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Executive Summary

Current @ographical information system (Gl&sed land use mapare an essential
requirement for understanding and modelling the effects of land use on water quality. The
National Policy Statement for Freshwater Management (RM$ Science Programme and the
Southland Economic Project are building understanding to inftwersetting of catchment limits

for water quality in SouthlandThe maps and datasets behind them will have multiple roles
within  Environment Southland; primarily to inform catchment contaminant loss and load
calculations, and regional economic impact assasnts of policy options to meglicytargets.

This capability includes tracing forward linkagegsom water bodies up the transport pathways
for contaminants to the land and its use, and through to the economy; as well as tracing
backward linkageg; from the economy to land use and the land, down the contaminant
transport pathways to the water bodieshis technical report details the background and
methodology for the development of Gifased Land Use Maps for Southland.

Due tothe varying requirementsvithin Environment SouthlandGIS layers have been produced

at variousscales, levels of detailand time periodsTheSouthland Land Use Mapovides a land

use classification for each property in Southlgprbperty scale)ncludinghectares of land car

(pastoral, cropping, forestrgnd wetlands) The Southland Land Use Map has been constructed

using a modified version of Agribd¥g¢externally collected survey information from thousands

of Southland land ownersand Land Cover Database (LCDB versidl), 4Protected Areas

Network (PAN0 %2 HAMNUX 9YPBANRBYYSYy(d {2dziKflyRQa wSazdz
primary industries¢ KA & fF@SNJ Oy 0SS dzASR (22 NyGKSHN VIKZ &
KS Ol I NBeigMektibns about land use in Southland.

From theSouthland Land Use Maa Technical versionvas developedvhich combinesphysical
attributes (topography rainfall, and soil drainageland coveiand winter foragecrop areas with

the land useinformation for the property;as well ag-reshwatetManagement Uni (FMU)and

{ 2 dzii K tPhygidy@ghiczones The technical map isequired to answer more specific
guestions about hectares within a land usépe class, rainfall zone, and soil drainage range in
addition tomanagement zones ¢tMU or PhyisgraphicUnit.

In addition,Historicland use mapshave been developed fahe 20 year period between 1996
and 2015 which correspond to LCDB imagery daid® land use methodology amthssification
has been refined to fit what is achievable througlthe data sources availabld.CDBv4.],
Department of Conservation Estat®Ell National Trust covenangs)d ES dairy layersA 2015
version haslsobeen createdising this methodor comparison with the more detailed property
land use map.

An earlier version of this document was reviewed by Landcare Research and recommendations
have been adopted regarding data sources and mapping methodologies. Environment Southland
has the capability taupdate the mapusing the current methodologpn a sixmonthly basis.
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1. Introduction

Land use can be defined as the activity or activities for which land is used, and the same land can
support multiple uses (Rutledge et al., 2009). Land use identifies tipgel for what the land is
committed; which includes production of goods (such as crops, timdr@mal producty and
services (such as recreation, puldiervicesand natural resources protection). It differs from

land cover, which describes the physical state of the land (vegetation type, soils, exposed rocks,
water bodies) (Lesslie, 2004). many classifications, land cover is treated @ dactoland use

class. Land use statistics provide information on the function and purpose for which land is
currently used and, if tracked over time, how land use changes (Young 1998).

Appropriate land use information requires consideration of three interrelated aspects or
dimensions: information, space, and tim@®utledge et al., 2009)Environment Southland
requires current spatial land use information particularly for the agricultural and forestry
sectors by property, at a minimum. However, as land use information éfulufor general
business across the coundihis project develops a methodology for mapping land usath
urban and ruraljn combination with land cover, to provide a resourceiriform, monitor, and
allow reporting on land use and change across theutBtand region.Monitoring current state

and trends in land use in Southland enables the Council and public to understand the extent and
rate of land use changehus providing a platform to draw linkages between the state and
response of other interlinkedesources, such as soils and fresh water. Furthermore, it provides a
baseline with which to measure future changes against sungbort the management of the
regions natural resources

1.1. Environment Southland Science Programme and Southland
Economic Projec  t

The National Policy Statement for Freshwater Management ffW)SScience Programme and
the Southland Economic Project adeveloping tools to buildunderstanding to inform the
setting of catchment limits for water quality in Southland. This capabilitjuites forward
linkagesc from water bodies up the transport pathways for contaminants to the land and its
use, and through to the economy; as well as backward linkedesn the economy to land use
and the land, down the contaminant transport pathwaydte water bodies.

