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The Resource Management Act of 1991 requires regional councils to safeguard-the long
term, sustainable use paturalresources via integrated planning and resource management.
Regional councils have particular concern about the-teng supply of land for primary
production in the face of likely continued competition of land, especially urban and
residential developmenicreasing competition for land resources has the pateati

increase land fragmentation going forward and substantially alter the possible r&arge of
uses an@ssociate@cosystengoods and services

While policies and planning to manage land fragmentation effectiweincreasing,
monitoring of land fagmentation and its effects remain limitédoetter understanding of
local, region, and nation&nd fragmentation trends would heggional councilevaluae
current and pssible future land use optiorevelopappropriate policy, plaandrules and
contribute to meetingvolving societal needs ad@siredoutcomes.

These guidelines address the need for improved monitoring and reporting by providing a
consistent and common set of methods and indicatordpadgional councilassess trends

in and effects of land fragmentation. The propagpaidelineswill aid monitoring and

reporting within individual regiongacilitate comparisos among regionsandhelp underpin
consistent and robusational analysiand reporting

The guidelines have been developed in collaboration by Landcare Research and the Regional
Council Land Monitoring Forum under an Envirolink Tools Project g&01X1202/28950

from the Ministry of Business, Innovation and Employment that ran from JanubByt@0
December 204

Land fragmentation for the purposes of these guidelinasyiglivisionto one or more
dimensions of a land resourééy factors to consider include

1 Biophysicalfeatureshow natural or mamace features such as topography,
hydrologcal networks or infrastructuiefluencepatterns ofand useacross
landscapes and regions

1 Property Rightswhere particular activities can or cannot o¢aueluding
assignment ofightsvia land titles or restrictionandlimitations from policies,
plars, rules, etc.

T Ownershipwho decides what activities occur with fewer owngenerally
implying easier decisieomaking than more or many owneatthough collective
ownership may enabletherwise unviable land uses yiaoledcapitalresources.

While designing and developing the guidelines for monitoring land fragmentétionkey
principles were followed:

1. Developmethods and indicators usable by all regional councils to support
consistent, national monitoring and reporting

2. Keep indicators and reporting simple andrease complexitgnly as needs
warrant
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National Guidelines for Monitoring and Reporting Effects of Land Fragmentation

3. Avoid subjectivity includingtermssuch asi hi gh cHiaghsloy oweriisat i |
or land

4. Use onlynationally consistent, publically availabknd authdtative underpaning
data.

The main purpose of the guidelines is&dp regional councils assess land supply for

different types oprimary productiorboth currently and possibly in the future considering
bothdirect and indireceffects of land fragmentatioDirect efectsincludeany changgto

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 particulac&ion that result from changes to adjacent or neighbouring
locations. Direct and indirect effects can occur independently or in tandem.

Theguidelinesprovide methods and indicatorsrtwmnitorland fragmentation aneportits
effectson land supply for pmary prodution at four more progressively restrictive levels:
Maximum LandSupply> Known Land Supply Likely Land Supply> Restricted_and
Supply(Table 3. The first three levels estimate direct effects of land fragmentation, e.g.
changes that redutkeetotal landsupplyby splitting, dividing or reducingvailable land

below thresholdsisefulfor different types oprimary productionRestricted_and Supply
estimates indirect effects of land fragmentation by considering potential reverse sensitivity
effects of one land use on another.

For each level the guidelines providagortingindicatorsfor the regionclasges) of interest,

and individualpolygons.The indicatorspecifiedprimarily 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 interpretatiomliy gener
more complex and therefore more limited.

