access to data enables community groups to engage in an informed way in conservation 
and advocacy
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Economic

• Open access to environmental data creates a platform for innovation that develops tools 
and services. Some of these advancements improve the outcomes of environmental 
management locally and nationally, while others benefit internationally competitive 
businesses.

• Good data, excellent science, and well informed policy allow environmental variables to 
inform economic decision-making in New Zealand. 

• Good environmental data management enables New Zealand to be the first country to be 
certified as carbon neutral, and has applied an internationally renowned model for a 
sustainable economy. 

• Auditable sustainable economic performance is enabling New Zealand’s international 
export and tourism industries to continue to thrive and operate sustainably.

The Challenges We Are Facing
There are a number of system wide challenges that may impede progress towards the vision. 
These are:

Coordinated leadership across the whole of the environment sector – this does not exist. It 
will be necessary for the advocacy of international best practice standards, informatics 
middleware investment decisions, intellectual property policies, and advanced ICT systems to 
promote interoperability. Without this, agencies’ various priorities will continue to be 
unconnected.

Investment in infrastructure – Funding models for CRIs assume that full-cost funding would 
allow adequate internal investment in research database maintenance and data management 
infrastructure. To some extent the CRIs have achieved this, at least in regard to use of data for 
research purposes. However they have not invested to the level required to achieve the potential 
national benefits that would now be possible with current technologies. CRIs are focussed on 
their needs, and are not taking the additional steps to meet national-scale pressures.

Charging leads to under utilisation – The National Institute of Water & Atmospheric Research 
(NIWA) recently made all its climate data freely available on the web. In the first three months 
of this venture, ten times as many users have subscribed with five times as many data being 
downloaded than when the data was available for a fee. This experience suggests that a web-
enabled service which charges for research data (even at the cost of dissemination) can act as a 
barrier to optimal utilisation of the information. This cost structure can limit the potential 
benefits society can gain by using environmental data for environmental management, education 
and commercialisation purposes.

Funding for ongoing maintenance and management – Increasingly research programmes are 
focussed on the delivery of information systems and tools as outputs, rather than just written 
publications. Under current funding arrangements, there is generally very little funding available 
for the ongoing maintenance of those tools and adaptation of those resources. 

Incentives for data sharing – The output expectations of research contracts (focused primarily 
on written reports and conference presentations) create motivational impediments to scientists to 
sharing their data.

Intellectual property confusion – in New Zealand the ownership structures of intellectual 
property on environmental data and information are varied and complicated. This has led to 
misunderstandings and the build up of a mythology of proprietary behaviour. 
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Standards – there is a lack of widely adopted and implemented standards for data collection and 
exchange.  This is a potential impediment to the vision when it comes to comparing data across 
different spatial and temporal scales.

A Framework for Action 
The challenges and potential solutions for environmental data management will require a new 
framework for conceptualising how to fund and provide access to data across different 
organisations. Up until relatively recently there were only two possible models for data 
management across the environment sector – centralised, and decentralised. With advances in 
information technology an approach has emerged that combines the best of both previous 
models. This is the federated approach. It involves different levels of coordination, 
standardisation, autonomy, and different types of funding, at different layers in the data 
management ‘stack’. This is shown below.
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Agency Specific
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BRAD, CAS)

Research
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Data Dictionaries (e.g.
organism names)
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Land

Vegetation
Surveys
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Network Infrastructure Layer

Middleware Layer

Sector w ide
Access Portals
(Biodiversity,
Biosecurity,
Climate etc)

User Created
Mashups

NGO w eb
sites

Classification & Interpretive Models (LENZ, REC etc)

Metadata Repositories

User Interface Layer
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centrally or 'club funded'

as shared informatics
infrastructure

Ideally baseline funded
through individual

agency budgets or
Science Backbone

Infrastructure nationally
(or commercially) owned,

user pays access

Data Access
Interfaces/Services

A federated model for access to data has many potential benefits. These include cost 
efficiencies, comparability of data across organisations, and improved coordination of activities 
across research and environmental management. In addition, a federated model is likely to 
enable a technology ecosystem where new tools, innovations, and entrepreneurial approaches 
will emerge. 
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An Action Plan For Discussion
New Zealand has the opportunity to create a national federated model that encompasses all 
environmental management and research data. It is time to provide leadership in areas such as 
proprietary ownership issues, licensing policies and access regimes. Under such a model 
participants would have an opportunity to harness the wealth of data already collected by a range 
of agencies to make real improvements in a number of areas to achieve national sustainability 
goals.

A set of actions are proposed to help achieve the vision. These are split into two streams as 
follows.

1. Aligning existing actions:

• Establishing a sector wide leadership and governance group for environmental data 
management 

• Alignment of new environment sector data management initiatives with science 
backbone policy 

2. Planning new investment:

• New investment stream for environmental data management and infrastructure

• Establishing sector wide approaches to architecture, data rescue, standards, policies and 
practices

These actions are expanded on in section 7 below. They are a starting point for discussion rather 
than a confirmed sector wide consensus.
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1 Introduction

1.1 Purpose
Over the last three years MoRST has engaged in a range of work relating to the management of 
environmental sector data with respect to data saving and sharing. This includes:

• a review of environmental science data within Landcare Research and NIWA (2004);

• a national workshop on research data saving and sharing (2005);

• a trial of a ‘federated’ approach to data management for the Ocean Survey 20/20 
programme (2006); 

• input to the OECD Principles and Guidelines for Access to Research Data from Public 
Funding; and 

• a review of funding mechanisms for ‘backbone’ science infrastructure. 

These have promoted basic policy ideas such as a federated approach to data, and helped 
contribute to a policy environment in which data management is seen as important. Through 
various management instruments MoRST has progressively encouraged funding and investment 
agencies and Crown Research Institutes to consider policies for access to research data including 
environmental data.

At the same time a number of data management related initiatives such as the Terrestrial and 
Freshwater Biodiversity Information System (TFBIS) programme and EnviroLink, have been 
progressing at an agency and operational level within local government, central government 
departments, and Crown Research Institutes (CRIs). What is now required is a coordinated 
approach to act as a bridge between high-level policy and agency level initiatives.

MoRST wishes to establish this vision, and develop an action plan for resolution of system wide 
issues, relating to environmental data management. This document represents the first step in 
that process; it does not represent MoRST’s (or other agencies’) definitive views, it is intended 
to act as a starting point for ‘whole of sector’ discussions and future work.

1.2 Objectives
The objectives for this vision and action plan are:

● To generate a ‘whole-of-sector’ support for the management of environmental data

● To identify a set of actions that individual agencies may contribute to

● To provide evidence for budget initiatives

● To identify policy issues for action

● To generate ideas for national data management processes

1.3 Process
This vision and action plan was compiled by Julian Carver, an independent consultant, on behalf 
of MoRST. The process involved interviews with a range of stakeholders from relevant 
government agencies and research institutes. The names of these people are listed in the 
Appendix.
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1.4 Document Structure and Contents
The summary section above was designed to be relatively comprehensive. As such some of the 
content is repeated in the remainder of the document. This is particularly true in the Vision and 
Challenges and Solutions sections. Where this occurs additional details and expanded 
descriptions are provided in all cases.

The document contains the following sections:

Environmental Data Management Today – definition of terms, and a description of the 
current state of environmental data management and funding in New Zealand.

Strategic Context – an exploration of what is happening internationally, including strategies 
and obligations, international research data policy, and what other countries are doing, and a 
review of current trends in environmental science, management and technology.