In Southland, policy processes to set limits for fresh water are planned to start froéwatin

W2} GSNJ FYR [FYR Hnanun g9 . S82yRQ® Ly LINBLI NI (A:
Environment Southlando understand the agricultte sectors use of fresh water, particularly in

terms of nutrient losses (nitrogen and phosphormgdelledusing OVERSERRitrient Budgets,

version 6.2) andnanagement Nutrient modelling and economic modelling is an essential part of

the limit setting process as limits will need to be obtainable within realistic timefrafrresland

use map becomes the key point of integration between the Science Prograamuiethe
EcommicProject to ensure consistency of information used within Environment Southland.
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1.2. Project Description and Objectives

This project has been developéallowing onfroml RSl Af SR aiddzReé 2F W[ Iy
{ 2 dzil Kt I Y RLedgBra{203a). (edgard (2018) covered the time period 860 to 2011

but was limited by a lack of spatial information for the regi®herefore this project aims to

develop the spatial capability to record land use information in Southland is being

developed undethe Wand Use Inpuf@heme of the NPSM Science Programme&he projecis

necessary to infornthe two other themes,\Fluxes and Flowind BEcosystem Respor@ed ¢ KA a
projectis alsolinked to the Southland Economic Projeethich is assessing the econiocnimpact

of policy optionsand requires current spatial land use information

The primary objective of this project, within the NPEl Science Programme, is $patially
represent land use in Southland toform catchment nutrient loss and load calcutats and
assess how loads to receiving environments have changed overatighevill change into the
future. To achieve this objective thgroject will be undertaken in two stages

Stage oneis to develop a methodology for current land use mappwwbich can be used to
inform on the following:

- Land use of a propertiactivity, farm typeor purpose)

- Land cover within a propertfindication ofintensity, range of activities occurrifig

- Effective (productive) areas of a property for intensity and contaminant loss estimations

- Winter grazing area& critical source of contaminarnts

- Biophysical properties within land uses (topography, climate, soil drainage)

- Areas under irrigation for wat quantity resource management

- Assess potential changes in policy on the region

- 1aasSaa GUKS STFSOGA@SySaa 2F GKS w{2dziKfl yR

The land use mapeedsto have tte ability to report usinglifferent units of analysis

- number of properties

- hectares of a land usar land cover
- industrygroup

- activity within a land use

Theland usemap also has to be able e usedat different scales

- Southlandregion

- Reshwater Management Unit (FMU)
- Physiographic Unit

- Lake or Riveratchment

- Capture zoe of a monitoring site

- Property

- Activity (i.e. winter grazing)

To achieve these requirements and meet the multiple needs within Environment Southland,
different versionf a land use mapvill be required. A land use map at tpemaryparcel scale

will allow for the assessment of land use change over tithis layer can then be displayed at
the property scale for general use around Environment Southland. Combininghyssical
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information and other spatial information (winter grazing areas, irrigatieith the property

scale map produces a technical version of the land use map for more detailed land use
assessments and will satisfy the requirements of the-RMSScience Programme and Southland
Economic Project.

In additionto a current land use magStage onealsoincludesthe development ohistorical land

use maps for the years 1996, 2001, 2008, and 20&fich correspond to Land Cover Database
(LCDB) imagery dates, andpee-Maori (c. 1000 Apland cover mapo inform the primary
objective Forcomparison between the current and the historical land use map meilugy, a
2015version is requiregbroduced using the historical methoHlistorical maps are necessary to
AYF2NY (GKS wooO2aeaidSYy I1SIftGKQ aOASyO§ondsi KSYS
estuaries and lakes have changed over time.

Stage two of this project involves the distribution of farm data collected by industry
representatives across the land use map to inform nutrient loss calcula@tsion2.3 contains

a brief summary of &age two methodologies.Stage two will be presented in a subsequent
report.