Theguidelinesprovide standard methotisat can be adapted to suit the requirements of each
regional council system. The methods include procedures émmpiling a centralised
regionalland fragmentatiodatabaseisingpublically available dataandb) generating

indicators for reportingA specific implementation of the methodsArcGIS and associated
Python codés providedin atechnical appendix an examplend possibl@edaptation to
specificregiona council systems

The use of public dataasbenefits andimitations. Benefits include reliance on uniform,
authoritative and independent (i.e. rouncil) data; avoidance of data access issues; and
varying frequencies of data updates to support mongf both longeterm and shorter

term trendsLimitations include any inherent limitations in the primary data used as well as
the need to usaference in some casd3lespite theskmitations,reliance on public data
avoids common issuessociated th proprietary datancluding lack ofaccess talatg
inconsistent data, or restricted use of data

Thecurrentguidelines focus on providingn initial set ostandard methods and basic
indictors to facilitateconsistenpanregional monitoring and reporting as requested by
regional councilsHowever we expect that thenderpinning database, methods and
indicatorswill be further enhanced and tailored to meet specific reedsgional councils
gain experience in theirse and application.

Pagevi Landcare Research



National Guidelines for Monitoring and Reporting Effects of Land Fragmentation

LEVEL I: MAXIMUM LAND SUPPLY

Method Interpretation
Region Ared Selectediophysical Networks Estimate land supply using a regional mos
Indicators created by dividing the region into polygor

using a combination of selected biophysic

Region: Class: Pol){gon networks (e.g. transport, rivers & streams,

Land Supply (hectares) Class Land Supply (optional): etc.)

Number of Polygons  (hectares) Polygon Area  pagional mosaic polygons represent the

(scalar) Number of Class Polygon (hectares) largest contiguous land areas potentially

Polygon Size Distributioi(scalar) Polygon Shape available for primary production without

(graph) Class Polygon Size considering any additional constraints, e.¢
Distribution (graph) current land use/cover, property

rightgsubdivision, ownership

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

LEVEL II: KNOWN LAND SUPPLY

Method Interpretation
Maximum Land SupplyUrban Areag Protected Areas Estimate land supply excluding known
Indicators urban/built-up and protected areas from tt
Maximum Land Suppl
Region: Class: Polygon XImu upp y
| K al Land Supp] (optional): Known Land Supply includes areas not
Known Land Supply hown L1ass Land supp currently under primary production but
(hectares) (hectares) Polygon Area  ,sentially available for conversion, e.g.
Known Number of Known Number of Class (hectares) unprotected indigenous forest, weeds, etc
Polygons (scalar) Polygons (scalar) Polygon Shape
Known Polygon Size  Clas$Polygon Size (scalar)

Distribution (graph) Distribution (graph)

LEVEL lll: LIKELY LAND SUPPLY

Method Interpretation
Known Land Supplyt I NOSt & > { AT S ¢ KNS aEstimate land supply excluding likely area
Indicators of diffuse rural residential development (e
- lifestyle blocks) from Known Land Supply
Reglon Class Z,O%gﬁ;)- using indirect evidence
Likely Land Supply Class Land Supply P : Parcel size threshold can vary to reflect
(hectares) (hectares) Polygon Area oo ational requirements of different types
Number ofPolygons ~ Number of Class Polygon (hectares) of primary poduction
(scalar) (scalar) Polygon Shape pacels of appropriate sizes without
Polygon Size DistributiolClass Polygon Size (scalar) Electoral Address Points can also be uset
(graph) Distribution (graph) assess future potential for land

fragmentation, e.g. subdivided land still
under primary production

LEVEL IV: RESTRICTED ISANIPLY

Method Interpretation
Known Land SupplyBuffer Areas of Specified Land Uses Estimate land supply to include potential
Indicators indirect effects of land fragmentation (e.g.

reverse sensitivity) by excluding areas of

Region: Class: Polygon ) Likely Land Supply within a buffgistance
Restricted Land Supply Restricted Land Supply (optional): of specified neighbouring land uses.
(hectares) (hectares) Polygon Aréa  gpecification of neighbouring land uses ai
Number of Polygons  Number of Class Polygon (hectares) buffer distances can vary as required to
(scalar) (scalar) Polygon Shape reflect relevant policies, plans and rules
Polygon Size DistributioiClass Polygon Size (scalar) although some standards will be needed t
(graph) Distribution (graph) support panrregional and national analgs.
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1 Introduction