Vision 2015 – an expanded vision

Challenges and Solutions – similar to the section in the summary above, and including 
expanded detail and proposed solutions for each challenge

A Framework for Action – similar to that in the summary, and including more detailed 
arguments and supporting examples

Action Plan – a detailed list of proposed actions and initiatives
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2 Environmental Data Management Today

This section defines the terms and concepts used in this document, and provides a description of 
the current state of environmental data management in New Zealand.

2.1 What is the environment sector?
The ‘environment sector’ is a broad term. For the purposes of this document it includes people, 
activities and organisations working to understand, manage and improve our natural and urban 
environments1.

The environment sector includes the Ministry for the Environment, Ministry of Research, 
Science & Technology, Ministry of Agriculture and Forestry, Ministry of Fisheries, Foundation 
for Research, Science and Technology, Department of Conservation, Land Information New 
Zealand, Statistics New Zealand, local government organisations (regional, district and city 
councils), the Animal Health Board, Environmental Risk Management Authority New Zealand, 
Landcare Research, the National Institute for Water and Atmospheric Research, Geological and 
Nuclear Sciences, the Cawthron Institute, a range of museums, universities, and many non 
governmental organisations.

These agencies have a variety of (occasionally competing) mandates and functions. This means 
their interests in the environment vary widely. An agency’s function informs how they choose to 
collect, manage and use environmental data. There is no single agency with responsibility for all 
environmental data.

2.2 What are environmental data?
Environmental data and its management are likely to mean different things to different people. 
An attempt at a working description is made a) to stimulate debate on this topic, and b) to 
determine the meaning of relevant terms when applied through this document.

Data are collected for a range of purposes to answer various kinds of questions. These range 
from management questions such as “where specifically should we do another possum control 
operation in this area?” to research questions such as “what effects do different levels of possum 
abundance have on canopy density and native bird recruitment in this area?”.  Reporting style 
questions can also include for example “was the residual trap catch in the contracted area low 
enough to justify paying the contractor?” These data often have many uses in addition to the one 
they were collected for. Data can often be reused over time if they are stored and curated 
properly.

Environmental data can take many forms. Data can be: 

• derived from routine or targeted surveys; 

• generated from experimental hypotheses;

• a collection (e.g. a record of a specimen in a herbarium);

• observations (e.g. a plant seen in the field);

• collected once, collected over a specified time period or is continuously collected;. 

• collected at different spatial scales (local, regional, national) and at different spatial 
resolutions (1m, 10m, 100m);

1 This sector includes aspects such as terrestrial and marine biodiversity, biosecurity, and ecosystems, water 
management, atmosphere, climate systems, land cover, land use, and land capability, environmental impacts of 
agriculture, industry, the environmental and services required for urban and rural sustainability.
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• collected by an individual and as a part of a project team/research programme

•  contributed to international distributed databases, (e.g. national climate network data and 
the global biodiversity information facility); and 

• part of normal operational environmental management activities.

2.2.1 What data do we have?
There is an enormous range and variety of environmental data in New Zealand. There are the 26 
Nationally Significant Databases and Collections (NSDs) mainly under the custodianship of the 
CRIs. There are also many large datasets held by the CRIs and universities. There are major 
datasets held by MfE, MAF, MFish, DOC, ERMA and the AHB. There are biological 
collections and associated databases held by a range of universities and museums. There are also 
water quality, climate and biodiversity datasets held by many local government agencies. Non-
governmental organisations such as the Ornithological Society, the NZ Plant Conservation 
Network and many others hold important datasets. In addition to these major datasets, there are 
many thousands of datasets generated within scientific research programmes, held by 
institutions and individuals.

To date, no comprehensive list of environmental data exists, even of those that could be called 
‘significant’. Various reports have been compiled over the last ten years, but none of these are 
close to complete and most are now out of date. A report for MfE (Froude, 2000) lists 66 
datasets of relevance to the marine environment. A list of publicly accessible environment-
related databases and collections in New Zealand (Statistics NZ, 1998) records 472 databases.

2.2.2 How are environmental data funded?
There are many different funding sources for the collection and management of environmental 
data. These include FRST and Marsden funded research programmes, CRI funded programmes 
(from capability funding and retained earnings), research funded by government agencies, 
operational activities of government and local government agencies, museum funding, initiatives 
by non-governmental organisations, and contributions of data from the public, and from the 
private sector.

There is huge variation in quantum, quality requirements, processes and sustainability across 
these different funding sources. There is also variation in the degree to which funds can be and 
are used for data curation, data management infrastructure, as well as variation in data access 
methods (as distinct from pure data collection).

For example, New Zealand has a number of collections used for biosystematics research. These 
include the Allen Herbarium, the NZ Fungal collection, and the NZ Arthropod collection. The 
ongoing maintenance of these collections are supported by the FRST-funded Defining New 
Zealand Land Biota OBI (Outcome Based Investment). The maintenance of the associated 
databases and access portals however are not funded as a part of this OBI, and are currently 
being supported by Landcare Research’s retained earnings.  

Another example is the Land Environments of New Zealand (LENZ) system. The development 
of the system was funded by MfE, however the underlying soils data layer originated from 
various FRST funded research projects, and is a part of the Land Resource Information System 
(LRIS), which is a Nationally Significant Database that is directly funded through FRST. 

A third example is EcoSat, a system for mapping ecosystem attributes from satellite imagery. 
The data in this system was not funded by FRST, while the research that produced the EcoSat 
technology (extracting the meaningful information from satellite imagery) was FRST funded. 
This technology is being used for the 1990 baseline assessment for Kyoto Protocol reporting, 
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and will be used for newer versions of the NZ Land Cover Database (where the data collection 
will be funded by MfE).

2.3 What is data management?
Data management is the application of human effort, tools and technologies to allow the 
extraction of highest value from the original investment in data collection - in other words, 
curating data so they retain their quality over time. It means making data available by digitising 
them (where appropriate) and storing them in reliable database systems. It means describing the 
data adequately with metadata so others can discover them. It means ensuring that data collected 
adhere to standards that will facilitate comparison and reuse over time. Data management means 
providing access to data for the people who want to use them, ideally in ways that best suit their 
needs. 

Good data management involves:

• consistent management models and institutional practices, 

• data operating standards including authenticity and quality controls, 

• an interoperable informatics middleware infrastructure, 

• sustainable budgetary planning and financial support for data curation, and 

• organisational cultures including institutional and individual reward structures that allow 
data to be stored for analysis, preserved for future reuse and shared. 

To understand the data management picture fully some further distinctions are necessary:

Data – records of observations or measurements. Often distinctions are made between primary 
data (the raw sets of values and basic semantics), derived data (the more structured and 
organised data that results from the analysis of primary data), and metadata (a structured 
description of the data, e.g. its chronology, collection method, dataset title, a brief description of 
the dataset’s contents and purpose etc). 

Data management infrastructure – the hardware and software that allows storage and retrieval 
of the data. These may be databases (such as relational, XML or geospatial databases) or data 
entry and reporting systems. For some types of data (e.g. water resource, weather and 
atmospheric data) the infrastructure also includes the measurement and sensor devices that 
record data, and the tools that automatically deposit those data into databases.

