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Summary

Project and Client

The Regional Council Land Monitoring Forum (LMF) and Landcare Research are
collaborating on the project, which runs from January 2010 to December 2011

The project aims to design a national Land Use Database (LUDB) consisting of: a land
information engine for collecting, synthesizing, generating, reporting and storing land-
use information; a classification to represent land use consistently across multiple
scales; and an associated geospatial land-use layer to quantify and analyse land-use
trends.

Objectives

Prepare a development case for the Land Use Database (LUDB) based on gaps and
priorities identified from the recent LUDB Gap Analysis and Prioritisation Report
(Morgan et al. 2010) and discussions based on a recent presentation given by project
team members at the Land Monitoring Forum meeting held in September 2010 in
Blenheim

Develop draft specifications for the LUDB for review by the LMF

Finalise LUDB specifications in agreement with the LMF following their review.

Development Case

Based on the results of the gap analysis and prioritization report, the following characteristics
are necessaryfor the LUDB:

Flexibility — accommodate a range of data input sources, land-use classifications, and
associated methodologies

Adaptability — able to evolve and accept new input data, methods, etc., over time

Memory — store all input information, methods, classification schemes and associated
metadata to allow regeneration of land-use information to go forward.

Repeatable — a user can generate land-use information on an as-needed basis

Authoritative — holds metadata and other information documenting all processes
undertaken to generate land-use information, e.g., steps taken to generate a particular
land-use classification are recorded for future reference, as opposed to just storing the
classification itself.
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NZ Land Use Database and Classification — Draft Database Design Report
LUDB Design Considerations
The conceptual design of the LUDB will be a system consisting of five elements:
1. Transformation Tools and Data Input
2. Atomised Data
3. Land-use Classifier
4. Land-use Layers
5. Data Portal, and/or Public Website.

For this project, a more limited first-generation Land Use Database (LUDB) will be
developed given available resources. This creates a number of design considerations for
review and selection by the members of the LMF. In the longer term, it is hoped that the
LUDB will evolve and grow to accommodate a wider range of input data sources, land-use
classifications and classification methodologies, and output land-use geospatial data layers.

There are five key design considerations for the LUDB. Those design considerations are
interrelated such that choices made for one consideration may affect or limit the choices
made for another consideration.

1. Available Data Sources
What input data sources are available for use in the first generation LUDB?
Given available resources, this project will restrict input data sets to those that are
publically available and nationally consistent. Those include the Land Cover
Database, Land Resource Inventory, Land Environments of New Zealand, and
Census. In addition LMF members have been asked to identify and nominate 1-3
council-held data sources for possible inclusion in the LUDB. Those data sources
must be nationally consistent or made to be so within the timeframe of the project.

2. Data Transformation Procedures
What transformation procedures need to be developed for the available input data
sources?
For each input data source we will develop a procedure to transform input data into a
format suitable for the LUDB. Tools developed for national datasets will be standard
while tool developed for council datasets will likely require some level of
customisation. Because data transformation procedures are dependent on the input
data sources, they cannot be defined until those data sources are selected.

3. LUDB Structure and Delivery Method
What is the preferred structure and delivery method of the LUDB?
LUDB can be delivered as either a Local Tool (i.e. installed at a council) or a Web
Tool (i.e. accessible over the internet). Selection of either option will influence the
structure of the LUDB, as each relies on somewhat different architectures and
technologies. Also each option has its own benefits and drawbacks:
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a. Local Tool
i. Benefits: Fully transparent; council staff can make changes directly

ii. Drawbacks: Potentially easily “broken;” may require specific
infrastructure requirements such as software licences; harder to update;
requires space on council systems

b. Web Tool

i. Benefits: Less likely to be “broken” by a user; more general although
some web browsers may not work as well; easier to upgrade/maintain;
less or no space required on council systems

ii. Drawbacks: Less transparentl; initially harder to make changes.

4. National Geospatial Land-Use Layer Specifications
What are the specifications for the geospatial land-use layer that the project will
deliver?
The project will deliver a national geospatial land-use data layer. This requires
agreement on several options including format (vector, raster), projection (New
Zealand Transverse or New Zealand Map Grid), and spatial, temporal, and
informational resolution subject to what is feasible given available input data sources.
Based on discussions at the recent LMF workshop, LMF members indicated that they
need to consult with other staff at their organisations to determine the preferred
specifications for the geospatial data layer. There is a possibility that the LUDB may
be able to deliver mutliple specifications, but that will require further investigation.

5. National Land-Use Classification
What land-use classification is desired?
Development of a preferred nationally consistent, cross-council land-use classification
is the subject of a separate concurrent work stream within the project. However, we
have included information on six existing land-use classifications in this report for
LMF members to reference as they work through that process.

a. Land Use New Zealand

b. Creating Futures Land Use

c. AgriBase

d. Environment Canterbury Land Use for Water Quality
e. LINZ Land Use for Rating Valuation

f. Land Use and Carbon Analysis System (LUCAS).
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NZ Land Use Database and Classification — Draft Database Design Report
Next Steps

The report outlines five key considerations for the design of the LUDB that LMF members
must consider. The next step are as follows:

1. Report circulated to LMF members for review and consideration along with an
accompanying worksheet that helps guide LMF members through the steps needed to
address the design considerations

2. LMF members address the design considerations outlined in the report

3. LMF members and project team members discuss the five key design considerations
at a workshop in February 2011 and agree a set of preferred alternatives, including a
draft national land-use classification

4. Project team members finalise database design and the draft land-use classification
based on feedback received and workshop discussions and circulate them to LMF
members.
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1 Introduction

The New Zealand Land Use Database Project is a 2-year Envirolink Tools project running
from January 2010 to December 2011. The Regional Council Land Monitoring Forum and
Landcare Research are collaborating on the project, which aims to develop a national Land
Use Database (LUDB) consisting of:

. Land Information Engine — for collecting, synthesising, generating, reporting and
storing land-use information

. Classification — for consistently representing land use across multiple scales

. Geospatial Land Use Layer — for quantifying and analysing land-use trends.