This technical report details the background and methodology for Stage 1: the development of
GlSbased Land Use Maps for Southladth earlier version of this report was reviewdy
Landcare Research and the methodology has been revised to implement their recommendations
into this final version (Rutledge et al., 2016).

1.3. Abbreviations and Technical Terms

This section briefly describes some abbreviations and technical terms tbhsaaighout this
report.

1.3.1. Abbreviations

GIS Geospatial Information System (spatial mapping and analysis software)
ES Environment Southland (brand name of Southland Regional Council)
NPSFM National Policy Statement for Freshwatdanagement

FMU Freshwaer management unit

LINZ Land Information New Zealand

LCDB Land Cover Database (versions4.1)

PANNZ Protected Areas Network New Zealand

DOC Department of Conservation

QEll Queen Elizabeth Il National Trust

N Nitrogen

P Phosphorus

Beef+LambNZBeef and Lamb New Zealand

DairyNZ Dairy New Zaland

DINZ Deer Industry New Zealand

FAR Foundation of Arable Research

StatisticsNZ  Statistics New Zealand
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1.3.2. GIS technical terms

ESRIArcGIS; commercial software for creating and working withaps and geographic
information.

Geodatabaseg an ArcGlgeodatabasés a collection of geographic datasets of various types
held in a common file system folder

Featurec A representation of a reakorld object on a maprhe features used in this report are
polygons and points

Attribute ¢ Non-spatial information about a geographic feature in a GIS, usually stored in the
attribute table and linked to the feature by a unique identifier.

Attribute table ¢ A database or tallar file containing information about a set of geographic
features, usually arranged so that each row represents a feature and each column represents
one feature attribute. In a GIS, attribute tables are joined spatial data layers, and the attribute
values they contain can be used to find, query, and symbolise features or raster cells.

Field¢ A column irthe attribute table whichstores valuefext for a single attribute.

Feature Classg A collection of geographic features with the same geometry typeh(siscpoint,

line, or polygon), the same attributes, and the same spatial reference. Feature classes can be
stored in geodatabases, shapefiles, coverages, or other data formats. Feature classes allow
homogeneous features to be grouped into a single unidfa storage purposes.

Selection query¢ Structured Query Language (SQL) is a standard computer language for
accessing and managing databases. SQL expressions are used in many parts of ArcGIS and its
extensions to define a subset of data on which to parfan operation.

Definition query ¢ A request that examines feature or tabular attributes based on-ssécted
criteria (SQL query) and displays only those features or records that satisfy the criteria.

Field calculator¢ A tool used to perform mathematal calculations to set attribute values for

the selected records, within a field.

Spatial joing A type of table join operation in which fields from one layer's attribute table are
appended to another layer's attribute table based on the relalbaations of the features in the

two layers.

Join ¢ Appending the fields of one table to those of another through an attribute or field
common to both tables. A join is usually used to attach more attributes to the attribute table of
a geographic layer.

Intersect ¢ A geometric integration of spatial datasets that preserves features or portions of
features that fall within areas common to all input datasets.

Clip- A command that extracts features from one feature class that reside entirely within a
boundary defind by features in another feature class.

Merge ¢ A command that combines features from multiple data sources of the same data type
into a single, new dataset.

Dissolveg A geeprocessing command that removes boundaries between adjacent polygons that
have tre same value for a specified attribute, after data has been captured.

Explodeg An editing process that separates a multipart feature into its component features; this
process creates independent features that can be selected and edited accordingly.

Union ¢ A topological overlay of two or more polygon spatial datasets that preserves the
features that fall within the spatial extent of either input dataset; all features from both datasets
are retained and extracted into a new polygon dataset.
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1.3.3. Other technical terms

Parcelg The boundary polygon of a single land holding. One or more parcels fpraperty.
Agribasé" ¢ Database of land use information compiled and maintained by AssureQuality Ltd.
Stock Unitsg A benchmarking system that allows the amountfeéd consumed per annum by
different classes of animal to be compared, and for the total feed consumed by the various stock
classes to be aggregated on a whditgm basis.SU can be used to show stocking rates on a
property regardless of stock type.