Informatics Middleware – tools required to share, compare and integrate data between 
different systems, datasets and organisations. This includes systems for authentication, security, 
attribution and provenance, metadata repositories, ontologies (e.g. organism names and 
taxonomies), query software that ranges across databases, data harvesters and topic-specific 
access portals that span several organisations or even countries, such as the Global Biodiversity 
Information Facility (GBIF).

Access portals – interfaces such as web portals that allow access to and/or contribution of data 
from outside the custodian organisation. These may simply allow extracts of data, or they may 
provide a way to browse individual records in some structured way. In some cases these tools 
may provide for access by other computer systems rather than by human users.

Analytical tools – interfaces that provide a way to interpret and make sense of underlying data. 
These include models, decision support systems, classification systems, maps, and others.
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Data ownership – having the intellectual property rights to the data

Data stewardship – taking responsibility for the data on behalf of someone else, in many cases 
the Crown. Stewardship involves responsibility for maintaining policies, standards, access 
authorisation, data sharing arrangements, and ensuring datasets have an appropriate custodian.

Data custodianship – the day-to-day management and maintenance of the quality, integrity, 
availability, and security of data, and provision of external access arrangements. This generally 
involves managing the information technology and data management infrastructure required to 
house the data.

Curation – the physical activities and practices required to meet the custodial responsibilities to 
ensure the data are preserved for the future in a useful and usable state.

For the purposes of this document the exploration of data management touches on the tools and 
systems which enable information and knowledge to be extracted from the data. This includes 
classification, spatial layers, web sites, semantic and decision support tools and models. The 
scope of this document does not specifically address written publications, however those are 
important within a nationally federated data and information architecture.

2.4 A federated model
A federated approach to a ‘whole-of-system’ view of environmental data in New Zealand has 
emerged and is gaining increasing acceptance within the organisations producing and using 
environmental data. This is because no one agency or system can feasibly hold all the data 
required for environmental research and management in New Zealand. There are many agencies 
and many datasets, with overlapping content and functions. Increasingly it is useful to be able to 
provide access to data across organisation boundaries, and to be able to share and compare data. 
The federated model provides interoperability and interconnection between datasets. This 
requires coordination and cooperation between agencies in order to work. Some components of 
the federated system will emerge through cooperation between individual agencies, whereas 
larger components are likely to require whole of sector leadership and coordination.

Within a federated model the concepts of stewardship and custodianship become as important as 
the concept of data ownership. This is because while in many cases the ‘ownership’ is with one 
entity (often the crown), the stewardship role may rest with one agency and the custodial role 
with another agency. For example, the vegetation survey data DOC collects on the conservation 
estate is ‘owned’ by the Crown, DOC is its steward on behalf of the Crown, and Landcare 
Research is the custodian, because they have the best data management system for those 
particular data. There are many other permutations of these roles. The use of sophisticated 
models allows for appropriate controls around property rights, privacy, and access, while 
allowing the data to be stored in the most sensible place and curated in the most cost effective 
way.

The Terrestrial and Freshwater Biodiversity Information System (TFBIS) programme has 
demonstrated the kind of cross agency collaborations necessary to allow a federated system to 
emerge for biodiversity data. NIWA’s recent move to providing free access to much of its water 
and climate data is another important move towards this state. Another example is the recent 
joint development between DOC and AHB of a mobile data capture application for possum 
residual trap catch data, where both the DOC and AHB data are being stored in AHB’s 
VectorNet system.  If funded, the Ocean Survey 20/20 data management stream has the promise 
to achieve cross-agency collaboration in the marine context.
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3 Strategic Context

This section provides an overview of the context within New Zealand’s environmental data 
management sits. It explores what is happening internationally, including strategies and 
obligations, international research data policy, and what other countries are doing in this area. It 
also reviews current trends in environmental science, management and technology. New 
Zealand specific context is provided including national data/information management strategies, 
and the state and direction of eResearch policy.

3.1 International context

3.1.1 International strategies and obligations
There are a number of international environmental accords and initiatives that New Zealand has 
joined. These include the Kyoto Protocol, the Convention on Biodiversity, the Group on Earth 
Observations, and the Global Biodiversity Information Facility. These all require increasingly 
sophisticated approaches to environmental data management. 

There is also an increasing shift towards global-level reporting on environmental issues. 
Commitments to reporting at this level (such as for the OECD) presume the nations in question 
will have established the requisite standards. 

3.1.2 Connecting New Zealand’s environmental data internationally
There are a number of international initiatives for federation of environmental data. These 
include: 

• Encyclopaedia of Life (EOL);

• Species 2000/Catalogue of Life; 

• Global Invasive Species Information Network; 

• Oceanographic Biodiversity Information Facility; 

• Global Biodiversity Information Facility; and

• The Global Ocean, Terrestrial and Climate Observing Systems (GOOS, GTOS and 
GCOS).

While some of New Zealand’s data have been integrated into these systems, many have not due 
to the lack of adequate data management infrastructure and curatorial resources. Where data 
have been integrated into those systems this process has largely been funded from outside New 
Zealand. 

Given the relatively small size of our economy compared to other nations New Zealand cannot 
contribute to every international initiative. There is value however in contributing to certain key 
initiatives, in particular the way it can provide better access to international research 
collaborations for New Zealand scientists.

3.1.3 International research data policy
A number of international bodies have considered the issue of research data management. These 
include the International Council for Science (ICSU), and the OECD. In 2004 the ICSU 
completed a Priority Area Assessment (PAA) on Scientific Data and Information as part of their 
overall strategy development process. To implement the key recommendations from the PAA 
relating to the reforms of ICSU’s own structures, the Strategic Committee on Information and 
Data was established in 2007.
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In 2007, the OECD revised their ‘Principles and Guidelines for Access to Research Data from 
Public Funding’. This put forward a set of principles promoting openness, flexibility, 
transparency, legal conformity, protection of intellectual property, formal responsibility, 
professionalism, interoperability, quality, security, efficiency, accountability and sustainability, 
wherever practicable. These are designed in order to increase the return on public investments in 
research. As part of the OECD recommendation, the principles and guidelines are not legally 
binding, however through long-standing practice of the member countries, is considered to have 
a great moral force. 

3.1.4 What other countries are doing
Many other developed countries have thought strategically about data management in the 
environment sector specifically and across the whole research sector generally. Countries like 
the UK, the USA, Canada and Australia have all implemented substantial budgets specifically 
for eResearch infrastructure. For example the Australian Government is investing over $8.3 
billion in research infrastructure and research over the period 2002 to 2011. This includes a $542 
million investment from 2006 to 2011 in research infrastructure under the National 
Collaborative Research Infrastructure Strategy (NCRIS). This has a particular focus on 
providing federated infrastructure to support a highly distributed research community. The 
NCRIS Strategic Roadmap states:

Major infrastructure should be developed on a collaborative, national, non-exclusive 
basis. Infrastructure funded through NCRIS should serve the research and innovation 
system broadly, not just the host/funded institutions. Funding and eligibility rules should 
encourage collaboration and co-investment. It should not be the function of NCRIS to 
support institutional level (or even small-scale collaborative) infrastructure;

As a part of NCRIS, Australia is undertaking a number of environmental data infrastructure 
projects:

• $55.2 million to establish an Integrated Marine Observing System (IMOS). This will 
provide an enhanced, nationally integrated capacity to collect marine data, draw them 
together and make them accessible to researchers and other users. Funding will support 
the provision of the wide range of instrumentation needed to observe Australia’s marine 
estate effectively, and to store, analyse, retrieve and share data for the eMarine 
Information Infrastructure once it has been collected. 

