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{ǳƳƳŀǊȅ  

The Resource Management Act of 1991 requires regional councils to safeguard the long-

term, sustainable use of natural resources via integrated planning and resource management. 

Regional councils have particular concern about the long-term supply of land for primary 

production in the face of likely continued competition of land, especially urban and 

residential development. Increasing competition for land resources has the potential to 

increase land fragmentation going forward and substantially alter the possible range of land 

uses and associated ecosystem goods and services.  

While policies and planning to manage land fragmentation effectively are increasing, 

monitoring of land fragmentation and its effects remain limited. A better understanding of 

local, region, and national land fragmentation trends would help regional councils evaluate 

current and possible future land use options, develop appropriate policy, plans and rules, and 

contribute to meeting evolving societal needs and desired outcomes. 

These guidelines address the need for improved monitoring and reporting by providing a 

consistent and common set of methods and indicators to help regional councils assess trends 

in and effects of land fragmentation. The proposed guidelines will aid monitoring and 

reporting within individual regions, facilitate comparisons among regions, and help underpin 

consistent and robust national analysis and reporting. 

The guidelines have been developed in collaboration by Landcare Research and the Regional 

Council Land Monitoring Forum under an Envirolink Tools Project grant C09X1202/28950 

from the Ministry of Business, Innovation and Employment that ran from January 2013 to 

December 2014. 

Land fragmentation for the purposes of these guidelines is any division to one or more 

dimensions of a land resource. Key factors to consider include: 

¶ Biophysical features: how natural or man-made features such as topography, 

hydrological networks or infrastructure influence patterns of land use across 

landscapes and regions 

¶ Property Rights: where particular activities can or cannot occur, including 

assignment of rights via land titles or restrictions and limitations from policies, 

plans, rules, etc.  

¶ Ownership: who decides what activities occur with fewer owners; generally 

implying easier decision-making than more or many owners, although collective 

ownership may enable otherwise unviable land uses via pooled capital/resources. 

While designing and developing the guidelines for monitoring land fragmentation, four key 

principles were followed: 

1. Develop methods and indicators usable by all regional councils to support 

consistent, national monitoring and reporting 

2. Keep indicators and reporting simple and increase complexity only as needs 

warrant  
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3. Avoid subjectivity, including terms such as ñhigh classò or ñhighly versatileò soils 

or land 

4. Use only nationally consistent, publically available, and authoritative underpinning 

data. 

The main purpose of the guidelines is to help regional councils assess land supply for 

different types of primary production both currently and possibly in the future considering 

both direct and indirect effects of land fragmentation. Direct effects include any changes to 

the potential land uses at a particular location that result from changes to biophysical features, 

property rights or ownership at that location. Indirect effects include any changes to the 

potential land use at a particular location that result from changes to adjacent or neighbouring 

locations. Direct and indirect effects can occur independently or in tandem. 

The guidelines provide methods and indicators to monitor land fragmentation and report its 

effects on land supply for primary production at four more progressively restrictive levels: 

Maximum Land Supply > Known Land Supply > Likely Land Supply > Restricted Land 

Supply (Table 1). The first three levels estimate direct effects of land fragmentation, e.g. 

changes that reduce the total land supply by splitting, dividing or reducing available land 

below thresholds useful for different types of primary production. Restricted Land Supply 

estimates indirect effects of land fragmentation by considering potential reverse sensitivity 

effects of one land use on another. 

For each level the guidelines provide reporting indicators for the region, class(es) of interest, 

and individual polygons. The indicators specified primarily include size and shape metrics 

that best help estimate land supply for primary production. More complex indicators could 

also be generated from the underpinning database but their use and interpretation is generally 

more complex and therefore more limited.  

The guidelines provide standard methods that can be adapted to suit the requirements of each 

regional council system. The methods include procedures for a) compiling a centralised 

regional land fragmentation database using publically available data, and b) generating 

indicators for reporting. A specific implementation of the methods in ArcGIS and associated 

Python code is provided in a technical appendix as an example and possible adaptation to 

specific regional council systems.  

The use of public data has benefits and limitations. Benefits include reliance on uniform, 

authoritative and independent (i.e. non-council) data; avoidance of data access issues; and 

varying frequencies of data updates to support monitoring of both longer-term and shorter-

term trends. Limitations include any inherent limitations in the primary data used as well as 

the need to use inference in some cases. Despite these limitations, reliance on public data 

avoids common issues associated with proprietary data including lack of access to data, 

inconsistent data, or restricted use of data. 