Landcare Research and the Regional Council Land Monitéongm collaborated on & 2
year(January 2018 December 2014&nvirolink Tools Project (CXXXXX) funded by the
New ZealandMinistry 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

= =2 =4 =4

Reporting

Thebackgroundsectionsummarigsthe need for consistent, national guidelines for
monitoring and reportingrends in and effects ¢dind fragmentatiobbased on a review and
associated survey of regional council policies, pland current monitoring effort3he
development and overviesection summases the key considerations and principles
followed during glideline development and provides a broad overview of the guideline
structures and methodBhe indicators and methods sectmitlines the recommended
methods for monitoring and reportitrgnds in and effects ¢dnd fragmentation including
development ban underpinning database aspkcification of indicators for reportinghe
reporting section providess sampleegionalland fragmentation report for useasemplate
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 (Curr@ournane et al. 2014; Godfray et al. 281 Mackay et

al. 2011;RSNZ 2011; Smith et al. 2010). Some land uses impact on the paiemstial,
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 el incompatible uses (i.e.

reverse sensitivity) (Andrews & Dymond 2012). The restriction of future lesedoptions
represents an opportunity cost that should be considered in policy, planning, and resource
management decisions that affect the allocatidand 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 stfter parcels. Such trends are particularly evident for highly
capable |l and. Just over 5% of the New Zeal an
classified as having high capability land (Rutledge et al. 2010), defined as land with Land

Use Capability lasses | or 1l (Lynn et al. 2009; Stephens et al. 1996). LUC clad$esntl

[l 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 198902 (Rutledge et a2010).

Conversion of LUC class | and Il land to urban uses raises concerns because of the

comparatively high productive capability of this land as well as its Idrat¢ent.

The Resource Management Act 1991 (RMA) provides a clear mandate for the martageme
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 resouaces
way, or at a rate, which enables people and communities to provide for their social,
economic, and cultural webleing and for their health and safety whiile

a) sustaining the potential of natural and physical resources (excluding minerals)
to meet the reasaibly foreseeable needs of future generations; and

b) safeguarding the lifsupporting capacity of air, water, soil and ecosystems, and

c) avoiding, remedying, or mitigating any adverse effects of activities on the
environmen{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 asses<isipa 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 igia athreetiered administrative structuiecentral, regional

andterritorial government authoritieBolicy and plan documents at each tier of government

sit within a o6hierarchyd, with each subseque
to higher order documentRegional and territorial authorities have be&stablished to be
complementary, cooperative bodigeghin 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 nati@ralironmental standards (NE® provide
nationaldirecion tolocal level decision makindresponsibility for regional policy and
regional consenting matters is tlesponsibility of regional andnitary authoritieg while
local policy and consenting is the respondipidif 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
Statement$RPS)and regional plangrepared by Regional or Unitary Councilthe 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 areequired 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 resourcegythdeveloping 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
demandsincludingagriculture, forestry, housing, recrieeat, tourism, and eargy production,
aswell as being responsible foonservingoiodiversity,managingoiosecurityrisks,
maintainingclean water and air, iconic landscapes, and access to landttoakcand

spiritual purposes.

2.1 Review of land fragmentaon issues and responsea 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 regionswas only of medium or low importance (Tali)e 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 sa&s, hotspots include areas where subdivision for-resadential
development (e.qg. lifestyle block) is occurring close to urban centres on land with relatively
high productive capability.

While land fragmentation is commonly an issue regionally or Ipcalir 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 telogy 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 regdaded on a literature review,

numerous definitions or conceptions of land fragmentation are used internatisneli\gs:

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

! Unitary authorities carry out combined regional and district council responsibilities.
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parcels that make up an individual farmgahe 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 uplanned rural residential development can be expensiviorcils 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 implemastdrable

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 unithoritas

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 arrangememigléonent 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 polgcie

Nationally, regional and district coordination regarding land fragmentation issues was mixed.
Some relationships were considered strong and effective. The Future Proof strategy in the

Wai kato and the Heretaunga P| aamplessitedoAt egy 1 n
effective collaborative efforts between regional councils, territorial authorities, and iwi to

develop and agree coordinated plans to manageegjidnal growth over long time horizons.