• $20 million for the Terrestrial Ecosystem Research Network (TERN). The TERN 
infrastructure will provide the capacity to collect and integrate data relating to key 
ecosystem components for a range of terrestrial ecosystems.  This capacity will enable 
researchers to conduct experiments, undertake analyses, and construct models, that 
contribute to the development of a dynamic and holistic understanding of Australian 
ecosystems at both large (including national and regional) and small scales (such as 
catchments or habitat).

• $10 million for the Atlas of Living Australia. This will provide ready access to the 
estimated $1 billion worth of collection data held in biological collections across the 
country.

As part of a separate programme CSIRO is investing $9 million in 2006–07 to commence the 
development of the Water Resources Observation Network (WRON). This will allow a national 
view of how much water Australia has now and can expect to have in the future, and how best to 
optimise water use.  
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In addition, as part of NCRIS a further $75 million is being spent on the ‘Platforms for 
Collaboration’ (NCRIS, 2006). This is a programme of work to implement technological 
platforms that enhance the research community’s ability to generate, collect, share, analyse, 
store and retrieve information. This includes data management infrastructure, computational 
infrastructure, and interoperation and collaboration infrastructure.

In the UK, the Natural Environment Research Council (NERC) has funded a number of data 
centres. It states:

The Earth is ever changing and tracing and understanding past changes in the 
environment plays an important role in the prediction of future change. Many of the data 
collected by NERC provide a unique and irreplaceable record of the environment.  
Measurements accumulated over decades and historical records dating back beyond the 
19th century provide a valuable resource to support research, survey and monitoring 
activities and for users in academia, government, the public sector, industry and 
commerce.

It is essential that data generated through NERC supported activities are properly  
managed to ensure their long-term availability. Our network of data centres provide 
support and guidance in data management to those funded by NERC, are responsible for 
the long-term curation of data and provide access to NERC's data holdings. The NERC 
Data Policy details our commitment to support the long-term management of data and 
also outlines the roles and responsibilities of all those involved in the collection and 
management of data.

NERC has data centres for atmospheric science, earth sciences, earth observation, marine 
science, polar science, science-based archaeology, terrestrial and freshwater science, hydrology 
and bioinformatics.

On the basis that environmental data management and repurposing would create cost savings, 
the United States National Science Foundation, amongst many other large eScience 
‘cyberinfrastructure’ projects, set up two organisations. These are the National Center for 
Ecological Analysis and Synthesis (NCEAS), and the National Evolutionary Synthesis Center 
(NESCent). They provide state of the art informatics tools to visiting and in-house scientists. 
This supports cross-disciplinary research that uses existing data to address major fundamental 
issues in ecology and allied fields, and provides neutral ground to bring researchers together to 
share data and approaches.

3.2 Environmental science and management trends
There are a number of important trends in environmental research and management that will 
require changes in environmental data management. There is a move for example towards more 
integrated and multidisciplinary research to improve understanding of environmental systems. 
This means researchers collaborating and sharing data across disciplinary boundaries, i.e. 
between physical sciences and social sciences. This includes data on resource uses and 
incentives (consumption of energy, water, land, different material goods) and their impacts on 
the environment.

An important trend is a growing awareness of the influence of global change processes on the 
environment. This includes carbon, nitrogen, and phosphorus effects on the ecosystem services, 
the effect of rising sea-levels, and the effects of climate change on native and alien organisms.

There is a trend towards more modelling and environmental sensing as approaches to achieve 
better understanding and monitoring of environmental processes, and to achieve improved 

Produced for MoRST by Julian Carver April, 2008



An Environment Sector Data Management Vision 19

environmental forecasting. Quantitative measurement of change is becoming more critical as a 
means of planning for the future and determining the effects of environmental policies. These 
approaches rely on high quality historical data, and are generating larger and larger volumes of 
new data, which must be well managed if they are to deliver value.

The focus on conservation issues in New Zealand is shifting from species based to community 
and habitat based approaches, and including land in private ownership. This means public-
private partnerships are of increasing necessity. These require increasing sophistication in terms 
of data quality, intellectual property rights management and privacy.

In some countries there is an increasing call for ‘evidence-based’ decision making. This is linked 
to a trend towards adaptive management techniques as the only pragmatic solution for dealing 
with complex issues that defy existing modelling capability. To be successful these approaches 
must be driven by data-centric monitoring and management.

3.3 Technology trends
Technologies to allow the federation of repositories (i.e. the sharing of information and tools 
across organisations) are rapidly gaining in sophistication and maturity.  There is a convergence 
of grid computing services standards and Web services standards.  Through both the Internet and 
advanced networks, researchers are shifting towards a new model for collaborative research. 
Datasets, modelling tools, and processing power can be drawn from different parts of the 
network in real time to work on specific problems or experiments in virtuo. The very nature of 
the science process is changing from ‘experiment – analysis – publication’ to ‘experiment – 
information discovery – analysis and data organisation –publication’, drawing upon data from a 
range of distributed sources.

Collaborative information tools such as blogs and wikis are starting to enable greater 
participation in international research projects.  Video conferencing and access grids also 
provide facilities to support greater collaborations.

As web services standards mature, the ability to safely and securely interconnect data in real 
time between different systems and organisations is improving.  As Geographic Information 
Systems tools improve and national standards are defined, the ability to visually combine data 
held by different organisations focused on a particular geographic area will enable improved 
resource management decision making in relation to pest control, habitat restoration, and 
ecosystems health.

All of this makes a more interconnected approach to environmental data management possible. 
As this takes shape it will be essential to focus clearly on the needs of the end-users of the 
information (both scientists and managers). This focus, and a ‘federated’ approach will both be 
necessary to ensure the technology comes together to achieve real world benefits.
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3.4 National strategies 
There are many cross-government strategies and initiatives that impact on environment sector 
data management.  The relationship between the relevant strategies and programmes currently 
under way in central government is represented in the diagram below.

These strategies and initiatives all point towards the need for more interconnection of 
information systems across agencies and the consideration of a ‘federated systems’ approach.  

Strategies, Funds and Initiatives relating to Environment Sector Data Management
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As is apparent in the diagram there are many strategies, initiatives, and participants. There are 
many uses of the emerging information systems (e.g. biodiversity, sustainability, water 
management).  Often these interagency relationships are complicated, with diverse and dispersed 
beneficiaries. 

3.5 eResearch in New Zealand

“In science we see a fundamental shift from theoretical and simulation-based research through 
to data-based research. Rather than come up with a model and simulate a model, people are 

repeatedly analysing data from comprehensive surveys and large scale sensor networks,”
- Nick Jones, BeSTGRID director, Auckland University

According to the MoRST web site, eResearch is:

“…use of web based tools to support real time data sharing and collaborations in research, 
science and technology.  Globally research methods are rapidly being advanced by 
developments in information technology.  All research now incorporates a powerful contribution 
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from collaborations.  Access to data, knowledge, information and supporting infrastructure 
assists researchers be more creative and to work fluently, irrespective of their geographical 
location.” 

The Kiwi Advanced Research Network (KAREN) connects New Zealand’s researchers with the 
rest of the world.  KAREN, a high speed optical fibre network connecting New Zealand’s 
research and education sector, was rolled out in December 2006. This significantly improved the 
facilities for researchers in New Zealand to participate in eResearch projects nationally and 
internationally.  
eResearch enables scientists in New Zealand to:

• Create new global research collaborations 

• Sustainably share and analyse data (and information) in real-time

• Preserve accurate archives of research information for reused

Researchers in New Zealand are now able to send and receive large quantities of data in real 
time, use enhanced virtual research environment tools (such as SAKAI ) and correspond 
efficiently with research collaborators by high definition video conferencing.  