The current guidelines focus on providing an initial set of standard methods and basic 

indictors to facilitate consistent pan-regional monitoring and reporting as requested by 

regional councils. However, we expect that the underpinning database, methods and 

indicators will  be further enhanced and tailored to meet specific needs as regional councils 

gain experience in their use and application. 
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LEVEL I: MAXIMUM LAND SUPPLY 

Method Interpretation 

Region Area ς Selected Biophysical Networks Estimate land supply using a regional mosaic 
created by dividing the region into polygons 
using a combination of selected biophysical 
networks (e.g. transport, rivers & streams, 
etc.) 

Regional mosaic polygons represent the 
largest contiguous land areas potentially 
available for primary production without 
considering any additional constraints, e.g. 
current land use/cover, property 
rights/subdivision, ownership 

Regional mosaic polygons can be tracked 
over time by assigning unique IDs to assess 
broad trends in regional land fragmentation 

Indicators 

Region: 

Land Supply (hectares) 

Number of Polygons 

(scalar) 

Polygon Size Distribution 

(graph) 

Class: 

Class Land Supply 

(hectares) 

Number of Class Polygons 

(scalar) 

Class Polygon Size 

Distribution (graph) 

Polygon 

(optional): 

Polygon Area 

(hectares) 

Polygon Shape 

LEVEL II: KNOWN LAND SUPPLY 

Method Interpretation 

Maximum Land Supply ς Urban Areas ς Protected Areas Estimate land supply excluding known 
urban/built-up and protected areas from the 
Maximum Land Supply 

Known Land Supply includes areas not 
currently under primary production but 
potentially available for conversion, e.g. 
unprotected indigenous forest, weeds, etc. 

Indicators 

Region: 

Known Land Supply 

(hectares) 

Known Number of 

Polygons (scalar) 

Known Polygon Size 

Distribution (graph) 

Class: 

Known Class Land Supply 

(hectares) 

Known Number of Class 

Polygons (scalar) 

Class Polygon Size 

Distribution (graph) 

Polygon 

(optional): 

Polygon Area 

(hectares) 

Polygon Shape 

(scalar) 

LEVEL III: LIKELY LAND SUPPLY 

Method Interpretation 

Known Land Supply ς tŀǊŎŜƭǎ Җ {ƛȊŜ ¢ƘǊŜǎƘƻƭŘ ǿƛǘƘ 9ƭŜŎǘƻǊŀƭ !ŘŘǊŜǎǎ Estimate land supply excluding likely areas 
of diffuse rural residential development (e.g. 
lifestyle blocks) from Known Land Supply 
using indirect evidence  

Parcel size threshold can vary to reflect 
operational requirements of different types 
of primary production 

Parcels of appropriate sizes without 
Electoral Address Points can also be used to 
assess future potential for land 
fragmentation, e.g. subdivided land still 
under primary production 

Indicators 

Region: 

Likely Land Supply 

(hectares) 

Number of Polygons 

(scalar) 

Polygon Size Distribution 

(graph) 

Class: 

Class Land Supply 

(hectares) 

Number of Class Polygons 

(scalar) 

Class Polygon Size 

Distribution (graph) 

Polygon 

(optional): 

Polygon Area 

(hectares) 

Polygon Shape 

(scalar) 

LEVEL IV: RESTRICTED LAND SUPPLY 

Method Interpretation 

Known Land Supply ς Buffer Areas of Specified Land Uses Estimate land supply to include potential 
indirect effects of land fragmentation (e.g. 
reverse sensitivity) by excluding areas of 
Likely Land Supply within a buffer distance 
of specified neighbouring land uses. 

Specification of neighbouring land uses and 
buffer distances can vary as required to 
reflect relevant policies, plans and rules 
although some standards will be needed to 
support pan-regional and national analyses. 

Indicators 

Region: 

Restricted Land Supply 

(hectares) 

Number of Polygons 

(scalar) 

Polygon Size Distribution 

(graph) 

Class: 

Restricted Land Supply 

(hectares) 

Number of Class Polygons 

(scalar) 

Class Polygon Size 

Distribution (graph) 

Polygon 

(optional): 

Polygon Area 

(hectares) 

Polygon Shape 

(scalar) 
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1 Introduction 

Landcare Research and the Regional Council Land Monitoring Forum collaborated on a 2-

year (January 2013 ï December 2014) Envirolink Tools Project (CXXXXX) funded by the 

New Zealand Ministry of Business, Innovation and Employment to develop the guidelines 

contained in this document. 