The LUDB will benefit all regional councils, as well as city and district councils, relevant
central government ministries and departments, and other agencies with an interest in better
land-use planning in New Zealand. Intially the LUDB will cover the North, South, and
Stewart islands and inshore islands. The Chatham Islands and offshore island groups will not
be covered. The LUDB will help both regional and city/district councils plan the appropriate
allocation and distribution of land uses within their jurisdictions to help deliver multiple
beneficial outcomes to their constituent communities. For example, councils could enhance
and restore native biodiversity by targeting conservation and pest management efforts or set
reserve high-quality lands for agricultural production. They could recommend or require
improved land-use management practices to foster sustainable primary production, or they
could better accommodate growth by directing future urban land uses to appropriate
locations.

More important, better land-use information will help councils and other organisations
outline the choices and trade-offs among different land-use configurations and help identify
the long-term consequences of different land use change trajectories. For example, a recent
study showed that urbanisation disproportionately affects New Zealand’s most versatile and
productive soils (Rutledge et al. 2010), which could impact negatively on New Zealand's
primary production capacity in the long term. Better knowledge of land use and land-use
change could help prevent such irreversible losses.

By developing a nationally consistent framework for the collection, analysis, dissemination,
and reporting of land-use information, the LUDB will also provide all councils within New
Zealand with the ability to monitor and report on the state of land use within their
jurisdiction. Similar to databases or tools developed for other purposes, such as the suite of
environmental classifications (Land Environments of New Zealand, River Environment
Classification, Fresh Water Environments of New Zealand), access to better land-use
information will help councils identify and articulate significant resource management issues
and formulate plans and policies that promote the sustainable use of natural resources.
Because it will include spatially explicit information, the LUDB will aid the explicit
delineation of potential costs and benefits of different land-use configuration and foster
improved deliberation processes in all council planning and management activities.

This report serves as a discussion document for consideration by members of the Regional
Council Land Monitoring Forum Special Interest Group (LMF) to help them decide on key
aspects of the LUDB design. First, it addresses gaps and priorities identified in the first phase
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of the project (Morgan et al. 2010). Second, it outlines a broad conceptual approach to LUDB
design. Third, it presents a list of questions and options for the LMF to consider and decide.
The choices made will influence the further development of the LUDB in this project.

2 Background

Robust information on land use is critical for effective policy, planning, and resource
management. Yet New Zealand has no enduring, coordinated, and consistent approach to the
collection, analysis, curation and reporting of land-use data (Rutledge et al. 2009). Instead, as
documented as part of a survey in the first stage of this project (Morgan et al. 2010), land-use
information is compiled from a variety of sources collected using different methods and at
different scales. Regional Councils reported 27 different sources of land-use information,
with the top 5 being (in order of frequency):

. Land Cover Database (LCDB)

. AgriBase

. Remote Sensing (Air or Satellite Photos)

. New Zealand Land Resource Inventory (NZLRI)
. Statistics NZ (Census).

The remaining sources spanned a broad number of information types ranging from direct
observation, such as monitoring sites, to derived or re-interpreted information, such as
specific land-use classifications created for specific projects (Morgan et al. 2010). For
example the land-use classifications created for the Catchment Land Use for Environmental
Sustainability (CLUES) and Creating Futures projects are both recompilations of other data
sources (Woods et al. 2008; Rutledge et al. in press).

Of the top five land-use data sources, only Agribase and the Statistics NZ provide direct
information on land use. That is because both are based on surveys of people using the land.
AgriBase is an annual survey of farmers and their land-use practices. Statistics NZ undertakes
periodic surveys of the general population (Census) and businesses to compile statistics that
yield some information on land use, e.g., dwellings (residential). Land cover and remote
sensing provide information on the biophysical characteristics from which land use can be
inferred, with varying degrees of confidence. The NZLRI operates similarly by supporting
inferences about land use based on underlying land and soil capabilities.

Going forward, land-use information will continue to come from a variety of sources. Many
data sources will not have provision of land use as a primary purpose, whereas some sources
will specifically collect land-use data. Therefore some data sources will be opportunistic, and
their contributory value to informing land use may not be immediately recognised and
utilised, e.g., “found data.” Indeed, the variety of sources and application of land-use
information is not the issue.

The substantive issue is the lack of a framework for the general uptake, analysis and
application of land-use information. As documented previously (Rutledge et al. 2009),
several previous attempts to produce an official land-use classification for New Zealand have
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failed. Instead there are currently several land-use classifications in operation, each created
for various purposes. Those classifications will be discussed in more detail later in this report.

The failure to produce an official classification stems from the complex nature of land use
and land-use information (Rutledge et al. 2009). Previous attempts failed because they
focused on the land-use classification. In two cases, the design process led to the creation of
detailed, hierarchical classifications containing over a thousand classes each. The feasibility
of the desired classification received comparatively little attention. The various land-use
classifications operating today are significantly simpler by comparison, each having only a
few dozen classes at most. Furthermore, documentation of the process for generating each of
those classifications varies substantially.

Previous research (Rutledge et al. 2009) therefore recommended focusing not on a particular
classification but rather on the process of land-use characterisation and classification. Rather
than attempting to create a monolithic land-use classification, effort should be focused
instead on developing an adaptable and flexible process that allows multiple data sources to
be combined in different ways to satisfy a variety of land-use information needs. Indeed the
existence of multiple land-use classifications in use today reinforces the need for flexibility
and adaptability in land- information and application.