Milking platform ¢ Area of land where dairy cows are grazed during the milking season
Supportor runoff block ¢ Area of &nd where dairy cows are grazed when not being milRdiils
land is either owned or leased by the dairy farm and may or may not be coniguou

Winter off ¢ When diiry cows are relocatedff the milking platformfor grazing over winter
months.

Effective area; Productive area of a farmsed for the agricultural activity.

Ineffective area¢ Other areas of a property that are not used for thgricultural activityor
primary land use

OVERSEERutrient Budgetsg OVERSEER isagricultural managemertbol whichcan be used

to examine nutrient use and movements within a farfrhe computer model calculates and
estimates the nutrient flows in productive farming system and identifies risk for environmental
impacts through nutrient loss, including run off and leaching, and greenhouse gas emissions
Catchmentg the area from which rainfall flows into a river, lake, or estuary.
Receivingenvironmert ¢ includes rivers, lakes, wetlands, estuaries, harbours and the open
coastline that receive water from the above catchment.

2. Background

2.1. Land Use in Southland

Over the last 150 years, the landscape of Southland has undergone major changes in land use
andA Y USYaATFTFAOIGA2Yd 5dzNAYy 3 (KS e cleathga largel NI @
areas of native bushnd draining of wetlandso develop pasture across the region. Increasing
wheat, meat, and dairy prices inthe3®Qa &l ¢ (KS NdadtdhkaRandaad alafge A 2 Y
increase in sheep numbers. Areas such as the Waimea phaihorthern Southlandwere
developed for cereal production, while largeeasof native forest were cleared for agriculture

on the Southland plains (Cutt, 2006; Ledg&f@il3a).

Changes in land use was commonly thought to be driven by population expansion and food
availability; however it is now widely recognised that modern day land use changes are
predominantly driven by economics (Moller et al. 2008)nce 1985, theréhas not been
significant agricultural expansion into undeveloped areagh land use transitionscurrently
occurring with the expansion of dairy production into previously drystock and armaiglas
(Ledgard, 2013a).

During the 20th century sheep farmingmiinated in Southland peaking at over 9 million sheep
in 1984. Deregulation of the agricultural sector, coupled with strengthening dairy returns and
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relatively low land prices saw dairying increase from 23,000 hectares in 1992 to 184,000
hectares in 2011l dgard, 2013a). Dairy cow numbers increased from 46,656 in 1990 to 731,000
in 2015 (Statistics NZ). This expansion has led to sheep numbers falling to 4,073,000 in 2015, a
level not seen in Southlargince the 1950s (Figure 1).

Total stock units in Soutlthd have remained largely stableetween 10 and 11 million stock
units, since the early 1980s. Data suggests that although intensification is occurring in the sheep,
beef and dairy sectorghe large scale intensification seen in the 1960s and 1970s odxde
through large increases in total stock units) relswed However nitrogen load, based on
excreted N, has continued to increase despite smaller increases in total stock units in the
Southland region (Figure 1; Ledgard, 2013b; StatisticSNZ).

At the sane time, there is increasing evidence that water quality is declining in many areas
across Southlandefivironment Southland, 200@&nvironment Southland and Te Ao Marama,
2010; Moreau and Hodson, 201% arge scale loss of indigenous vegetation across egen

has accelerated erosion processes, reduced biodiversity and led to the increased sedimentation
in rivers and significant accumulatidn estuaries The shift to dairying and expansion of
associated land management practices, such as winter croppihigh are high contaminant
loss land uses, has increased pressures on the regions natural resources to the extédmrinat
have beersignificant declines in soil and water quality across the region. However, this cannot
solely be attributable to the expeion in dairying, aknd previously considered unsuitable for
intensive agriculture is developed duerniew technologies and farming practices, placing further
stress on resources.