Several other successful cases were cited wherect{gin provisions effectively manage

rural residential subdivision on land with high productive capability.

Other relationships were considered dysfunctional orexastent, thus creating fundamental
barriers to achieving policy goals. Lack of distritrpprovisions 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 fragmentationireg 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 importanpelicies, rules and monitoring by regidRegional
Councils are listed geograpbiqaljy from northAtq south anq west toRFSt= Regional Policy Statemefihe
number of stars indicate high ( | ), medium { | ) or low (I ) regionalimportance

Policies & Plan Rules

. Regional 1st Generation 2nd Generation Monitoring
Region &
Importance Policies Plan Policies Plan Reportin
Rules Rules b 9
Northland 111 X A X A A
Operative RPS 199 Proposed RPS 2013
Auckland Til X A X X X
Operative RPS 199 Proposed Unitary Plan (Rural
2013 Zones)
Waikato TT1 A A X A X
Operative RPS 200 Proposed RPS 2013
Bay of Plenty 111 X A X A A
Operative RPS 199 Proposed RPS 2010
Gisborne 111 X A - - A
Operative RPS 200
I 61SC i A A X A A
(Heretaunga Operative RPS 199 Operative RPS 2006
Plains locally (RPS Change 4 2011
important)
Taranaki 1 A A A A A
Operative RPS 199 Operative RPS 2009
Manawatu A ~ ~
Whanganui ! X A X A X
(Horizons) Operative RPS 199 Proposed One Plan 20: (Ad hoc)
Wellington i X A X A X
Operative RPS 199 Operative RPS 2013 (Ad hoc)
Nelson i A A - - A
Operative RPS 199
Marlborough 1 X X - - X
(Wairau Plains Operative RPS 199 (Rural
locally Zones)
important)
West Coast 1 A A - - A
Operative RPS 200
Tasman [N X X - - A
Operative RPS 200 (Rural
Zones)
Canterbury i X A X A A
Operative RPS 199 Operative RPS 2013
Otago i1 A A - - A
Operative RPS 199
Southland ] A X A

Operative RPS 199 Proposed RP&)12
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2.2 Need for guidelines and indicators

While land fragmentation is an increasingly important issue, few councils currently monitor
land fragmentatioiTable 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 atrihtional level. Longerm 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 treriddand fragmentation and its associated effects to provide
the evidence needed to gauge policy effectiveness.

The absence of standard guidelines, methods
monitor and report land fragmentation accuraselg consistentlyAs a result, the

communication of information regarding land fragmentation among councils (regional and

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

the correlation of regional indicatorsrfland fragmentation at the national level and the

sharing of data between regions become diffigiten the current lack of a nationally

consistent approachio address current gaps in monitoring and reporting land fragmentation

and its associated effis and riskspationalguidelines are needed to:

1 ensure consistent characterisation of land fragmentation and the drivers of land
fragmentation (e.g. land valuation and demographics) at local, regional and
national scales

1 guantify the effects of land fragentation on land and soil resources
T understand the implications for allocation of land resources anetéomg
productive opportunities of the land and thresholds for productive use options

Avalilability of national guidelines for monitoring lafichgmentation willyield several key
benefits

1 Provide consistent, enduring monitoring of land fragmentation trends nationally,
regionally, and locally

T Support nationally consistent State of Environment monitoring and reporting
guidance for land fragmenian

1 Inform policy decisions by helping identify where land fragmentation policies are
effective and where they are not effective

1 Improve the clarity and accuracy of communicating the impacts of land
fragmentation on primary production and raising the isguess scales.
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3 Development and Overview

This sectiorprovides a broad overview of the guidelinpsovides a working definition of
land fragmentation, and outlines tkey considerationand principles followeduring
guidelinedesign and development.