Figure 1 provides a conceptual drawing of that idea. Multiple data sources feed into a
common database, which can be either centralised or distributed. Stored in the database are
processed data, classification specifications, and associated methods and procedures for
generating different types of land-use information (e.g., geospatial land-use data).

MULTIPLE COMMON SHARED MULTIPLE
DATA SOURCES DATABASE APPLICATIONS

v

Int’l Classification

I — LAND INFORMATION {e-g. Kyoto)
I ENGINE [

National
Classification

Classification

Specifications
||—> i LS
Regional
II

Processed

Classification
Methods & E
Procedures
District

Classification

L/

Other
Classification

Figure 1 Conceptual approach for the land use database.
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The database (“Land Information Engine” depicted in Figure 1) is intended to take advantage
of emerging informatics approaches and standards for data, data protocols and
interoperability, etc., that facilitate more flexible, adaptable, and verifiable approaches to
environmental information management in general and, in this context, land-use information
in particular.

3  Objectives

. Prepare a development case for the LUDB based on gaps and priorities identified from
the recent Regional Council end-user survey

. Develop draft specifications for the LUDB for review by the LMF

. Finalise LUDB specifications in agreement with the LMF following their review.

4 LUDB Development Case

The LUDB development case is based on the results from the regional council survey as
reported in Morgan et al. (2010). The results below are summary of those findings. Readers
interested in the complete results should consult the full report.

4.1 End-User Survey

4.1.1 Gaps & Priorities

In the recent survey, regional council staff members identified several key gaps related to
land-use information in New Zealand that broadly fall into five categories (Table 1). Based
on a gap analysis, six key priorities emerged that the LUDB should address to begin to fill
those gaps (Table 2).

It should be noted that the gaps and priorities listed primarily reflect the needs of regional

councils, which reflect the purpose of the Envirolink fund. Other agencies and organizations
within New Zealand will have their own needs that the LUDB might not initially address.
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Table 1  Summary of key gaps identified by end-users in the recent survey

Gap

Summary

Consistency

Detail

Quality

Spatial
Scale

Temporal
Scale

Need for consistency was most commonly cited by repsondents

A range of in-house, ad hoc approaches to information currently exist to meet the
respondents’ basic needs

Data typically lack the detail required to support confidence in decision-making
General desire for a more valid, accurate, reliable and consistent approach to land-use
information backed by leadership and accountability

Current sources lack information on practices, behaviours, and activities that
constitute ‘land use’

Inclusion of a range of detailed information on human activities is expected to lead to
a greater ability to understand and manage land use

The way in which the proper level of detail can be captured, understood and displayed
is problematic, with the level of detail potentially overwhelming a user

Capture of activity information raises questions related to privacy and proper use
Quality varies widely based on information sources, some of which were not intended
to be used as land-use information

Inferences about land use based on some data sources are problematic, especially
when the quality of the source information is unknown

Variability in the use of existing sources is substantial

Desire for an increase in quality of attributes such as measuring and recording
uncertainty in scale and attribute information to documentation data sources’ lineage

LUDB could provide a more formal and streamlined process built on the current use of
certain types of land-use information.
Desire for finer resolution spatial information, often to farm and/or paddock scale

Existing information sources vary widely in scale and do not easily fit within a
farm/paddock scale

Finer scales may not be immediately achievable, but preference exists to move
towards finer scales going forward
Land-use information should be current and regularly updated

Annual updates most often requested, although users recognised that frequency of
update can vary based on context and need

Sources currently used are widely regarded as being out of date, e.g., LCDB2 is now
over 8 years old

Data sources should be updateable and regularly maintained through updates, which
is not common for the current information sources used

Landcare Research
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Table 2  Summary of key priorities and how the LUDB will address them

Priority LUDB Features

Coordination & .
Consistency

Reliability — .
Accuracy .

L ]

L ]
Reliability — .
Updates

L ]

L]
Scale - .
Spatial

L]

[ ]
Scale - .
Temporal

[ ]

L]
Scale - .

Informational

Consistency and coordination through developing, formalising and documenting
processes with which land-use information is created

Formalised framework to ensure the coordination of data collection and the
consistency of the resulting product

Processes for standards development, discussion, and approval

Flexibility to develop standards for specific purposes

Allows for on-going verification and documentation

May not initially improve the spatial or temporal accuracy of the land use classification
given initial data limitations

Future accuracy of land-use should increase through the implementation of an
atomised approach to data structuring & storage

Allows for historical and current use comparisons

Framework facilitates regular updating and incorporation of new information as data
sources are updated and published

New information incorporated almost immediately

Incentivises — but does not guarantee — more regular updates

Flexibility permits input and output data at different spatial scales, subject to the
finest resolution source data

Greater ability to incorporate spatial detail about all land uses, especially urban land
use and land-use change

Potential to include many data sources including ad hoc ones to improve scale, such as
building and resource consent information or high-resolution imagery

Examine land-use change at a range of time scales depending on the type of land-use
change of interest

Updates at least annually

Able to export data at any time, for any purpose

Accommodates data collected at fine informational detail

Intimately linked with the spatial/temporal scales of data collection such that finer
scales are more costly and also raise privacy issues

Addressing this priority requires a long-term change in land-use information
development. Informational scale will therefore receive less attention in the LUDB
project

Page 6
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4.2 LUDB Development Case

Based on the results of the gap analysis and prioritization report, the LUDB must possess a
number of characteristics including:

. Flexibility — accommodate a range of data input sources, land-use classifications, and
associated methodologies

. Adaptability — able to evolve and accept new input data, methods, etc., over time

. Memory — store all input information, methods, classification schemes and associated

metadata to allow regeneration of land-use information to go forward
. Repeatable — a user can generate land-use information on an as-needed basis

. Authoritative — holds metadata and other information documenting all processes
undertaken to generate land use information, e.g., steps taken to generate a particular
land-use classification are recorded for future reference, as opposed to just storing the
classification itself.