The guidelines are organised into four sections:  

¶ Background 

¶ Development and Overview 

¶ Methods and Indicators 

¶ Reporting 

The background section summarises the need for consistent, national guidelines for 

monitoring and reporting trends in and effects of land fragmentation based on a review and 

associated survey of regional council policies, plans, and current monitoring efforts. The 

development and overview section summarises the key considerations and principles 

followed during guideline development and provides a broad overview of the guideline 

structures and methods. The indicators and methods section outlines the recommended 

methods for monitoring and reporting trends in and effects of land fragmentation including 

development of an underpinning database and specification of indicators for reporting. The 

reporting section provides a sample regional land fragmentation report for use as a template 

for regional councils to adapt to their own reporting requirements. 
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2 Background 

As global, national and local population growth continues competition for land and soil 

resources will also increase (Curran-Cournane et al. 2014; Godfray et al. 2010a, b; Mackay et 

al. 2011; RSNZ 2011; Smith et al. 2010). Some land uses impact on the future potential, 

versatility, or capacity of the land for certain uses. For example, urban development may 

preclude or limit future use for agricultural production either directly through reduction of 

area available or indirectly through the introduction of adjacent incompatible uses (i.e. 

reverse sensitivity) (Andrews & Dymond 2012). The restriction of future land-use options 

represents an opportunity cost that should be considered in policy, planning, and resource 

management decisions that affect the allocation of land use (e.g. zoning) (Salant 1995).  

All classes of productive land in New Zealand are under pressure from competing uses. In 

particular, opportunities for productive use of that land decline as urban areas expand and 

rural land is subdivided into smaller parcels. Such trends are particularly evident for highly 

capable land. Just over 5% of the New Zealandôs land area (about 1.39 million ha) is 

classified as having high capability land (Rutledge et al. 2010), defined as land with Land 

Use Capability classes I or II (Lynn et al. 2009; Stephens et al. 1996). LUC classes I, II  and 

III  have experienced the highest rates of conversion to urban uses as a percentage of original 

area (5.6%, 3.9% and 2.3% respectively) over the period 1985ï2002 (Rutledge et al. 2010). 

Conversion of LUC class I and II land to urban uses raises concerns because of the 

comparatively high productive capability of this land as well as its limited extent. 

The Resource Management Act 1991 (RMA) provides a clear mandate for the management, 

protection and enhancement of soil resources at all levels of local government, as set out in 

the purpose of the RMA (section 5), local government is responsible for: 

managing the use, development and protection of natural and physical resources in a 

way, or at a rate, which enables people and communities to provide for their social, 

economic, and cultural well-being and for their health and safety while ï 

a) sustaining the potential of natural and physical resources (excluding minerals) 

to meet the reasonably foreseeable needs of future generations; and 

b) safeguarding the life-supporting capacity of air, water, soil and ecosystems, and 

c) avoiding, remedying, or mitigating any adverse effects of activities on the 

environment (New Zealand Government 1991, p. 65). 

Section 7 of the RMA further requires that local government give particular regard to any 

finite characteristics of natural and physical resources (e.g. finite stocks of land). Section 35 

of the RMA requires that local authorities monitor and assess impacts on the land resource to 

help ensure that resource management interventions (policy) are appropriate and effective in 

maintaining land and soil resources.  

Implementation of the RMA is via a three-tiered administrative structure ï central, regional 

and territorial government authorities. Policy and plan documents at each tier of government 

sit within a óhierarchyô, with each subsequent policy or plan document having to ñgive effectò 

to higher order documents. Regional and territorial authorities have been established to be 

complementary, cooperative bodies within the hierarchical structure of statutory documents 

under the RMA. 
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Central government agencies have a policy and advisory role, for example to develop 

national policy statements (NPS) and national environmental standards (NES) to provide 

national direction to local level decision making. Responsibility for regional policy and 

regional consenting matters is the responsibility of regional and unitary authorities,
1
 while 

local policy and consenting is the responsibility of territorial authorities (city and district 

councils) as set out in the RMA. 

Below NPS and NES documents at the central government level sits Regional Policy 

Statements (RPS) and regional plans prepared by Regional or Unitary Councils. The RPS and 

Regional Coastal Plan are mandatory, while other regional plans (dealing with air, land and 

water resources) are discretionary. A regional plan must give effect to the RPS. City and 

district Councils are required to develop City and District Plans addressing land use and 

subdivision. City and District Plans must give effect to the RPS and must not be inconsistent 

with regional plans.      

Local authorities have a responsibility to manage soil resources through developing and 

implementing informed policy. The policies and plans developed by councils in New Zealand 

include consideration of the allowable uses and activities for land among many competing 

demands, including agriculture, forestry, housing, recreation, tourism, and energy production, 

as well as being responsible for conserving biodiversity, managing biosecurity risks, 

maintaining clean water and air, iconic landscapes, and access to land for cultural and 

spiritual purposes.  