12,000,000 Sheep (1 SU) [ 180,000,000
Beef (5.5 SU) H
Deer (2 SU) WL 160,000,000
10,000,000 Dairy (7.5 SU)
Total Stock Units - 140,000,000
----- Total Regional N Load
I 8,000,000 - - 120,000,000,:
'S e
D (=)}
~ - 100,000,000,
S 6,000,000- 3
n - 80,000,000 S
pd
4,000,000 - - 60,000,000
- 40,000,000
2,000,000 ~
- 20,000,000
0 T T — 0

1860 1885 1910 1935 1960 1985 2010
Year

Figurel: Stock units in the Southland regidnom 18602015 (adapted from Ledgard, 2013a and b; Statistics NZ).
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2.2. Southland Water and Land Plan

The National Policy Statement for Freshwater Management (2014) sets out a framework for
managing water quality and water quantity. It includes requirements patect the life
supporting capacity of water; maintain water quality and improve it where it is degraded; and
avoid overallocating water.The introduction of the NRBM has initiated the development of a
new regional plan.

The NP$M includes a requiraent to define the waterbodies to be managed, and set
outcomes, limits, targets and other measures to achieve those outcomeseTraerbodies

have been grouped into Freshwater Management Units (FMUSs) through which the limit setting
process will applyThe objectives, policies and rules will be developed for each FMU. These will
be tailored to respond to the pressures faced within each particular catchment.

2.2.1. Freshwater Management Units

To implement the NRBEM the Southland region has been separatetb ifive Freshwater
Management Units (FMUSs) identified within the Regional Pfdatér and Land 2020 & Beyond)
These FMUs are based aihe amalgamated catchments of the four main rivers (klaf, Oreti,
Aparima and Waiau) and Fiordland and Islands. The FMidsimatlude any surface water
catchment originating from Southland but discharge in Otago, as the headwaters are within the
Southland regionHowever, they do not include areas where water originates from the Otago
region and discharges to Southlarithe FMUs also contain the estuaries at the bottom of the
catchments.The areas of théive FMUs are shown below ifigure2. The FMU suinits have

been named for the receiving environment within, however the area, like the FMUSs, is based on
amalgamated catchments and coastal marine areas.

The Mataura FMU includase catchmens of the Mataura River (Toetoes Estuary, Fortrose),
Tokanui Estuary (Toetoes Bay), Waituna Lagoon, Waikawa Harbour, The Reservoir and Haldane
Estuary, Lake Vincent and Lake Brunton. The Oreti FMU includes the catchment of the Oreti
River (NewRiver Estuary) and Bluff Harbour. The Aparima FMU includes the catchments of the
Aparima River (Jacobs River Estuary), Waimatuku Estuary, Lake George, Colac Bay, and Monkey
Island (Te Waewae Bay).The Waiau FMU includes the catchmittie Waiau River (Alau
Lagoon), Lake Te Anau and Lake Manapouri. Fiordland and the Islandsnéliti¢s the
catchments of Lake Hauroko, Pickersgill Harbour (Dusky Sound) and Waiuna Lagoon on the
mainland and Freshwater Estuary on Rakiura (Stewart Island). These catchoertied

within the FMUs are those which are monitored for a range of environmental parameters by
Environment Southland.
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Figure2: Fresh Water Management Units for Southland.
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2.2.2. Physiographic s of Southland

¢ K Bhysiégraphics df 2 dzii K f I ydRaQps HiNFoatt8abdilandscape into areas with similar
inherent properties that exert a distinct influence on water quality outcomes (FiguteBes a
range of methodologies to distinguish regional hydrochemistry and water qualitierpa
(Rissmann et al., 2016)he Physiographics of Southland Part 1 report identifiedfollowing as

key drivers of spatial and temporal variability in hydrochemistry and water quality across the
Southland Region:

- Precipitation sourcgCoastal to Alpie)

- Recharge mechanisrfLowland land surface recharge, Bedrock river recharge, or Alpine
river recharge)

- Geology and soil compositiofiParent material type and aggeFelsic (young), Mafic (old)
Peat)

- Redox settingOxidisingow potential to Reducinghigh potential)

The physiographic project identified nine units across Southland which are detailed further
below (from Physiographics of Southland Part 2; Hughes et al., 2016a). Three physiographic units
were identfied in areas receiving rainfall or large volumes of runoff from headwater catchments,
each exhibiting differing hydrochemical and water quality characteristics:

- Alpine - high elevation areas receiving large volumes of dilute precipitation (including
seasmal snowpack accumulation) falling on steep topography;

- Bedrock/Hill Country- rolling to steep sukalpine areas with carberich soils receiving
elevated rainfall and, in places, runoff from alpine areas.