5 Draft Database Design Considerations

To meet the priorities identified above and design a suitable LUDB to meet project
objectives, a number of design considerations must be addressed. This section outlines those
considerations, starting with a conceptual overview of the LUDB and then lists the specific
considerations for consultation with LMF members within the scope of this project.

5.1 Conceptual Overview

The overall objective of the LUDB is to develop a way of encapsulating land use in a
consistent framework. Conceptually the LUDB framework has several components (Figure
2). Structurally, the LUDB represents a formalised pathway to transform, input, process,
store, analyse, generate, and disseminate land-use information.

As stated earlier, previous attempts at generating official land-use classifications in New
Zealand failed because they focused on the classification. In other words, they spent
considerable time scoping and defining a desired land-use classification with little thought or
consideration for implementation. These efforts also made the mistake of trying to devise a
single classification to suit any purpose.

The LUDB takes a much more practical, realistic, and feasible approach by first developing a
general structure within which one can generate desired classifications based on available
data to suit specific needs or applications. In the LUDB, the emphasis is on the framework,
methods, procedures, and structures, rather than a particular classification. This has the
advantages listed above in terms of flexibility, adaptability, repeatability, and authority. Most
important, perhaps, is that the LUDB will retain all contributed data and will capture the
processes used to generate land information layers, such that a particular land-use
classification and/or data layer can be regenerated in the future.
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Following Figure 1, each of the components are described in more detail, in order from top to
bottom.

Data Providers: LUDB: Data Consumers:

Dataset | y
(e.g. Consents) B y
Councils 1 P A\
N NG _ -
Dataset Atomised
(e.g. LCDB2) 1 LU Data
Ministries l
Dataset Land Use
| (e.g. Agribase) | ~1 Classifier

Corporations \l/ /" (Download)

LU Layer/s </
\

‘ Data Portal

.
) N\ v \, Website/s

Business Owner ‘ (Explore/View)

Property Owner/Occupier

Figure 2 Conceptual diagram of the LUDB.

5.1.1 Transform Data

This component provides methods and procedures for transforming input source data into a
form suitable for importing into the LUDB. The LUDB is not biased and would be capable of
accepting a wide variety of information types such as geospatial data, relational database
input, single records, or even verbal descriptions of land-use activities. Over time a library of
pre-processing rules/scripts will be built that could be adapted and modified as input data
evolve over time.

This step will vary widely depending on the nature, complexity, accuracy, etc., of the input
data and to achieve desired gains in efficiency of storage, processing, etc.

5.1.2  Data Input (“In”)

The Data Input component provides methods and procedures for importing transformed data
into the LUDB, i.e. “data transport.”
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5.1.3 Atomised Land-Use Data

Imported land-use information that has been structurally transformed. The transformation
includes:

e Spatial Transformation — dividing the data spatially into fundamental units
based on an agreed spatial data reference layer, e.g., cadastral database

e Attribute Transformation — restructuring the data to conform to an agreed land
use ontology, i.e. an explicit formal specification for how to represent land use.
By doing this we will demonstrate that complex information can be stored using
a relatively simple data structure. By simplifying the data structure we will
facilitate the use of simple set theory logic to classify the data.

Data atomisation has several advantages, including: automatic tagging of the information to
insure traceability; the tying of all land-use information to a specific place; the retention of
both original information and subsequent re-interpretations; and the ability to link sets of
observations in flexible ways.

5.1.4 Land-Use Classifier

Methods, rules and/or procedures for generating a particular land-use classification via
processing and analysis of atomised land-use data. The land-use classifier operates on
atomised data using rules to produce a data set and an associated classification and metadata
that are subsequently available for use and distribution.

5.1.5 Land-Use Layer

Output land-use geospatial data layer generated by processing a particular land-use classifier.
Different land-use classifiers would target different audiences and end-users. For example,
some could be official classifications intended for State of Environment reporting, others
might be catchment-specific land-use information such as those needed to undertake water
quality modelling.

5.1.6 Data Portal

A web-based portal for accessing and downloading land-use data layers generated by the
LUDB. Initially this will be a simple facility for discovering the land-use data layers.

5.1.7 Web Site
Web site for display of land-use information and (eventual) development of new methods and

procedures to generate new land-use classifications and provide more advanced capabilities
such as spatial and attribute search capabilities.
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5.2 LUDB Development

In the long term we envisage that the LUDB could encompass data from a large number of
data providers. It could borrow concepts and principles from social computer networking so
that each data provider (owner) would retain control over their data. They can control who
could view it, who could obtain it, and how it could be used. Similarly, different users could
define their own classifications schemes to suit their own requirements and share
classification schemes to meet shared requirements. For example, all regional councils could
agree to a standard land-use classification for reporting purposes, while being able to generate
purpose-built classifications to suit regional requirements. Furthermore, the LUDB could also
allow for translation from one classification to the other, provided the same data were
available. Eventually the LUDB could capture information volunteered by land
owners/managers and significantly improve the quality, detail, and accuracy of land-use
information throughout New Zealand.