2.1 Review of land fragmentation issues and responses in New Zealand  

Although land fragmentation is occurring around New Zealand, it is not occurring uniformly 

within or across regions. Six regions identified land fragmentation as a regionally important 

issue; in remaining regions it was only of medium or low importance (Table 1). While 

varying in importance at a regional level, most regions reported some localities or hotspots 

where land fragmentation has become an important issue (e.g. the Wairau Plains in 

Marlborough). In those cases, hotspots include areas where subdivision for rural-residential 

development (e.g. lifestyle block) is occurring close to urban centres on land with relatively 

high productive capability. 

While land fragmentation is commonly an issue regionally or locally, our review of land 

fragmentation knowledge and issues across regional and unitary councils highlighted that 

understanding of it and associated issues varies across councils. The lack of shared 

understanding stems partly from a lack of consistent terminology or definitions to help 

characterise, measure, monitor, and report land fragmentation trends, and many councils 

indicated a desire to develop more consistent terminology and definitions for land 

fragmentation. New Zealand is not alone in that regard. Based on a literature review, 

numerous definitions or conceptions of land fragmentation are used internationally, such as: 

the number and size of land uses and/or land parcels in the rural landscape; the number of 

                                                 

1
 Unitary authorities carry out combined regional and district council responsibilities. 
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parcels that make up an individual farm; and the spatial distribution of multiple parcels that 

make up a single farm. 

Rural residential development is not seen as a negative process in its own right, but scattered, 

un-managed, and un-planned rural residential development can be expensive for councils as 

well as having potential financial and social impacts on local communities. Policy makers 

have favoured introducing rural zones to limit and delineate rural subdivision and 

development, as well as introducing policy and methods to implement transferable 

development rights, title amalgamation, and development guidelines. 

Few regional plans included rules targeting land fragmentation, except for plans prepared by 

unitary authorities (Table 1). Such a result is not surprising, given that unitary authorities 

combine the functions, powers and responsibilities of both regional councils and territorial 

authorities. The lack of rules from regional councils (not unitary authorities) suggests they 

may be challenged under current governance arrangements to implement rules to manage 

land fragmentation effectively. In those cases, a regional council must work effectively with 

city and district councils to ensure city and district plans contain rules and provisions that 

help meet regional objectives and policies. 

Nationally, regional and district coordination regarding land fragmentation issues was mixed. 

Some relationships were considered strong and effective. The Future Proof strategy in the 

Waikato and the Heretaunga Plans strategy in Hawkeôs Bay were good examples cited of 

effective collaborative efforts between regional councils, territorial authorities, and iwi to 

develop and agree coordinated plans to manage sub-regional growth over long time horizons. 

Several other successful cases were cited where district plan provisions effectively manage 

rural residential subdivision on land with high productive capability. 

Other relationships were considered dysfunctional or non-existent, thus creating fundamental 

barriers to achieving policy goals. Lack of district plan provisions regarding rural 

subdivision, and/or weak implementation of district plan provisions were noted several times 

as contributing to land fragmentation issues. Therefore a key component in achieving 

successful management of land fragmentation requires effective coordination among regional 

policy statements, regional plans, district/city plans and district/city council implementation 

of the district plan provisions. 
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Table 1 Summary of land fragmentation importance, policies, rules and monitoring by region. Regional 

Councils are listed geographically from north to south and west to east. RPS = Regional Policy Statement. The 

number of stars indicate high (ÎÎÎ), medium (ÎÎ) or low (Î) regional importance 

Region 
Regional 

Importance 

Policies & Plan Rules 
Monitoring 

& 
Reporting 

1st Generation 2nd Generation 

Policies 
Plan 
Rules 

Policies 
Plan 
Rules 

Northland ÎÎÎ X Ã X Ã Ã 
  Operative RPS 1999  Proposed RPS 2013   

Auckland ÎÎÎ X Ã X X X 
  Operative RPS 1999  Proposed Unitary Plan 

2013 
(Rural 
Zones) 

 

Waikato ÎÎÎ Ã Ã X Ã X 
  Operative RPS 2000  Proposed RPS 2013   

Bay of Plenty ÎÎÎ X Ã X Ã Ã 

  Operative RPS 1999  Proposed RPS 2010   

Gisborne ÎÎÎ X Ã - - Ã 
  Operative RPS 2002     

IŀǿƪŜΩǎ .ŀȅ Î Ã Ã X Ã Ã 

 (Heretaunga 
Plains locally 
important) 

Operative RPS 1995  Operative RPS 2006 
(RPS Change 4 2011) 

  

Taranaki Î Ã Ã Ã Ã Ã 
  Operative RPS 1994  Operative RPS 2009   

Manawatu-
Whanganui 

Î X Ã X Ã X 

(Horizons)  Operative RPS 1998  Proposed One Plan 2010  (Ad hoc) 