- Riverine- recent alluvium along the margins tiie major rivers where recharge from
alpine-derived catchments provides significant dilution of local land surface recharge.

In flat to rolling lowland areas, land surface recharge (via mtatrivypass flo) forms a larger
component of the overall watebalance. In these settings, water quality (in terms of nutrient
concentrations and loads) is significantly influenced by the overall redox setting in ttendoil
underlying saturated zoneFour different physiographic units are recognised in these
environments:

- Oxidising- well drained (oxidising) soils overlying (oxidising) alluvial deposits;

- Gleyed - imperfectly to poorly drained (reducing) soils overlying (oxidising) alluvial
deposits;

- Lignite/Marine Terraces well drained to imperfectly drained (generally oxidising) soils
overlying (reducing) sediments containing elevated organic carbon;

- Peat Wetlands- organic (reducing) soils overlying (reducing) aquifers containing
elevated organic carbon.

Although shang similar redox characteristics to the group above, two further physiographic
units are defined on the hydrochemical/water quality characteristics which reflect hydrological
characteristics associated with the age and origin of soil and geological aisiteri

! Matrix flow is the movement of water and solutes through the soil pspace.
2 Bypass flow occurs naturally through soils with large pore spaces and cracks or artificially through
tile/artificial subsurface drainage. Flow is typically rapid with minimum interaction with the soil.
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- Central Plains areas exhibiting similar soil redox characteristics to the Gleyed unit ( i.e.
poorly drained, reducing soils overlying oxidising alluvial deposits) where the influence
of soil redox on hydrochemistry is ovedden by seasonal land dace recharge
occurring via bypass (macropore flow) through soils exhibiting slsriredl
characteristics.

- Old Mataura- areas exhibiting similar redox characteristics to the Oxidising unit (i.e.
oxidising soils overlying alluvial deposits) where the pb& for attenuation of nitrate
concentrations is limited by the highly weathered nature of soils (low organic carbon)
and low to moderate permeability of underlying alluvial deposits.

Variants were also identified within the physiographic units to recogrspatial variability in

flow pathways and/or hydrochemical processes (Figure 3, Hughes et al., 2016b; Pearson 2015a
and b). These variants are included in the attributes whiehe intersected with the Southland

Land UseMap. Physiographic Zone policieave been introduced into th8outhlandwWater and

Land Plan to target water quality issues specific to each unit. For the purposes of this report
Physiographic Units are used as part of the policy framework, however they have a much wider
use within the NPSFM Science Programme.

Alpine - No Variant

- Bedrock/Hill Country - Artificial
Drainage

I Bedrock/Hill Country - No Variant

Bedrock/Hill Country - Overland
Flow

- Central Plains - No Variant
Gleyed - No Variant

I Gleyed - Overland Flow

Lignite - Marine Terraces -
Artificial Drainage

Lignite - Marine Terraces - No
Variant

Lignite - Marine Terraces -
Overland Flow

Old Mataura - No Variant
- Oxidising - Artificial Drainage
I oxidising - No Variant
Il oxidising - Overland Flow
- Peat Wetlands - No Variant

- Riverine - No Variant

- Riverine - Overland Flow

Figure3: Southland Physiographic Units and variants.
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2.3. Using the Southland Land Use Map to determine nutrient
loss

How theland use map will be used in Stage 2 influences the decisions made daihgdology
development This section briefly detailan approach to distribute farm nutrient loss data across
the Southland land use map to estimate nutrient loss from an area.

Losses of nitrogen and phosphorus from geographical areas such as FMUg$aoce suater
catchments will be estimated using the farm data collected during the Southland Economic
Project ¢ Agricultural survey (approx. 95 farms) (Moran et al. in prep). Industry groups have
surveyed farms across all of Southlands major agriculturalsinigs and catchments. The survey
farms were selected to be spatially representative across Southland and cover a wide range of
activities, farm types and management systems. The industry groups have modeled the farm
information in OVERSEER® Nutrient Btedgnd FARMAX (financial model).