3.1 Overview

Landscapes are dynamic and change constantly due to natural anuadk&processes

operating at different spatial and temporal scdle®r time some landscape features may
decrease in extent and the remaining areas may become more isolatecchrathes.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, aadincreag indistance among remaining features.

Competition for land amondifferentuses is one important process driving landscape
changeResearch to dateas documentetthatland use conversions are decreasing the total

land supply for primary producticacross Bw ZealandRutledge 2008Rutledge et al.

201Q Mackay et al. 20L,JAndrews& Dymond 2012CurrarrCournane et al. 20)4

Regional councils are concerned that those trends will continue, especially in the face of
increasing demand from competing uses achrban ad residential development, andll
continue to reduce plienaryplodugtiomndoés capacity fo

Regional ouncils ar€urtherconcerned because research and monitohing farhave
focusedprimarily on documenting thguantityof changei.e. total area converted either
nationally or by region. To date councils have limited understandogmyding the patterns of
conversion anthe potential additive impacts that migh¢ generatetbr primary production.
Remaining areas may become toa#rar too isolateqfragmentedfrom one another to

viably support certain types of primary productiérnbetter understanding stich trends

locally, regionally and nationally would help regional councils evaluate current and possible
future land use opns, develop appropriate policy, plans and rules, and contribute to meeting
evolving societal needs and desired outcomes.

The main purpose of the guidelineshsreforeto help regional councils answer the
following question:

What is the currertand supply for different types gbrimary productiorand howhas
land supplychangedn the past andhow might it change intthe futuredue to direct and
indirect effects of land fragmentation?

Broadly, theapproach takemvolves periodically applyinghcreasimy levels ofpublically
availableinformation toprovidefour progressivelymore restrictiveestimates ofland supply

for different types oprimary productiordue to direct and indirect effects of land
fragmentationDirect effects include any changesland supply at a particular location that
result from changes at that locatidndirect effects include any changes to laogplyat a
particular location that result from changes to adjacent or neighbouring locations. Direct and
indirect effects can occundependently 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 pregub guidelines will aid monitoring and

reporting within individual regions, facilitate comparisons among reganhelp underpin
consistent and robust national analysis and reporting.

3.2 Land Fragmentation: Working Definition

As noted earlier, a consistaggfinition of land fragmenteon in New Zealand is lackind.he
guidelinesthereforeadopt the following working definitioto facilitate shared analysis and
discussion:

Landfragmentation is any divisioof one or more aspects ofand 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
marntmade disturbance events. In that regarsl consistent with similar definitiorfeund in

the literaturg Forman 1995Rutledge 2008 The definition isalsointended to béexible

anddoes not prescribe any particupapcess otlivision/fragmentation or any particular

aspect of a land resource.

3.3 DesignPrinciples

While designing andeveloping the guidelines for monitoring land fragmentatiegional
councils outlinedour key designprinciplesto follow:

1) Develop methods and indicators usable by all regional councils to support
consistent, national monitoring and reporting

2) Keep methods and indicatossmple in the beginningndintroducecomplexity as
needed

3) Avoid subjectivityas much as possibiecluding theuse ofcontextuakermssuch
asii hi g hsoilsl aosrs A hi glanby ver satil e

4) Use only nationally consistent, publicallyailable and authoritative ungénning
data.

Keeping the design principles in mind, especially the availability of natiooatigistent

public data, the guidelines take a practical approach and consider the following three key
aspects of land resourcit collectively influence patterns of land use across landscape and
regions:

1 Biophysical featurege.g. land cover)natural or mafmad features such as
topography, hydrological networks or infrastructoegworks

1 Propertyrights: where and/or when agities may or may not occwas delineated
by land titlespolicies, plans, rulegovenantsetc.individually or in combination

q Ownershipdeciding where and when to undertake which activities.
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The most is known abobiophysical features (i.éand coer) from data sources such the

Land Cover Database and LINZ topographic information. With the public release of the
cadastral databady LINZ, information on property rightsas increasedncluding location