Wellington Î X Ã X Ã X 
  Operative RPS 1995  Operative RPS 2013  (Ad hoc) 

Nelson Î Ã Ã - - Ã 
  Operative RPS 1995     

Marlborough Î X X - - X 
 (Wairau Plains 

locally 
important) 

Operative RPS 1995 (Rural 
Zones) 

   

West Coast Î Ã Ã - - Ã 
  Operative RPS 2000     

Tasman ÎÎÎ X X - - Ã 
  Operative RPS 2001 (Rural 

Zones) 
   

Canterbury Î X Ã X Ã Ã 
  Operative RPS 1998  Operative RPS 2013   

Otago ÎÎ Ã Ã - - Ã 
  Operative RPS 1998     

Southland Î Ã  X  Ã 
  Operative RPS 1997  Proposed RPS 2012   
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2.2 Need for guidelines and indicators 

While land fragmentation is an increasingly important issue, few councils currently monitor 

land fragmentation (Table 1). Those councils that undertake monitoring do not use consistent 

methods or indicators for measuring and reporting.  

The lack of consistency prevents comparison among regional trends and, at a higher level, 

aggregation of results to support reporting at the national level. Long-term and nationally 

consistent monitoring is required to assess the cumulative impacts of land fragmentation 

across national, regional, and local scales. Councils currently lack consistent monitoring 

methods and tools to track trends in land fragmentation and its associated effects to provide 

the evidence needed to gauge policy effectiveness. 

The absence of standard guidelines, methods and indicators hampers councilsô ability to 

monitor and report land fragmentation accurately and consistently. As a result, the 

communication of information regarding land fragmentation among councils (regional and 

local) by council staff and other land managers can be confused and inaccurate. Furthermore, 

the correlation of regional indicators for land fragmentation at the national level and the 

sharing of data between regions become difficult, given the current lack of a nationally 

consistent approach. To address current gaps in monitoring and reporting land fragmentation 

and its associated effects and risks, national guidelines are needed to: 

¶ ensure consistent characterisation of land fragmentation and the drivers of land 

fragmentation (e.g. land valuation and demographics) at local, regional and 

national scales 

¶ quantify the effects of land fragmentation on land and soil resources 

¶ understand the implications for allocation of land resources and long-term 

productive opportunities of the land and thresholds for productive use options.  

Availability of national guidelines for monitoring land fragmentation will yield several key 

benefits: 

¶ Provide consistent, enduring monitoring of land fragmentation trends nationally, 

regionally, and locally 

¶ Support nationally consistent State of Environment monitoring and reporting 

guidance for land fragmentation 

¶ Inform policy decisions by helping identify where land fragmentation policies are 

effective and where they are not effective 

¶ Improve the clarity and accuracy of communicating the impacts of land 

fragmentation on primary production and raising the issue across scales. 
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3 Development and Overview 

This section provides a broad overview of the guidelines, provides a working definition of 

land fragmentation, and outlines the key considerations and principles followed during 

guideline design and development. 

3.1 Overview 

Landscapes are dynamic and change constantly due to natural and man-made processes 

operating at different spatial and temporal scales. Over time some landscape features may 

decrease in extent and the remaining areas may become more isolated from each other, i.e. 

may become more fragmented. Such features would exhibit trends such as a decrease in total 

area across the landscape, an increase in the number of features, a tendency for individual 

features to reduce in size, and an increase in distance among remaining features.  

Competition for land among different uses is one important process driving landscape 

change. Research to date has documented that land use conversions are decreasing the total 

land supply for primary production across New Zealand (Rutledge 2008; Rutledge et al. 

2010; Mackay et al. 2011; Andrews & Dymond 2012; Curran-Cournane et al. 2014).  

Regional councils are concerned that those trends will continue, especially in the face of 

increasing demand from competing uses such as urban and residential development, and will 

continue to reduce New Zealandôs capacity for primary production. 

Regional councils are further concerned because research and monitoring thus far have 

focused primarily on documenting the quantity of change, i.e. total area converted either 

nationally or by region. To date councils have limited understanding regarding the patterns of 

conversion and the potential additive impacts that might be generated for primary production. 

Remaining areas may become too small or too isolated (fragmented) from one another to 

viably support certain types of primary production. A better understanding of such trends 

locally, regionally and nationally would help regional councils evaluate current and possible 

future land use options, develop appropriate policy, plans and rules, and contribute to meeting 

evolving societal needs and desired outcomes. 

The main purpose of the guidelines is therefore to help regional councils answer the 

following question: 

What is the current land supply for different types of primary production and how has 

land supply changed in the past and how might it change into the future due to direct and 

indirect effects of land fragmentation? 