As all research centres in New Zealand are KAREN members, they are able to connect to 
national resources such as High Performance Computers.  However, the network and computing 
resources are merely tools to support eResearch capability in New Zealand.
eResearch is at an early formative policy stage in New Zealand. MoRST is working on policy in 
this area and is fully engaged with national strategies which overlap this area such as the Digital 
Strategy and its refresh. Developments in eResearch policy and capability are very important in 
the context of environmental data management, as most environmental data are generated by 
research, or are of use to research.

There are elements of eResearch already in place in New Zealand, such as bioinformatics. 
Software such as Geneious has recently been released for GRID computing.  Grid computing  (a 
group of geographically distributed computational resources, which are linked together), is 
represented in New Zealand (amongst other projects) by BeSTGRID, (Broadband enabled 
Science and Technology Grid).  BeSTGRID is a collaborative project between the Universities 
of Auckland, Canterbury and Massey.  It has been set up to deliver tools and methods to assist 
eResearch collaborations.

There are various researchers all round New Zealand who are strongly engaged in incorporating 
eResearch to their mainstream studies.  This spans not only pure science disciplines, but also 
incorporates research in humanities and the social sciences.
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4 Vision 2015
In order to provide direction for planning action within the strategic context defined above, a 
vision for environmental data management has been developed. This is as follows.

It is 2015.  All environmental data in New Zealand are efficiently curated.  Data are available, 
easily located and quickly accessible to all who need them. National data infrastructures and 
common exchange standards allow data to be readily shared between different agencies, 
organisations and individuals in central and local government, research, NGOs and community 
groups. Stewardship and custodial roles and responsibilities are clearly defined for all major 
datasets. These roles and responsibilities are understood and respected by the environmental 
sector data management community and data and information users.

Data are well stored
There are large national repositories of primary data on water, atmosphere and climate systems, 
soils, land use and land cover, biodiversity, pests, and on our oceans and marine systems. These 
data are complete in spatial and temporal terms.  Historical data have been incorporated and 
updated, with more data regularly added, often in real time. Some of the datasets are large single 
repositories with one organisation acting as custodian, while others are federated systems 
connecting many smaller datasets. The collection of these data is done automatically using 
remote sensing techniques such as satellite imagery and LIDAR, and by sensor networks 
embedded into oceans, rivers, farms, forests, cities and countryside. 

Advanced collection, aggregation and federation methods
New Zealand has adopted leading edge sensor technologies and has developed some innovative 
sensor technologies of its own in particular niche areas. Some data are still collected by people 
in the field, however they are assisted by powerful mobile data entry and capture technologies 
equipped with global positioning systems, chemical sensors and genetic assay facilities. 
Community groups and NGOs can also connect to the underlying national informatics 
middleware infrastructure to source maps, classification systems and data dictionaries on place 
and organism names. In return any data they collect can be aggregated as part of larger scale 
reporting and scientific analysis.

Data are available for reuse
Data collected for research and operational management purposes are available to researchers 
and users alike on local, regional and national scales. This data sharing occurs between local 
government, central government agencies such as DOC, MfE, MFish, MAF, AHB, research 
organisations, museums, NGOs, landowners and private industry. Due to the development and 
widespread adoption of national standards and the availability of data sharing infrastructure, 
these data can be easily compared and combined in real time. Appropriate meta-data is attached 
to primary data so that the limitations of any dataset are clearly understood. Existing data is 
reused often as part of global research consortia projects. This assists with better understanding 
of environmental systems, more integrative research and the ability for research to be done faster 
and more cost effectively.

International collaborations
New Zealand researchers are actively involved in large-scale global research collaborations. 
These use advanced high-bandwidth networks to share data and provide access to high 
performance computing for modelling and analysis. Datasets can be connected with 
international initiatives and global federated data systems such as GBIF, Ocean Biogeographic 
Information System (OBIS) and Global Earth Observation System of Systems (GEOSS). Due to 
these data sharing networks environmental modelling, where appropriate, is now highly modular 
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and standardised. Models can be integrated and scaled beyond individuals and research groups 
to provide far more complete environmental forecasting nationally and globally.

IP, privacy and safety
Intellectual property, privacy and safety are well managed within environmental data 
repositories through mature policies and access measures. Researchers’ needs to hold data prior 
to publication are respected and understood. When data have high commercial value in the short 
term, such as water and atmosphere data used by the energy industry, access can be restricted. 
However the data are released into the public domain as soon as this short term advantage 
expires. Where appropriate, access to data is restricted for privacy and safety reasons. A national 
‘single-sign on’ federated authorisation system facilitates researchers’ access to information, 
ensuring easy access for those who are authorised. Many data are unencumbered by legal 
constraints and are freely available.

Data can be found and interpreted
Data are easily discoverable. There are central points of on-line discovery for different 
categories of environmental data and data can easily be found by location, type of data and other 
variables. Primary data can often be interpreted and used for decision making by non-experts 
through the use of derived information layers and tools. These include classification systems, 
models, maps and decision support systems. Data can be easily combined from different sources 
and visualised in all four dimensions (i.e. spatially and temporally) using virtual globes and 
online GIS systems. Increasingly these tools encapsulate the complex series of driving variables 
that are required in environmental decision-making. Managers understand the utility and 
limitations of these tools, relying on a sound balance of resulting information and consultation 
with expert scientists in the relevant domains.

The implications of this vision are as follows:

Research

• New Zealand scientists are experienced in using eResearch tools and methods. This 
ensures cost effective, high quality science as well as the ability to deal with challenges 
faced.

• New Zealand’s collaborative eResearch infrastructure is so good that scientists are 
motivated to put their data into connected repositories because of the benefits it provides 
them in the national and international research environment. 

• Facilities provide access to international data, expertise, knowledge and contributions of 
research effort.  This attracts external funding and ensures stimulating work that allows 
New Zealand to retain and recruit world-class scientists.

• New Zealand is advanced in the adoption, development and implementation of new 
environmental measurement and sensor technologies and associated systems and models 
that can use resulting data to advance knowledge and decision-making.

• Extensive, high quality environmental data enables New Zealand to be at the forefront of 
research and development of new economic models.  These models can be used for the 
valuation, eco-verification, trade and management of environmental variables such as 
carbon, embodied water, biodiversity values and ecosystem services.

Produced for MoRST by Julian Carver April, 2008



An Environment Sector Data Management Vision 24

Environmental Management

• Accurate environmental forecasting of natural hazards and of the potential impacts of 
resource exploitation on ecosystems and ecosystems services.

• Better information for policy development in areas such as climate, water allocation, 
water pollution, fisheries, agriculture, resource management, and hazard preparedness.

• More precisely targeted and cost effective biodiversity and conservation inventory, 
monitoring and management.

• Earlier prediction and detection of biosecurity incursions and rapid responses to 
incursions based on live access to data across a range of agencies.

• Thorough and accurate national State of the Environment reporting done through semi-
automated systems, bringing cost efficiencies.  Trend monitoring and testing of the 
effectiveness of national and regional environmental management policies.