(e.g. parcels and lots) and in some cases fapearpose (e.g. roadsturrent ownership
information principally distinguishes most public from private land via data layers such as the
national conservation estate managed by the Department of Conseraksiotine parcel
databaseand the Protecteflreas Network (PANNZ) database informallgnaintainedoy

Landcare Research.
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4  Guidelines

This sectiorprovides the guidelines for monitoring and reporting trends in and effects of land
fragmentation on primary productiofhe guidelines include a concegitoverviewof the
approachmethodgor compiling the underpinning databaased calculating recommended
indicators and a template to use for monitoring and reporfiing. methods providedo not

have any specific technical requirements (e.g. operating system, geographic information
systems, etc.) and could be implemented withinragyonal council systerny a competent
spatialanalyst Appendix 1 containan example of the methods implemented asries 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 othesteigiparties.

The application of these guidelinedivielp regional councils assess land fragmentation
trends regionally, highlight differences among different types of primary produatidn,
pinpoint local issues for further investigation via more itkrlainterrogation of information
on individual polygons or perhaps 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 atrfpuogressivelynorerestrictive levels:
Maximum Land SupplyLevel I) > Known Land SupplyLevel Il) > Likely Land Supply

(Level 111) > Restricted_and Supply(Level IV) (Table2). The first three levelprimarily
estimatethedirect effects of land fragemtation, e.g. changes that reduce the total land
supply bydividing land resourceselow thresholds useful for diffaretypes of primary
production Restricted_and Supply estimatdbeindirect effects of land fragmentation by
considering potential revee sensitivity effects of one land use on another.

For each level the guidelinesonitor the same set ofdicatorsto promote ease of

calculation, facilitate comparability among leyeladhelpinterpretation. The set of

indicators includetand 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 fnm the underpinning database bHutirinterpretation is generally more compjex

their utility is limited andthey areherefore not currently recommended.
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Table 2 Overall land fragmentation monitoring and reportirgmework

LEVEL MAXIMUM LAND SUPPLY

Method Interpretation
Estimate land supply using a regional mosaic created by dividing tf
region into polygons using a combination of selected biophysical
networks (e.g. transportjvers & streams, etc.)
Region Area Regional mosaic polygons represent the largest contiguous land ar

Selected Biophysical Networks

potentially available for primary production without considering any
additional constraintse.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
t I NOSta X {ATS
Electoral Address

Estimateland supply excluding known urban/builp 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. unprotectec
indigenous forest, weeds, etc.

LEVEL Ill: LIKELY LAND SUPPLY

Method

Interpretation

Known Land Supply
t I NOSta X {ATS
Electoral Address

Estimate land supply excluding likely areas of diffuse rural resident
development (e.g. lifestyle blocks) from Known L&ughply using
indirect evidence

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

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

LEVEL NRESTRICTEBND SUPPLY

Method

Interpretation

Known Land Supply
Buffer Areas of Specified Land Ust

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 vi
as required to reflect relevant policigslans and rulesalthough some
standards will be needed to support paegional and national
analyses.

The primary indicator reported at each level is land supply for primary produatioan
estimated answer to the question posed gbioveo w  md is vailabée fior primary

p r o d u.dntthatoagardthe recommendeghonitoring and reporting focuses primarily on
the outcome(s) of land fragmentation for primary produgctidmch is the key issue of
interest to regional counciland secondarily orhe process of land fragmentation.
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Land supply is first estimated for individual polygoms. estimate land supply for different
classes, such as for a specific type of primary production, thedrpalygons greater than
or equal to a size threshdgecific to that clasare summed. To estimate the regional land
supply, the aresof all polygons are summed together. By definitiand supply for any
individual class will be less than or equal to the regional land sup@ypécted trends in
land competition and landise change continuestimates ofand 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 polygo(scala), polygon size distributiofgraph) andan
optionalpolygon shapendex (perimeter to area ratibglp monitor the process of and trends

in land fragmentationlhe 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 producliomlar 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 moreabmsiity. Thebroad
trendwould likely bean overall decrease as more polygons become smaller/are created that
havelower perimeter to area ratios, although some polygons may show increases in the index
value depending on the way in which division occurs.