Broadly, the approach taken involves periodically applying increasing levels of publically 

available information to provide four progressively more restrictive estimates of land supply 

for different types of primary production due to direct and indirect effects of land 

fragmentation. Direct effects include any changes to land supply at a particular location that 

result from changes at that location. Indirect effects include any changes to land supply at a 

particular location that result from changes to adjacent or neighbouring locations. Direct and 

indirect effects can occur independently or in tandem. 
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These guidelines address the need for improved monitoring and reporting by providing a 

consistent and common set of methods and indicators to help regional councils assess trends 

in and effects of land fragmentation. The proposed guidelines will aid monitoring and 

reporting within individual regions, facilitate comparisons among regions, and help underpin 

consistent and robust national analysis and reporting. 

3.2 Land Fragmentation: Working Definition 

As noted earlier, a consistent definition of land fragmentation in New Zealand is lacking. The 

guidelines therefore adopt the following working definition to facilitate shared analysis and 

discussion: 

Land fragmentation is any division of one or more aspects of a land resource. 

Overall, the definition suggests a process whereby larger, contiguous areas become 

progressively smaller and likely more isolated from each other as a result of both natural and 

man-made disturbance events. In that regard it is consistent with similar definitions found in 

the literature (Forman 1995; Rutledge 2003). The definition is also intended to be flexible 

and does not prescribe any particular process of division/fragmentation or any particular 

aspect of a land resource. 

3.3 Design Principles 

While designing and developing the guidelines for monitoring land fragmentation, regional 

councils outlined four key design principles to follow: 

1) Develop methods and indicators usable by all regional councils to support 

consistent, national monitoring and reporting 

2) Keep  methods and indicators simple in the beginning and introduce complexity as 

needed 

3) Avoid subjectivity as much as possible including the use of contextual terms such 

as ñhigh class soilsò or ñhighly versatile landò 

4) Use only nationally consistent, publically available and authoritative underpinning 

data. 

Keeping the design principles in mind, especially the availability of nationally consistent 

public data, the guidelines take a practical approach and consider the following three key 

aspects of land resources that collectively influence patterns of land use across landscape and 

regions:  

¶ Biophysical features (e.g. land cover): natural or man-mad features such as 

topography, hydrological networks or infrastructure networks 

¶ Property rights: where and/or when activities may or may not occur as delineated 

by land titles, policies, plans, rules, covenants, etc. individually or in combination  

¶ Ownership: deciding where and when to undertake which activities. 
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The most is known about biophysical features (i.e. land cover) from data sources such the 

Land Cover Database and LINZ topographic information. With the public release of the 

cadastral database by LINZ, information on property rights has increased, including location 

(e.g. parcels and lots) and in some cases specific purpose (e.g. roads). Current ownership 

information principally distinguishes most public from private land via data layers such as the 

national conservation estate managed by the Department of Conservation, also the parcel 

database, and the Protected Areas Network (PAN-NZ) database informally maintained by 

Landcare Research. 
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4 Guidelines 

This section provides the guidelines for monitoring and reporting trends in and effects of land 

fragmentation on primary production. The guidelines include a conceptual overview of the 

approach, methods for compiling the underpinning database and calculating recommended 

indicators, and a template to use for monitoring and reporting. The methods provided do not 

have any specific technical requirements (e.g. operating system, geographic information 

systems, etc.) and could be implemented within any regional council system by a competent 

spatial analyst. Appendix 1 contains an example of the methods implemented as a series of 

ArcGIS ModelBuilder models and associated Python scripts based on those models for 

inspection and possible use/adaptation. Electronic copies of both the models and Python 

scripts are also available for access by regional councils or other interested parties. 

The application of these guidelines will help regional councils assess land fragmentation 

trends regionally, highlight differences among different types of primary production, and 

pinpoint local issues for further investigation via more detailed interrogation of information 

on individual polygons or perhaps on clusters of polygons. 

4.1 Conceptual Overview 

The guidelines provide methods and indicators to monitor land fragmentation and report its 

effects on land supply for primary production at four progressively more restrictive levels: 

Maximum Land Supply (Level I) > Known Land Supply (Level II) > Likely Land Supply 

(Level III) > Restricted Land Supply (Level IV) (Table 2). The first three levels primarily 

estimate the direct effects of land fragmentation, e.g. changes that reduce the total land 

supply by dividing land resources below thresholds useful for different types of primary 

production. Restricted Land Supply estimates the indirect effects of land fragmentation by 

considering potential reverse sensitivity effects of one land use on another. 