• Clear environmental standards and access to data enable community groups to engage in 
an informed way in conservation and restoration activities.

• Advocacy on environmental issues with local government agencies.

Economic

• Open access to environmental data creating a platform for a thriving innovation 
community that develops equipment, tools and value added services. This supports cost 
efficiencies or improved outcomes of environmental management locally, nationally and 
internationally.

• Good data, excellent science and well informed policy assists environmental variables to 
inform economic decision-making (such as carbon neutrality) in New Zealand at all 
levels. 

• Measurable and auditable environmentally sustainable performance is enabling our 
international export and tourism industries to continue to thrive.
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5 Challenges and Solutions
There are a number of system wide challenges that may impede progress towards the vision. 
These are outlined along with potential solutions.

The challenges are:

• Achieving stronger positive leadership for the whole sector 

• Effecting greater investment in infrastructure

• Ensuring cost-recovery policies for data do not cause under-utilisation

• Improving funding for the ongoing maintenance and management of data

• Creating positive incentives for data sharing

• Achieving clarity over intellectual property 

• Implementing standards for environmental data

5.1 Coordinated leadership across the sector
Sectors like Justice, Health and Education have all had specialists in the large lead ministries 
championing a strategic and coordinated approach to federated architectures, standards and data 
access.  

The environment sector in New Zealand is more distributed and less clearly bounded than the 
above sectors. A risk of this structure is the absence of responsibility for generating a vision and 
providing data management leadership at a whole-of-sector level. Environment sector data 
management-related initiatives often involve complex sets of interactions between a range of 
agencies, often with no single agency mandated to lead overall. 

Coordinated sector-wide leadership in environmental data management will be necessary for:

• standards development and advocacy for their use; 

• making large infrastructure investment decisions; 

• designing intellectual property policies; and 

• improving interoperability of systems. 

Without coordinated leadership, agencies’ different functions and mandates and the different 
contexts in which they use data present hurdles to achieving the vision, and could have flow-on 
impacts on New Zealand’s ability to achieve its environmental sustainability goals.

A potential solution to this challenge would be to constitute a sector wide working group on 
environmental data management. This group could help coordinate action, and facilitate 
cooperation around large federated informatics middleware investment decisions.

5.2 Investment in infrastructure
Under the initial funding models for CRIs there was an expectation that full-cost funding would 
allow adequate internal investment in database maintenance and data infrastructure. The CRIs 
have made some real progress over the last ten years in building their data management 
infrastructure through internal investment. With this and funding through the TFBIS 
programme, they have begun providing external access to their databases via web portals. 
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This internal investment has, however, been difficult to sustain in a declining (in real terms2) 
FRST funding context for environmental science. Landcare Research has discontinued internal 
investment in its data management infrastructure. In addition, the separate funding for the 
NSDBs has been unpredictable, occurring as static (non-inflation adjusted) sums, some ad hoc 
one-off top up investments for maintenance and development, and more recently inclusion of 
some NSDBs within Outcome Based Investments. 

The current funding models for the NSDBs envisaged the stewardship of those databases and 
collections primarily for the purposes of science. They envisaged some limited external use of 
the data, delivered manually in batches on CD or tape, for the cost of dissemination. 

However NDSBs and other databases are increasingly being used for purposes other than 
science. They are being accessed directly over the web by end users in central and local 
government, both to answer particular questions and as repositories for their data. Central and 
local government agencies however have been reluctant to pay the level of user charges that 
would be required to support the development and maintenance necessary to continue to provide 
and improve external web based access for these databases. This is because in many cases the 
data were collected through public funding (for science purposes) and government policy 
stipulates that the data must be provided at cost of dissemination, not at marginal cost. In other 
cases there is simply confusion and conflict about the intellectual property rights and appropriate 
charging regimes for particular datasets. 

There have been some moves to address the above challenges through the ‘stable funding 
environment’ and ‘science backbone’ initiatives. Potential solutions to these challenges include, 
in alignment with the current ‘Science Backbone’ process:

• Identifying the true cost of maintaining each national environmental data asset to an 
acceptable level

• Providing new funding (through the science system, or otherwise) for whole-of-sector 
environmental data management infrastructure and advanced informatics tools 

• Maintaining funding at an appropriate level to support national environmental data assets 
on an ongoing basis. 

5.3 Charging leads to under utilisation
NIWA recently made all its climate data freely available through the web interface package 
CliFlo, even though it has the right to charge at least cost of dissemination for these data and has 
been doing so for the last decade. 

In the first three months of free climate data, 1314 users had subscribed including 79 from 
overseas. This compares with a previous maximum of 120 users. 55 million rows of climate data 
were downloaded during this first 3-month period compared with 12.6 million rows for the same 
period last year (when charging was in place).

This shows that when access is free, significantly greater utilisation of data occurs. NIWA 
reports that access within educational institutions has increased dramatically. This could enable 
greater levels of graduate research using real climate data, and more trained scientists coming 
into the workforce with improved understanding and knowledge. 

Free and open Internet-based access to environmental data also has benefits in terms of 
environmental management and commercial good. For example, an entrepreneurial academic 
from Melbourne, Australia has developed a model for site-specific design data throughout New 
Zealand using NIWA’s climate data.  This model can predict the practical requirements and 
2 See the MoRST Environment Roadmap, page 20
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performance of heating, ventilation, air-conditioning, and rainwater harvesting systems for 
sustainable building designs.  The scientist was previously unable to afford access to the NIWA 
climate data, but now that they are freely accessible his work is being made available in New 
Zealand.

In this new world of web-enabled access, even charging for data at the cost of dissemination is 
an impediment to optimal utilisation. It reduces potential benefits to environmental management, 
education, and commercialisation in New Zealand.

Solutions to this challenge involve policy frameworks and funding regimes that encourage the 
provision of free web-enabled access to data.

5.4 Funding for ongoing maintenance
Increasingly, research outputs are delivered as information systems and tools. In the current 
system however there is generally very little funding available for the ongoing maintenance of 
those tools. Maintenance costs are often not factored into the original budgets.  

The same is true for funds like TFBIS. The programme has no ability to make grants for 
ongoing system maintenance or data curation. While CRIs have used retained earnings to fund 
maintenance this has been difficult to sustain. As explained further below, attempts to charge 
fees for access have met with confusion and resistance from end users.

The importance of funding libraries to retain, archive and make print publications accessible has 
long been recognised. In a similar way, data require specific resourcing to allow them to be 
curated over time, made accessible to those who need them, and archived for future 
requirements. Without these structures for environmental data it will be difficult to achieve 
widespread use. The hundreds of millions of dollars that have gone into collecting those data 
over time will fail to produce their potential dividends if the data become inaccessible. 

As the volume of data required to understand and manage the environment increases, providing 
adequate funding for ongoing maintenance of systems will be important.

5.5 Incentives for data sharing
Many people interviewed believed that the funding and incentive structures for the transfer of 
science outputs do not support desirable levels of data management and access. FRST recently 
conducted a ‘Study of Accessibility and Transfer of Information from Foundation-Funded 
Research’. This found that: 

FRST funding levels have not kept pace with technology developments for the transfer of  
research results, nor for either NSDBs or other databases. The means of access 
envisaged in the FRST contracts are publications, workshops, seminars and conferences 
and while useful, are not the primary ways users want to access research results. Users 
either want direct access to data or in the majority of cases derived products that can be 
accessed via the web tools that CRIs have developed at their own cost.
(Lawrence 2006)

These contractual outputs motivate researchers to focus the majority of their ‘knowledge 
transfer’ efforts on the preparation of contract reports and journal publications rather than on the 
curation and sharing of primary data and the development of tools to allow interpretation of 
those data. The Australian Working Group on Data for Science in their report ‘From Data To 
Wisdom: Pathways to Successful Data Management for Australian Science’ noted that:

Scientists will often not share data because of a perception that restricting access to data 
imparts a competitive advantage for the custodian when it comes to applying for grants.  
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Our grants system needs to combat this perception by rewarding collaborative activities  
which promote re-use and data sharing.