The nonamarine regionaboundaryserves as the starting point (Arafanterestor AOI) for

the analysis including thetal normarine arean hectares for the region. Each level then
identifies areas known or likely to be unavailable for primary prodnend subtracts those
areas from the AOI to estimate land supply for primary production, either overall or for
specific types oprimary production as needed. Layering builds on itself as the land supply
from a higher level serves as base for analydiseanext lower levelAs a resultestimates of
land supply for primary production become progressively smallefdierhectares) and
more restrictive going from Level | to Level IV.

Maximum Land Suppl (Level |) is estimatedby overlaying water (rives; lakes, ponds) and
transporinetworks (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 delins@&eontiguous area available for

primary production (on land) without considering any additional constraints including current
land uss (Fig 1). In other words, the resulting polygons represent the lafigest e e t 0

0 p e r carttigu@us areas potentiatlyailable to primary productiomlthough clearly the

actual area available will be smal(&ig. 2a). Nonethelesghe resulting regional mosaic of
polygons provides a useful coarse filter to evaluate and compare land fragmentation trends
both spatily and temporally within and among regions. For examgdiglitions 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 sea@ aspcto met ed 0 of
fragmentation. In additigrpolygons can be given unique IDshtelpmonitoring 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 Suppl (Level 1l) is estimatedy identifying known areas of ngorimary

production land uses and excluding them from the Maximum Land S(figly2b). The
principalareas identified include urban and protected afidasformer come from the Land
Cover Databse and LINZ topographic data and the former come from the Protected Areas
Network (PANNZ) database unofficially maintained by Landcare Reseditodexclusion

of urban and protected areas has multiple effeatkiding removal of many of the smallest
regonal 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 Ill) is estimated by identifying likely areas of diffuse urbarakur
residential development (e.qg. lifestyle blocks) from the Known Land Sypjgy2c).

Regional councils identified the continued growth and development of rural residential
development as a key motivator for improved monitoring of land fragmentatiatsand
effects, as research has demonstrated that such development has potentially significant
impacts on land and soil resourcBsifledge 2008Rutledge et al. 203@Andrews &

Dymond 2012 CournanCournane et al. 20)4Consideration of such developmentsvwae

of the more challenging aspects of land fragmentati@ssegivenreliance on public data.
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Figure 2 Example AOlsoutheast of Hamiltoshowing(a) Maximum Land Supply, (biknown Land Supply,

(c) Likely Land Supply and (drestricted_and Supply. White areas represent water and transptwirks

grey areas represent urban and protected areas, orang
in sizg respectively, ad crosshatched areaspresent buffear eas O 100 meter sinfrom parc
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 datéerSrarcels (e.g. 4
hectares or less in size) with electoral address points correspond well to locations of existing
rural residential development (Figs8). Electoral address points represent legadfined
addresses listed by a person when enrotlingpte and are updated as part of the cadastral
database system maintained by LINDAgethemparcels and address poicstnstitutea
nationallyconsistent, frequently updated means to track likely trends in rural residential
development. As evidenced ingkres 3 8, 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.
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Aerial image ©2014 DigitalGlobe via GoogleMaps

Figure 3 Example of parcel® 4 h e c t with electoral address poats near OmisRoad, Auckland

Grey areas represent urban areas (i.e.-bpilireas) and light green areas represent agriculture (i.e. high
producing exotic grssland) as identified by the Land Cover Database. Black repsgsgoel boundaries
greater than 4 hectares in size. Blue represents parcel boundaries less than or equal to 4 hectares in size.

Figure 4 Example of parcel® 4ctarfesein sizevith electoral address points neéid Coach Road, Tasman
Grey areas represent urban areas (i.e.-bpilireas) and light green areas represent agriculture (i.e. high
producing exotic grassland) as identified by the Land Cover Databasi f8presestparcel boundaries
greater than 4 hectares in size. Blue represents parcel boundaries less than or equal to 4 hectares in size.
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