In the short term (i.e. the duration of this project) the LUDB will initially have a more limited
scope and functionality. In terms of the conceptual framework (Figure 1) we present below
five design considerations to be addressed to deliver a first generation LUDB, i.e. LUDB-1G.
The choice of appellation is borrowed from the terminology commonly used to describe
systems with complex conceptual, methodological, and technical components, e.g., mobile
phone networks. The analogy is apt because the LUDB is a system of interacting components
that must effectively interoperate for LUDB to work. Going forward, we expect the LUDB to
remain relatively stable for pragmatic operational purposes over several years and then be
“upgraded” to subsequent generations (2G, 3G) as new concepts, methods, and technologies
become available and are mainstreamed. Within the lifetime of one LUDB generation there
could be several versions of a particular land-use information product. For example, we may
see annual updates to a nationally agreed land-use classification to meet planning and
reporting needs.

5.3 Consideration #1: Available Input Data Sources

What input data sources are available for use in LUDB-1G?

Given available resources, this project will restrict input data sets to those that are publically
available and nationally consistent. Those include

. Land Cover Database

. Land Resource Inventory
. Land Environments of New Zealand
. Census.

In addition LMF members have been asked to identify and nominate 1-3 council-held data
sources for possible inclusion in the LUDB. Those data sources must be nationally consistent
or made to be so within the timeframe of the project.
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5.4 Consideration #2: Data Transformation Procedures

What transformation tools need to be developed for available input data sources?

For each input data source we will develop a data transformation tool that pre-processes the
database into a form suitable for input into the LUDB. Ideally, tools would be automated
processes that run without assistance once completed. However, initial versions will most
likely be semi-automated. Because data transformation procedures are dependent on the input
data sources selected, they cannot be defined until those data sources are selected.

5.5 Consideration #3: LUDB Structure and Delivery Method

What is the preferred structure and delivery method of the LUDB?

The structure and delivery method are inter-related and eventually could consist of a complex
system comprised of an array of technical and architectural solutions and approaches. For this
project the LUDB will be simpler: it will initially deal only with a single workflow that
processes a fixed set of input information using a single classification methodology to
produce one nationally consistent spatial data layer meeting regional councils needs. Given
this, there are two fundamentally distinct options for the LUDB structure and delivery:

A) Local Tool — the tool is distributed to end-users and installed in-house
B) Web Tool — end-user organisations access the tool on-line.

Selection of either A or B will influence the structure of the LUDB, as each relies on
somewhat different architectures and technologies. Also each option has its own advantages
and disadvantages (Table 3).

Table 3 Comparison of benefits and drawbacks of a Local Tool versus a Web Tool
Feature Local Tool Web Tool
Fully transparent Yes No

LUDB user can make changes Yes No —initially
(Add data, new classification, etc) (in theory) Yes - eventually
Break everything by playing Yes No
Requires specific software and/or license to work Maybe No — but might need
(e.g., ArcGIS) specific browser
Easier to update/upgrade No Yes

Less space required on client system No Yes
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Regardless of which option is chosen, the LUDB will store data in an atomized fashion as
described earlier. Input data will be spatially divided to match a common local boundary
layer.

5.6 Consideration #4: National Geospatial Land-Use Layer Specifications

What are the specifications for the geospatial land-use layer that the project will deliver?

A key output of the LUDB project will be a first generation national land-use geospatial data
layer. This requires agreement on a number of options including:

1. Format — Vector (Shapefile) or Raster (Grid)

2. Projection — New Zealand Transverse Mercator (better for Vector) or New Zealand
Map Grid (better for Raster)

3. Resolution — desired spatial, temporal and informational resolution of the LUDB.
Note that the 1G version will be constrained by the resolution of the available input
data layers.

Based on discussions at the recent LMF workshop, LMF members indicated that they need to
consult with other staff at their organisations to determine the preferred specifications for the
geospatial data layer. There is a possibility that the LUDB may be able to deliver mutliple
specifications, but that will require further investigation.

5.7 Consideration #5: National Land-use Classification

What land-use classification is desired?

While an agreed national land-use classification must be defined as part of the LUDB project,
this classification and its associated geospatial land-use layers do not constitute the entire
LUDB. The LUDB itself includes the overall system framework; component modules
necessary to allow land-use data to be collected, aggregated, reclassified, and made available;
and different instances of classification schemes and rules for generating a particular land-use
classification and associated geospatial land-use layer.

Development of a preferred nationally consistent, cross-council land-use classification is the
subject of a separate concurrent work stream within the project. However we have included
information on six existing land-use classifications in this report for LMF members to
reference as they consider their land-use classification needs. For each classification we
present a brief review of the purpose, data requirements and to provide a starting point for
defining a robust land-use classification for the LUDB project. The six classifications
reviewed were:

. Land Use New Zealand (LUNZ)
. Creating Futures

. AgriBase
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. Land Use for Water Quality ECan’s LU Classification

. LINZ Valuation Rules Land Use

. LUCAS: Land Use and Carbon Analysis System

This information is being made available for review and consideration by the LMF members.

Development of a preferred land-use classification is the focus of a concurrent discussion
with LMF members.

5.7.1 Land Use New Zealand (LUNZ) (2004)

Purpose

Land Use New Zealand (LUNZ) was developed to provide land-use information for the
Catchment Land Use for Environmental Sustainability (CLUES) project (Woods et al. 2006).
CLUES models the impacts on water quality at a selected point in a river network as a result
of changes in land use occurring upstream. LUNZ addressed the need for a nationally
consistent representation of (predominantly rural) land use.