These challenges could be addressed by:

• Funding information transfer through deposit of data into established databases as a part 
of research contracts

• Structure IP ownership using ‘greatest public good’ criteria for FRST contracts. Have the 
IP on the data vest in the most appropriate place given the potential users of the data and 
their ability to pay. 

• Establishing procedures to ensure that when budget bids are made for large systems by 
central government agencies in the environmental sector, thought is given to whole-of-
sector benefits in addition to benefits to the specific agency. 

5.6 Intellectual property confusion
The New Zealand system for ownership of intellectual property in environment data and 
information is complicated and can lead to misunderstandings. There are a number of different 
funding sources for the collection of these data, their ongoing curation, and the development and 
maintenance of the systems that support them. Some of these funding sources are public, and 
some are private (either private sector, or internal investment by CRIs). This multiplicity of 
funding sources and associated variations in intellectual property agreements determining data 
ownership can lead to confusion for end users requesting those data. Access to some datasets are 
charged for while access to others are not. Charges vary from:

• the cost of staff time to deliver the data (i.e. cost of dissemination)

• staff time to transform the data into a form able to be interpreted by the requestor (i.e. 
short run marginal cost)

• recouping the costs of development of web-based interface tools

• the cost of either gathering the data and / or investing in data management infrastructure 
(both long run marginal cost charging).

A recent FRST report (Lawrence, 2006) found that:

[CRI data access] Practices are consistent with current government policy guidelines 
and FRST contract provisions. There is some variation across and within CRIs in terms 
of what is free and what is charged for. 
However, the public and user understanding of access to publicly funded research 
results do not equate with the government policies governing access.

Users are often not aware of the non-publicly-funded resources that have been invested by CRIs 
in data curation and systems development. Misunderstandings in these areas can lead to mistrust 
and the building up of a self-perpetuating mythology of proprietary behaviour.

Potential solutions to this issue include:

• Removal of some charging regimes through more direct investment in underlying 
infrastructure and systems 

• Prepare a clear guide about government policies regarding access to research data and 
information, explaining how data collection is funded, by whom and what is owned by 
CRIs and what they can charge for. 
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5.7 Standards
The lack of widely adopted standards for data collection and exchange are a potential 
impediment when it comes to comparing data across different spatial scales. This is particularly 
true when comparing the data collected and held by local government, the Department of 
Conservation and CRIs. 

It should be noted that internationally CRIs are well engaged with data exchange standards 
development. This has not always filtered through into data collection standards nationally 
however. The lack of standards adoption across all levels of government represents a real 
impediment to effective data management.

Solutions include:

• Encouraging agencies to adopt international best practice for management of datasets 
where appropriate 

• Developing standards for data interoperability across CRIs and government agencies

• Involving the State Services Commission in bringing appropriate data management and 
data exchange standards within the e-government Interoperability Framework (e-GIF)
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6 A Framework for Action
The challenges and potential solutions for environmental data management will require a new 
framework for conceptualising how to fund and provide access to data across different 
organisations.

Up until relatively recently there were only two possible models for data management across the 
environment sector – centralised, and decentralised. The centralised model involved having one 
large system that other organisations accessed remotely. These kinds of systems by necessity 
were managed by one agency. They had benefits such as standardisation and comparability of 
data, and downsides such as of lack of fitness for multiple purposes, and lack of ability to 
introduce new features quickly. The decentralised model involved each agency managing its 
own data. Data could be made available to other agencies on request, and required specific effort 
to extract and transfer. The advantages of this approach were local autonomy and adaptability, 
and the disadvantages were increased cost (each agency reinventing the wheel), charging 
regimes which discouraged use, and lack of ability to easily share and compare data across 
organisations.

With advances in information technology an approach has emerged that combines the best of 
both previous models. This is the federated approach. For each of the layers in the data 
management ‘stack’ different levels and types of coordination, standardisation, autonomy, and 
funding are most effective. This is shown below.

Decision
Support
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Agency Specific
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BRAD, CAS)

Research
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Data Dictionaries (e.g.
organism names)
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GIS Tools Statistical Analysis Tools Data Search and Discovery Tools
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Collections
Data
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Climate

Pest Control
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Network Infrastructure Layer
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as shared informatics
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through individual
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Science Backbone
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user pays access

Data Access
Interfaces/Services

A federated model for access to data has many potential benefits. These include cost 
efficiencies, comparability of data across organisations, and improved coordination of activities 
across research and environmental management. In addition, a federated model is likely to 
enable a technology ecosystem where new tools, innovations, and entrepreneurial approaches 
will emerge. These will range from pure public good, to social entrepreneurship (for example 
through innovations by individuals and NGOs), to value added commercial applications and 
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services. These could be delivered by combining data and services from a range of sources 
irrespective of their location. 

The success of this approach has been borne out by Web 2.0 businesses such as Google (with 
Google Maps), Amazon (with their eCommerce engine that enables thousands of businesses to 
sell books through their own web sites) and Facebook (by enabling third party providers to 
develop applications that run in Facebook). These organisations have provided platforms on 
which others could develop. They have harnessed workforces far greater than they could directly 
employ. The approach has also been successful in large research projects such as the Human 
Genome Project. During this project a collaboration was established between eleven 
pharmaceutical companies who shared research data on discoveries of single nucleotide 
polymorphisms (SNPs), and put these in the public domain. This meant that each company 
could develop new (proprietary) drugs far more quickly, cheaply and safely than if they had 
each tried to create such a resource. They cooperated on the underlying data and infrastructure, 
and competed further up the stack.

This is the same direction that the overall science community is moving with eResearch. 
Examples of this already working well in the environment sector in New Zealand include the 
National Vegetation Survey Databank, NIWA’s Freshwater Biodiversity Information System, 
and NIWA’s climate and water data.

By leveraging standards, providing whole of sector governance and coordination, and investing 
appropriately in the underlying infrastructure, the environment sector is likely to be able to 
achieve much more. It should result in the development of data services and interpretive tools. It 
is also likely to enable more contributions of data from NGOs, community groups and the 
general public.
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7 Action Plan
New Zealand has the opportunity to create a sophisticated and effective national environmental 
data management system. This will involve taking a federated approach and investing in the 
right way and at the right level in different ‘layers’ in the system. This will allow participants to 
leverage the wealth of environmental data to make real improvements in research, education, 
management and where appropriate commercialisation and industry. It will contribute to New 
Zealand’s sustainability and economic transformation goals.

A set of actions are proposed to help achieve the vision. These are split into two streams as 
follows:

1. Aligning existing actions:

• Establishing a sector wide leadership and governance group for environmental data 
management 

• Alignment of new environment sector data management initiatives with science 
backbone policy 

2. Planning new investment:

• New investment stream for environmental data management and infrastructure

• Establishing sector wide approaches to architecture, data rescue, standards, policies and 
practices

These actions are intended as a starting point for discussion. They do not necessarily represent 
MoRST or other agencies’ policies, and may not currently represent a sector wide consensus 
view.