For each level the guidelines monitor the same set of indicators to promote ease of 

calculation, facilitate comparability among levels, and help interpretation. The set of 

indicators include: land supply (area in hectares) for primary production for individual 

polygons, classes or the region; the number (scalar) and size distribution (graph) of polygons; 

and for individual polygons a shape index (scalar). More complex indicators could also be 

generated from the underpinning database but their interpretation is generally more complex, 

their utility is limited and they are therefore not currently recommended. 
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Table 2 Overall land fragmentation monitoring and reporting framework 

LEVEL I: MAXIMUM LAND SUPPLY 

Method Interpretation 

Region Area ς  
Selected Biophysical Networks 

Estimate land supply using a regional mosaic created by dividing the 
region into polygons using a combination of selected biophysical 
networks (e.g. transport, rivers & streams, etc.) 

Regional mosaic polygons represent the largest contiguous land areas 
potentially available for primary production without considering any 
additional constraints, e.g. current land use/cover, property 
rights/subdivision, ownership 

Regional mosaic polygons can be tracked over time by assigning 
unique IDs to assess broad trends in regional land fragmentation 

LEVEL II: KNOWN LAND SUPPLY 

Method Interpretation 

Known Land Supply ς  
tŀǊŎŜƭǎ Җ {ƛȊŜ ¢ƘǊŜǎƘƻƭŘ ǿƛǘƘ 

Electoral Address 

Estimate land supply excluding known urban/built-up and protected 
areas from the Maximum Land Supply 

Known Land Supply includes areas not currently under primary 
production but potentially available for conversion, e.g. unprotected 
indigenous forest, weeds, etc. 

LEVEL III: LIKELY LAND SUPPLY 

Method Interpretation 

Known Land Supply ς 
tŀǊŎŜƭǎ Җ {ƛȊŜ ¢ƘǊŜǎƘƻƭŘ ǿƛǘƘ 

Electoral Address 

Estimate land supply excluding likely areas of diffuse rural residential 
development (e.g. lifestyle blocks) from Known Land Supply using 
indirect evidence 

Parcel size threshold can vary to reflect operational requirements of 
different types of primary production 

Parcels of appropriate sizes without Electoral Address Points can also 
be used to assess future potential for land fragmentation, e.g. 
subdivided land still under primary production 

LEVEL IV: RESTRICTED LAND SUPPLY 

Method Interpretation 

Known Land Supply ς 
Buffer Areas of Specified Land Uses 

Estimate land supply to include potential indirect effects of land 
fragmentation (e.g. reverse sensitivity) by excluding areas of Likely 
Land Supply within a buffer distance of specified neighbouring land 
uses. 

Specification of neighbouring land uses and buffer distances can vary 
as required to reflect relevant policies, plans and rules, although some 
standards will be needed to support pan-regional and national 
analyses. 

 

The primary indicator reported at each level is land supply for primary production, i.e. an 

estimated answer to the question posed above, ñhow much land is available for primary 

productionò. In that regard, the recommended monitoring and reporting focuses primarily on 

the outcome(s) of land fragmentation for primary production, which is the key issue of 

interest to regional councils, and secondarily on the process of land fragmentation. 
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Land supply is first estimated for individual polygons. To estimate land supply for different 

classes, such as for a specific type of primary production, the areas of polygons greater than 

or equal to a size threshold specific to that class are summed. To estimate the regional land 

supply, the areas of all polygons are summed together. By definition, land supply for any 

individual class will be less than or equal to the regional land supply. If expected trends in 

land competition and land-use change continue, estimates of land supply for primary 

production will decline over time, e.g. some polygons will become smaller and 

some/many/all class and regional totals will decrease. 

The indicators for number of polygons (scalar), polygon size distribution (graph), and an 

optional polygon shape index (perimeter to area ratio) help monitor the process of and trends 

in land fragmentation. The first two indicators are recommended as standard reporting. The 

shape index is optional and likely of more use in specific cases where more detailed analysis 

of individual polygons is needed to evaluate their viability for primary production. Similar to 

land supply, if expected trends continue, the number of polygons will increase and polygon-

size distributions will shift towards smaller values for both regional and class polygons. 

Trends in shape index for individual polygons will likely show more variability. The broad 

trend would likely be an overall decrease as more polygons become smaller/are created that 

have lower perimeter to area ratios, although some polygons may show increases in the index 

value depending on the way in which division occurs. 

The non-marine regional boundary serves as the starting point (Area of Interest or AOI) for 

the analysis including the total non-marine area in hectares for the region. Each level then 

identifies areas known or likely to be unavailable for primary production and subtracts those 

areas from the AOI to estimate land supply for primary production, either overall or for 

specific types of primary production as needed. Layering builds on itself as the land supply 

from a higher level serves as base for analysis at the next lower level. As a result, estimates of 

land supply for primary production become progressively smaller (i.e. fewer hectares) and 

more restrictive going from Level I to Level IV. 