OVERSEER® is an agricultural management tool which can be used to examine nutrient use and
movements within a farrh. The computer model calculates and estimates the nutrient flows in

a productive farming system and idéfigs risk for environmental impacts through nutrient loss,

including run off and leaching, and greenhouse gas emissigatkinsand Selbie, 2015).0sses

2F b YR ‘% HBNRBY 61 (SNR LIS NI germingt byhdividimg{th@ praperty I NB R ¢
into blocks which represent physical characteristics (climate, soil type and slope) and
management activities (stock types, crops, fertilizer use, imported feed etc.) that occur on the

piece of land. The losses from thalividual blocks are then summed to provide an estimate of

loss to water (root zone, farm boundary and the eventual receiving water body) over the whole
property in kilograms of N or P per ha as an annual average.

The results of the modelling have then leweighted by how indicative they are of farming
within a locality by the industry. For example, farms with irrigation are a minority in Southland
and have been given a lower weighting compared to those without irrigation. Identifying
features of farm locon and owner is held by the industry groups that collected the information
and remains anonymous to Environment Southland and other industry groups.

Once Environment Southland receives the nutrient loss data from the industry gringpsext

step is todistribute the information across the Southland land use roamg the key physical
characteristics of slope, rainfall and soil drainalgeokup tables will be produced which contain

a loss ratgin kg/ha/yr) for all possible combinations of land use and-plysical features which

were mapped. The loss rate is informed by separating the OVERSEER farm data into blocks that
represent the farm activity (land use i.e. dairy, or activity within a land use i.@éemgmnazing)

and physical attributes of rainfall, slope, and soil drainage on the propertfarAllblocks from

the SouthlandEconomidProjectavailable for the activity within a catchment will then be used to

® www.overseer.co.nz

‘wrzaa G2 sFGSND Aa b GSNY dzaSR Ay h+xow{99w (2 RSaod
It is calculated from the sum of leaching (urine patches, other), runoff, direct depognimals, drains,

pond discharge), border dyke outwash and septic tank outflow). Leaching refers to the bottom of the root

zone, which is estimated at 60cm for pastoral blocks and therefore infers a diffuse loss to shallow

groundwater. Leaching is thmain contaminant pathway for N, whilst P is typically lost by runoff or direct

deposition.
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inform the lookup table and determine a meal, mean, maximum and minimum loss from that
activity. The loss estimate will then be distributed to areas of similar activity and physical
characteristics across the Technical Land Use Map. The range of loss information withinthe look
up table allows fodifferent combinations to be tested.

This requires the Land Use Map to be at a resolution suitable for determining land use activities
at the property scale and have an estimate of effective and ineffective hectares within the
parcel. This will be achieved through combining the Land Use bfafardim activity/typewith

the Land Cover Database (LCDB version 4.1) to determine effective hectares within the property.
The addition of physical characteristics for slope, rainfall and soil drainage to the map will then
inform the intensity of the landuse type provided by the range of farms modelled by the
respective industryThis method is advantageous as specific nutrient budgets from all properties
in Southland are not required to estimate nutrient loss from a catchmbotvever it is strongly
reliant on information from industry.Mitigation scenarios and policies can be tested by
implementing changes to the loakp table.

3. Land Use Categories

A list of land use categories of which information is required to satisfy the needs of thEMIPS
Science Pmgramme and the Southland Economic Project were determined (Table 1). It was
established that a combination of primary land use and additional land ceasrneed to
achieve the objectives of the project.

In identifying land use categories, the followingtfars were considered:
1. The range of major land uses across Southland
2. The available land use data with information at a block or propscgle
3. The environmental drivers of contaminant losggspography, rainfall and soil drainage
4. Knowledge gained from éhcollection of farm data i.e. relationships between the
agricultural sectors.
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Tablel: Categories, sugategories and source of data for Southland Land Use Map.