LUNZ had three purposes:

. Create a classification that satisfies the needs of both landscape-scale models and farm-
scale models

. Determine the best estimate of land use nationally

. Describe farms in terms that can be related to one or a mixture of MAF Monitor Farm
types.
Data

LUNZ was produced by combining information from four sources:

. AgriBase — a database of information collected by AsureQuality to form MAF Monitor
Farm models. Each Monitor Farm model is based on a survey of 20-30 farms from a
particular locality

. Land Cover Database 2 — a national map of land cover derived from satellite imagery
from 2001/2002 at nominally 1-ha spatial resolution (i.e. minimum mapping unit)
(Thompson et al. 2003)

. Land Resource Inventory — a national map identifying land units with similar
biophysical and land productivity characteristics

. Land Environments of New Zealand — a national hierarchical classification of New
Zealand’s terrestrial environments based on a combination of 15 climate, landform, and
soils variables (Leathwick et al. 2003a, b).

In theory, AgriBase provides sufficient information to derive adequate land-use information

for all farm land across New Zealand. Unfortunately, the design of the dataset had several
problems that prevented it from fulfilling this function:
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. Many farmers do not fill in all the attributes in AgriBase relevant to their farm
enterprise, in particular the area occupied by animals is more often left blank than filled
in

. For many farms the reported farm size does not agree with the computed area derived

from the cadastral polygons associated with the farm, implying that many of the other
activities reported on the farm do not necessarily occur within the farm boundary

. Reporting on type of farm is inconsistent and reflects either a farmer’s primary source
of income or profit or alternatively the predominant area or even the preferred or
dominant activity of the farmer.

The combination of these inconsistencies made it impractical to rely on AgriBase alone to
determine stock units per hectare or any other management function that can be related to
measures used in the MAF Monitor Farm spreadsheets. A hierarchical land-use classification
was therefore developed, and a corresponding national geospatial land-use layer was
produced using a complex algorithm that estimated the probability for different land-use
types to occur at any particular location within New Zealand based on the combination of
input sources.

Classification

The classification for LUNZ is hierarchical, with four tiers that gradually increase in the level
of land use detail. Hence each parcel of land assessed by LUNZ contains four Land Use
designations, depending on the Tier. The detailed database rules through which the above
data are used to delineate land use types are explained in Wydler (2010). A visual
representation of the hierarchical tiers for LUNZ can be seen in the Appendix. Note the Land
Use Classification Key at the base of the image, which enables a basic understanding of the
data types used in the classification for each class/Tier.

One key point that should be acknowledged is that because AgriBase was used as a direct
data source for the LUNZ project, a number of the categories are identical or have strong
links to the categories from LUNZ.

Tier I focuses on the key land coverage areas within the productive agricultural landscape of
New Zealand (e.g., pastoral, arable, horticultural, etc.) with respect to farming. Five land-use
categories are available at this stage: Pastoral, Arable, Horticultural, Forestry, Native Forest,
and Other.

Tier II focuses on a more defined delineation of the Tier I land use categories with key focus
on animal type (Pastoral), crop type (Arable), fruit type (Horticultural), and non-productive
land (Other). The differentiation found in these Tier I classes are outlined in Table 4. There
are no Tier II categories for the Forestry and Native Forest, Tier I categories.

Tier III primarily focuses on the regional differences in Pastoral Farming. The three Tier 11
Sheep & Beef categories contain the greatest regional differentiation, with Deer only having a
North Island and South Island split at the Tier III level. The Tier II Dairy class is split into a
Drystock class alongside six regionalised classes. Outside the Pastoral Farming land use, only
Pipfruit and Viticulture have Tier III classes — both are regionalised classes focusing on
Horticultural hotspots, Hawke’s Bay, Nelson and Marlborough.
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Tier IV classes contains the most detailed information concerning the land-use classification,
with detailed pastoral farming types listed (Alpaca, Dog, Donkey, Emu, Goat, Horse, Ostrich,
Pig, and Poultry). Arable crops are defined as the type of crop and/or vegetables grown. The
Tier I Forest and Native Forest classes are defined in more detail at Tier IV alongside an
increase in classes for the Tier I “Other” classes.

Table4  LUNZ Tier II land-use classes

Pastoral Arable Horticultural Other
Sheep & Beef Intensive Arable Crops Flowers Artificial
Sheep & Beef Mountain Process & Fresh Veges Export Berry Bare Ground
Sheep & Beef Hill Country Other Tropical Fruit Water Bodies / Rivers
Deer Kiwifruit Wetlands
Dairy Summer-Fruit Scrubs
Other Animals Pipfruit
Viticulture

5.7.2  Creating Futures Land-Use Layer

Purpose

The land-use layer within the Creating Futures WISE (Waikato Integrated Scenario Explorer)
model provides the initial land-use starting point for the Scenario Explorer. Using a cellular
automata land-use change model, the land-use layer is altered based on demands for land use
as determine by economic and demographic models.

Data

The data sources used in the creation of Creating Futures land-use layer included the land
cover database, ratings valuation database, protected-areas network database (Rutledge et al.
2008), and several spatial data layers held by Environment Waikato including Land Use
layer. As stated in Rutledge et al. (2010), the full database and associated algorithms used to
generate the land-use layer are available from Environment Waikato, although not all input
layers may be publically available.

Classification

The Creating Futures land-use classification is a categorical classification consisting of 28
land use classes, although only 27 were used in the final WISE model (Table 5). It is
important to note that of the 27 layers used in the initial land-use layer, two are used
primarily as spatial context and have no weight in the final land-use layer (Land outside the
Study Area, Marine outside the Study area). The full classification with class descriptions,
examples (limited to the Waikato region), and rationales for inclusion are appended at the end
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of this document. While the rules and data sources that are used to create this layer are not
documented here, the actual classification itself is comprehensive and easily understood.