7.1 Aligning existing actions

7.1.1 Sector wide leadership and governance group
Coordination of whole of environment sector data management is difficult as the sector is 
diverse and there are many overlapping areas, agendas and priorities. In order to address this, the 
establishment of a whole of sector group is proposed. This would include representatives from 
the main government agencies and CRIs, (specifically MfE, MAF, MFish, Statistics NZ, DOC, 
Landcare Research, NIWA and GNS) as well as regional councils. Responsibilities of this group 
could include: 

Immediately:

• Reaching consensus on the major environmental data management issues and priorities 

• Determining whether a sector wide data/information strategy is required

• Determining the level of effort that should be put into national interoperability and 
architectural frameworks for environmental data

• Determining the priorities for work necessary on whole-of-sector standards and data 
sharing policies

• Determining what appropriate investment levels (i.e. actual costs) would be for national 
environmental databases and informatics middleware
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In the medium/longer term:

• Ensuring that individual agency and crown investments in data management and 
infrastructure will facilitate improvements in the current situation, and contribute to 
making ‘the whole greater than the sum of the parts’ 

• Ensuring CRIs’ actions as data stewards of national assets can be well coordinated

• Aligning priorities with whole-of-research-sector, whole-of-government initiatives and 
priorities, and specific environmental sector strategies (such as TFBIS, Biosecurity 
Science Strategy) 

• Providing input into the budget bidding processes for MoRST, MfE, MAF, MFish and 
DOC to acquire necessary funding to achieve an environmental data management system 
with federated access

• Proposing and setting up longer term leadership and governance structures – for example 
whether a whole of sector working group should continue 

7.1.2 Alignment with Science Backbone Policy 
A policy framework is currently being developed by MoRST to provide separate funding 
arrangements for assets that “are required over the long term to support a broad range of RS&T 
activities”  (MoRST, 2007). This signals the introduction of a separate output expense for 
backbone activities.

Given that only seven of the existing 26 NSDBs are not strictly environmental in scope and even 
those (primarily geophysical in nature) have some impact on the environment, alignment with 
the science backbone policies is important for environmental data management.

In the context of environment sector data management this could mean:

• Ensuring that shared data management infrastructure can be funded through the science 
backbone (as distinct from individual NSDBs)

• Exploring to what extent informatics middleware would become part of the science 
backbone

• Ensuring that criteria for inclusion of other databases (that are not currently NSDBs) in 
the science backbone output expense are conducive to achieving the vision in this 
document

• Making sure that environment sector stakeholders are thoroughly consulted on any 
changes to funding, service levels, or access regimes that result from the shift to the 
science backbone model

• Demonstrating whole of environment sector alignment on priorities and rationale for the 
level of expenditure required on environment sector relevant parts of the science 
backbone, to influence budget processes
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7.2 Planning new investment

7.2.1 New investment in environmental data management and informatics 
middleware

The Environment Roadmap determined three information management related aspects that were 
important to improve the way environmental science was carried out.

• data management, including inter-operability of datasets and data standards to support 
more effective curation of data across the environmental sector;

• scaling down datasets (through, for example, classification systems) to a level that is  
useful to environmental managers and scientists; 

• collecting information that uses state-of-the-art environmental sensing technologies to  
provide real- environmental management community.

These all require reliable, stable infrastructure to provide a) the base platforms for data storage, 
b) the ability to combine data across multiple sources for integration into ‘scaled down’ tools, 
and c) databases that will support large volumes of new data from environmental sensors. 

In alignment with the current ‘Science Backbone’ process the following is suggested:

1. Once off additional funding for whole-of-sector environmental databases and connecting 
infrastructure of national importance. This would include:

• Investment in individual databases and data management infrastructure, for existing 
NSDBs and for other significant non- NSDBs 

• Investment in data management infrastructure and informatics middleware necessary 
to achieve optimal outcomes from environmental data

This pool of money would recognise the required step change in levels of funding for 
data management necessary to achieve New Zealand’s environmental and economic 
goals. This one off funding investment should ideally be proportionately comparable 
with the investments other OECD nations have made in environmental data 
management.

2. Identify the true cost of maintaining each national dataset to an acceptable level 
including the cost of effective data curation. 

3. Maintaining funding at an appropriately increased level to support national 
environmental datasets on an ongoing basis. This would include individual databases, 
and infrastructure including ‘whole of sector’ systems that have both research and 
operational management benefits, and the curation of those data. 

These funds could be restricted to just research agencies, or might be made more widely 
available. To gain access to these funds agencies would be required to:

• Collectively agree on priorities for the expenditure of that initial pool of money, in terms 
of individual database upgrades, data curation, and infrastructure components. NB This 
is similar to the successful model used by EnviroLink.

• Identify which existing databases and infrastructure components they would like to have 
funded under this scheme as backbone assets (as this may have some IP ownership 
implications for CRIs).

This would begin the process of encouraging a more coordinated, sector wide approach, 
providing the necessary policies and funding to drive an effective national environmental data 
management system to achieve the vision in this document.
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7.2.2 Environment informatics middleware, architecture, policies and practices
If the above can be achieved, the following are a set of potential specific actions that could be 
initiated

Architecture and planning:

• Develop an Environment Sector Architectural Framework – taking initially a high very 
level approach to start documenting systems and linkages, identifying gaps, solutions to 
those gaps and areas of commonality where architectural patterns can be shared

• Recognise GIS as a key connection point for environmental sector data 

Informatics middleware:

• Develop an Environmental Data Metadata directory/portal utilising technologies like 
New Zealand Geospatial metadata standards, Open Archives Initiative metadata 
harvesters, the existing New Zealand Institutional repositories initiative and global 
standards through Oasis. This would provide a repository for metadata and links to the 
range of environment sector databases, information tools and other resources. 

• Establishing robust technology mechanisms for data attribution, security and provenance. 
This would include data citation mechanisms explicitly built into New Zealand’s 
infrastructure

Policies:

• Prepare a clear guide about government policies regarding access to research data and 
information, explaining how research is funded, by whom, and what data is owned by 
CRIs and what they are reasonable allowed to charge for. 

• Fund information transfer through deposit of data into established databases as a part of 
research contracts. Require adequate data management planning by researchers as a part 
of contracts. Ensure new money is available for this.

• Structure IP ownership using ‘greatest public good’ criteria for FRST contracts, rather 
than always vesting IP in the research institute, or always in the Crown. Have the IP in 
the data vest in the Crown in some cases and in the CRI in other cases (i.e. where there is 
a real commercial market for the data as distinct from central/local government 
customers)

• Establish procedures to ensure that when budget bids are made for large systems by 
central government agencies in the environmental sector, thought is given to whole-of-
sector benefits in addition to benefits to the specific agency. This could be done by 
review coordinated by or delegated from the SSC, or by the whole-of-sector working 
group.

• Develop more sophisticated economic models for valuing environmental data and 
infrastructure as a national resource, explaining the ways they contribute to economic 
transformation

Standards:

• Encourage agencies to adopt international best practice for management of datasets 
where appropriate (e.g. provenance metadata standards for datasets, access policies)

• Develop standards for data interoperability across CRIs and government agencies

• Involve the State Services Commission in bringing appropriate data management and 
data exchange standards within the e-government Interoperability Framework (e-GIF)
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