Maximum Land Supply (Level I) is estimated by overlaying water (rivers, lakes, ponds) and 

transport networks (roads, railways) over the AOI. Water and transport are key biophysical 

features that broadly organise landscapes. Excluding those features from the AOI creates a 

regional network of polygons, each of which delineates a contiguous area available for 

primary production (on land) without considering any additional constraints including current 

land uses (Fig. 1). In other words, the resulting polygons represent the largest ñfree to 

operateò contiguous areas potentially available to primary production, although clearly the 

actual area available will be smaller (Fig. 2a). Nonetheless, the resulting regional mosaic of 

polygons provides a useful coarse filter to evaluate and compare land fragmentation trends 

both spatially and temporally within and among regions. For example, additions to transport 

networks will likely increase the number of regional mosaic polygons over time. The rate of 

increase in the number of regional mosaic polygons could serve as a ñspeedometerò of land 

fragmentation. In addition, polygons can be given unique IDs to help monitoring such as 

targeting particular areas for further analysis or reporting or tracking specific polygons as 

barometers of change in different landscape contexts.  
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Figure 1 Regional mosaic for the Waikato Region used to estimate Maximum Land Supply. White areas depict 

water and transport excluded from the estimation of land supply. Coloured areas represent regional mosaic 

polygons. 

 

Known Land Supply (Level II) is estimated by identifying known areas of non-primary 

production land uses and excluding them from the Maximum Land Supply (Fig. 2b). The 

principal areas identified include urban and protected areas. The former come from the Land 

Cover Database and LINZ topographic data and the former come from the Protected Areas 

Network (PAN-NZ) database unofficially maintained by Landcare Research. The exclusion 

of urban and protected areas has multiple effects, including removal of many of the smallest 

regional mosaic polygons, which typically but not exclusively occur in urban areas, reduction 

in area of larger polygons, and convolution of shape of other polygons.  

Likely Land Supply (Level III) is estimated by identifying likely areas of diffuse urban/rural 

residential development (e.g. lifestyle blocks) from the Known Land Supply (Fig. 2c). 

Regional councils identified the continued growth and development of rural residential 

development as a key motivator for improved monitoring of land fragmentation and its 

effects, as research has demonstrated that such development has potentially significant 

impacts on land and soil resources (Rutledge 2008; Rutledge et al. 2010; Andrews & 

Dymond 2012; Cournan-Cournane et al. 2014). Consideration of such development was one 

of the more challenging aspects of land fragmentation to asses given reliance on public data. 
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Figure 2 Example AOI southeast of Hamilton showing (a) Maximum Land Supply, (b) Known Land Supply, 

(c) Likely Land Supply and (d) Restricted Land Supply. White areas represent water and transport networks, 

grey areas represent urban and protected areas, orange and beige represent parcels Ò 1 hectare and Ò 4 hectares 

in size, respectively, and crosshatched areas represent buffer areas Ò 100 meters from parcels Ò 4 hectares in 

size. 

 

An exploration of available public data sources identified a combination of parcels and 

electoral address points as a suitable proxy for primary land use data. Smaller parcels (e.g. 4 

hectares or less in size) with electoral address points correspond well to locations of existing 

rural residential development (Figs 3ï8). Electoral address points represent legally-defined 

addresses listed by a person when enrolling to vote and are updated as part of the cadastral 

database system maintained by LINZ. Together parcels and address points constitute a 

nationally consistent, frequently updated means to track likely trends in rural residential 

development. As evidenced in Figures 3ï8, parcels with associated electoral address points 

supplement and enhance data on urban land uses derived from both the LCDB and LINZ 

topographic data. In some cases (Figs 3, 4, 6, 7) they extend known urban areas.  

(a) (b) 

(c) (d) 
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Figure 3 Example of parcels Ò 4 hectares in size with electoral address points near Omiston Road, Auckland. 

Grey areas represent urban areas (i.e. built-up areas) and light green areas represent agriculture (i.e. high 

producing exotic grassland) as identified by the Land Cover Database. Black represents parcel boundaries 

greater than 4 hectares in size. Blue represents parcel boundaries less than or equal to 4 hectares in size. 

 

 

Figure 4 Example of parcels Ò 4 hectares in size with electoral address points near Old Coach Road, Tasman. 

Grey areas represent urban areas (i.e. built-up areas) and light green areas represent agriculture (i.e. high 

producing exotic grassland) as identified by the Land Cover Database. Black represents parcel boundaries 

greater than 4 hectares in size. Blue represents parcel boundaries less than or equal to 4 hectares in size. 

 










