Table 5 Creating Futures land-use classification

Airports Land Outside Study Area Residential Lifestyle Blocks
Aquaculture Marine Residential — Low Density
Bare Surfaces Marine Outside Study Area Residential — Medium to High
Biofuel Cropping Mines and Quarries Density

Commercial Indigenous Vegetation Sheep, Beef or Deer Farming
Community Services Manufacturing Transport Services (not used)
Dairy Farming Marine Urban Parks and Recreation
Forestry Other Agriculture Utilities

Fresh Water Other Cropping Vegetable Cropping
Horticulture Other Exotic Vegetation Wetlands

5.7.3  AgriBase™

Purpose

AgriBase is a commercial product originally developed as a geospatial information dataset to
enable MAF to plan, notify and protect for agricultural diseases such as Foot and Mouth.
Development of the AgriBase™ system began in late 1988, and national data capture began
in 1993. AgriBase™ records are maintained by AsureQuality New Zealand Ltd through
routine contact with farmers and through updates of property changes from Valuation Service
Providers. The AgriBase™ database holds information on all types of rural properties such as
farms, vineyards, orchards, forests, and small holdings and includes contact details for

the individuals that own and manage them.

Data

The data used to create AgriBase™ have been collected directly from farmers through
voluntary registrations, mostly within the past three years. AsureQuality cannot guarantee
breadth of coverage of registrations due to the voluntary nature of AgriBase™ registrations.

While all farm locations and contact details for the owners have been collected and
documented, farm-type data (including stock types and numbers, home and farm gate
locations, and the ownership/in practice situation) in AgriBase™ are not complete. The
incomplete nature of the database is primarily because of the ‘voluntary’ nature of the data
collection through surveys and information requests directly to the farmers.

The voluntary nature of the responses results in both area and attribute discrepancies, for
example, the area the farmers state versus the area of the farm calculated from the cadastral
information. Spatial discrepancies result from farmers reporting farm area in different ways
(i.e. effective pastoral area vs total farm area). The spatial accuracy of the farm boundaries
reflects the underlying accuracy of the LINZ cadastral information. Accuracy of attributes,
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including contact details, stock numbers and farm sizes, is dependent on survey data provided
by farmers and on checks by AsureQuality New Zealand Ltd for anomalies. AsureQuality
assume respondents are honest in their survey responses. Property detail information,
including subdivision, is obtained from Quotable Value New Zealand.

Classification

The land-use classification for AgriBase™ highlights the key focus on primary production.
There are two types of classification, Farm Type and Farm Enterprise. The higher level Farm
Type classification is categorical. Based on the Farm Types listed there are some key high
level differentiations within the 34 Farm Type classes.

The Farm Enterprise classification appears to be hierarchical, with 37 Farm Enterprise classes
being asymmetrically split into a total of 161 land-use classes. Vegatable Growing has the
largest number of subclasses with 54, while Other Fruit (13), Arable (12), and Forestry (12)
are the only other classes with more than 10 subclasses.

Both AgriBase™ classifications are provided in the Appendix.

5.7.4 Environment Canterbury Land Use for Water Quality

Purpose

The Land Use for Water Quality (LUWQ) project aims to create a range of scenarios that will
enable options for management of water quality in Canterbury to be developed. These
scenarios are focused on the productive land within the Canterbury region and developed as a
result of the rise in intensified agricultural land alongside the increasing evidence of a general
decline in the quality and health of the region’s freshwater resources (Environment
Canterbury 2008). This general decline is primarily attributed to the cumulative effects of
non-point source discharges from agricultural land use. The initial stages of the LUWQ
project have focused on the future outcomes for the Hurunui catchment in northern
Canterbury.

Data

The data used to create this land use layer are diverse: AgriBase, the Land Cover Database
(LCDB2), and 1:50 000 topographic maps, plus a map of irrigation derived from consent
information, and/or from remote sensing. The rules through which the AgriBase information
was linked to the nitrate leaching land-use categories were complex, but have been
formalised into rule sets to ensure consistency. LCDB2 was used to supplement the ‘holes’ in
the AgriBase information (see AgriBase discussion above for details). Topographic
information sourced from LINZ was used to define and locate non-productive areas that were
not present in AgriBase and LCDB2 such as golf courses.

Finally, the existing irrigated areas within the catchment were mapped using both the
Environment Canterbury Resource Consent Database and a supplementary remote sensing
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approach. The resulting ‘Irrigation Areas’ map has as yet only been prepared for the Hurunui
catchment but the methodology is expected to be applied across the region.

Classification

The classification itself was defined based on a communal workshop held on 15 May 2008.
Like most classifications, there is an underlying purpose to the land-use classification created
for the LUWQ project. The main focus of the LUWQ project was the transport of nitrate into
the catchment’s freshwater resources. The aim of the workshop was to define a ‘lookup table’
of leaching rates of the various land-use/soil/rainfall combinations as required by the
predictions tools.

As a result, the participants of the workshop “defined a set of key land uses/management
relevant to nitrate leaching” (Hill et al. 2010). The resulting land-use layer used in the LUWQ
scenarios aims to map these categories. Hill et al. (2010) also detail some of the
considerations that were made when defining the land-use classification:

. the variety of land uses found across the region

. available land-use databases with information at a field or property scale
. key stocking levels likely to affect the amount of nitrate leached

. the variety of arable land-use combinations.

Because the project focused on the leaching of nitrate into the freshwater resources of the
catchment, the resulting classification is highly focused on productive land uses, with only
three of the 27 land use classes not being aligned to pastoral, arable or horticultural uses.

It is interesting to note that the classification aims to categorise activities on dairy land, with a
range of stocking rates and seasonal differences. Hill et al. (2010) note that these types of
land use were difficult to map based on the lack of data at a sufficient level of detail.

The Appendix contains the full LUWQ classification.

5.7.5 LINZ Rating Valuation Rules

Purpose

The LINZ rating valuation rules are meant to ensure a nationally consistent, impartial,
independent, and equitable rating valuation system that can be monitored and audited. Of the
range of rules within the rating valuation, one specific section (confusingly titled ‘Land Use’)
contains a land-use classification. Unfortunately, gauging the reliability of the land-use
component of the valuation information is very difficult, given the number of territorial
authorities, valuation organisations and valuers involved in the process.
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Data

Under the Ratings Valuation Act of 1998, territorial authorities must prepare and maintain a
district valuation roll. Councils usually contract this work out to one of several valuation
firms. Based on discussions, councils gift the information to the valuers in exchange for a
substantially reduced fee. This enables the valuers to resell the information into the wider
public. Valuations do not require an actual site visit to view the site. Most are done alongside
their neighbouring properties on a semi-annual basis.

Classification

The land-use section of the rating valuation includes aspects of both land use as represented
by activities and zoning and land cover as represented by various built environment
attributes, for example, floor area, construction materials. The LINZ rating system therefore
constitutes a multi-dimensional classification that captures multiple attributes for each rating
unit.

The assessment includes 9 attributes of information that must be recorded for every rating
unit; within the valuation a record of ‘Actual Property Use’ is required. It is this attribute that
begins to constitute a land-use classification in line with the other land-use classification
discussed in this document.

The LINZ rating valuation rules (2008) explains that the “actual property use means the
activity, or group of interdependent activities having a common purpose, performed on land
or building floor space at the date of inspection” (p. 44). The land-use classification is
recorded as a two-character alpha numeric code, to create both a primary and secondary
levels of the land-use classification. The classification outlined in the LINZ rating valuation
rules (2008) enables multi-use situations to be recorded accurately.

With the need to categorise all New Zealand’s land use, the classification is the most diverse,
with a range of categories covering all types of land use (Table 6). The only land uses that
appear to be missing are more natural land uses such as forestry or native forest. With the
general nature of the classification being so diverse, the level of detail within the land use
groups is lacking for certain areas.

All the primary and secondary land-use types for Actual Property use class within the LINZ
rating valuation rules can be reviewed in the Appendix.

Table 6 LINZ Rating Valuation primary level land-use classification

Commercial Recreational
Community Services Residential
Industrial Rural industry
Lifestyle Transport
Multi-use at Primary Level Utility Services
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5.7.6  LUCAS: Land Use and Carbon Analysis System

Purpose

For the Land Use and Carbon Analysis System (LUCAS) project a number of land-use
classes were defined to enable the developemnt of New Zealand wide maps of land use as at
1990, 2008 and 2012. Using these maps, land-use changes between the reference year (1990)
and a number of time-steps defined through the Kyoto Protocol (2008 and 2012) can be
evaluated to calculate the changes in land use and the resulting change in carbon emissions.
The land-use classes were required to be logically consistent between the reference year and
the comparison year, hence the land-use classes are high level broad categories that focus on
land-use changes in Forest, Grassland, Cropland, and Wetland land uses.

Data

The data that contribute to the Land Use layer are derived primarily from satellite imagery
and aerial photography. The satellite imagery and aerial photography were used to define the
extent of four of the twelve classes in the land-use classification (Natural Forest, Pre-1990
Planted Forest, Post-1989 Forest, and Grassland with woody biomass); the remaining eight
land uses are derived from pre-existing datasets such as the New Zealand Land Cover
Database versions 1 & 2 (LCDB) and New Zealand Land Resource Inventory (NZLRI).

The 1990 land-use map is derived from Landsat 4 and Landsat 5 satellite imagery taken
between November 1988 and February 1993. Using this information the land-use
classification process was developed to map woody biomass classes into the land-use
subcategories being used for reporting. The classification process was validated and
improved using Landsat 7 ETM+ imagery acquired in 2000-2001, and SPOT 2 and 3 data
acquired in 1996-1997. Additional higher resolution imagery (mainly regional-scale aerial
photography) was used to increase the confidence of some land-use mapping decisions.

Classification

The classification used for LUCAS is flat (rather than hierarchical), although the system has a
pseudo-hierarchical look to it based on the repeated use of the four core land-use types
(Forest, Grassland, Cropland and Wetland) (Table 7). An example of this is the three land-use
classes under the heading of ‘Grassland’: ‘Grassland — with woody biomass’; ‘Grassland —
high producing’; and ‘Grassland — low producing’.

Most of the twelve land-use classes are straightforwardly defined, though the Forestry classes
include a temporal component to define new forestry areas post-1989. The twelve classes are
defined in the Appendix. Further details can be found in the LUCAS land-use mapping data
description document (http://www.mfe.govt.nz/issues/climate/lucas/data/lucas-lum-1990-
2008-v003-nz-data-description.pdf).
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Table 7 LUCAS basic land-use classification

Natural Forest Cropland — perennial
Pre-1990 Planted Forest Cropland — annual
Post-1989 Forest (2008 only) Wetland — open water
Grassland — with woody biomass Wetlands

Grassland — high producing Settlements

Grassland — low producing Other

6  Next Steps

The report outlines five key considerations for the design of the LUDB that LMF members
must consider. The next step are as follows:

1. Report cirulcated to LMF members for review and consideration with an
accompanying worksheet that helps guide LMF members through the steps needed to
address the design considerations

2. LMF members address the design considerations outlined in the report

3. LMF members and project team members discuss the five key design considerations
at a workshop in February 2011 and agree a set of preferred alternatives, including a
draft national land-use classification

4. Project team members finalise database design and the draft land-use classification
based on feedback received and workshop discussions and circulate them to LMF
members.
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