Category Subcategory  Description Data Source
Conservation Conservation  National parks, DOC Estate, Maori PANNZ
Trusts
QEIll Queen Elizabeth Il National Trust  LINZ
Plantation Commercial Pinus Radiata, Douglas Fir, Major forestry industries,
Forestry Eucalyptus Agribase
Sustainable Native Forest Major forestry industries
Farm Farm forestry LCDB4.1
Sheep and Beef Sheep Sheep only (other livestock <50 SU Agribase
Beef Beef only (other livestock <50 SU) Agribase
Sheep and Sheep and beef Agribase
Beef
Mixed Sheep, Beef and Deer Agribase
Livestock
Dairy Cows Cow milking platform (>100 cows), ES Resource Consent Databas
structure details
Cows <100 cows Agribase
Sheep Sheep milking ES Resource Consent Databas
Deer Specialist Deer only 5SSNb®%s W2KYySQ
Ltd., Agribase
Majority Majority Deer with other livestock  Agribase
Other Animals Horses, pigs, poultry, goats, alpaca Agribase
bees, dogs etc.
Dairy Support Runoff blocks not on milking Agribase, ES Resource Consel
platform Database
Livestock Graziers Agribase
Support
Pasture Properties with no information LCDBA4.1
(unknown use)
Arable Specialist Short rotation crops FAR, Agribase, LCDB4.1
Mixed Arable and other livestock FAR, Agribase, LCDB4.1
Livestock
Horticulture Vegetables Agribase
Nurseries and Plant Nurseries and orchards Agribase
Orchards
Flowers Tulip bulb growers Agribase
Lifestyle Blocks Sized between 0:5 ha, nonurban  Agribase, Rates 2012
Small holdings Sized between 80 ha, unknown Agribase, Rates 2012
use
Residential Territorial authority town Rates 2012
boundaries
Commercial Commercial properties within town Rates 2012
boundaries
Industrial and Dairy factories, Freezing works, Rates 2012, Agribase, ES
Airports Timber processors etc. ResourceéConsent Database
Public use Schools, churches, cemeteries, etc Rates 2012
Recreation and Recreation Sports grounds, camp grounds, Rates 2012, PANZ
Tourism tourism, etc.
Golf Golf courses Topo50
Lakes and River: Waterbodies LCDB4.1
Road Roads LINZ
Rail Railways LINZ
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4. Data Sources

A number of data sources were used to create thel@a&d Land Use Map. These include Land
Information New Zealand (LINZ), Agribdsé.and Cover Database (LCDB v4.1), Protected Areas
Network (PANNZ),Topo50 and Industry information (Forestry, Foundation for Arable Research

6C!wl0 YR 5SSNbw%0y a ¢Stft |
effluent discharges, and the Rates database (202 as necessary to combine information
from a wide range of sources to achieve a comprehensive land useasi@pited to nospatial

information is held byndustryfor their farms

>

a
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The basic characteristics of these datasets are explained below. The process for amending the
data source and fodetermining which data source was used to assi¢and useclassificatioris
described in Sectio.

4.1.

Land Information New Zealand

LandInformation New Zealand(LINZ)vas used to obtain data on the locations of:

41.1.

The primary parcels laygrovides thecurrent parcel polygons and some associated descriptive

Primary parcefs

Topo50 Map Seriés Road centrelines
Topo50 Map SeriesRail centrelines
Topo50 Map SeriesGolf courses

Primary Parcels

data that details the legal description, purpose, size and a list of titles that have an interest in the
parcel. Primary parcels can be thought of as the 'base level' of the ‘jigsaw puzzle' of all land
making up New Zealand. The primary parcel layer has a nominal accuracy-rhQril urban
areas and 1100m in rural areas.

A primary parcel is a portion of land that is intended to be:

Owned by the Crown, except moveable marginal strips
Held in fee simple ((pdominately private ownership)
Maori freehold land or Maori customary land

Public foreshore and seabed

The bed of a lake or river

Road or Railway

Vested in a local authority

The primary parcels layer provides a framework to populate with land use infoomatiom
multiple data sourcesAs theprimary parcels represent the legal parcel boundaribeir shape

will not be manually altered during land use mapping. An exception to this will be Queen

Elizabeth Il National Trust areas, which will be separatenh fitee primary parcel polygons to

° https://data.linz.govt.nz/layer/772nz-primary-parcels/(downloaded 20/01/2016)

6 http://www.linz.govt.nz/land/maps/topographienaps/topo50maps(downloaded 21/01/2016)
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remains unaltered.

The advantage of using the Primary parcel layer as a framework is that it contains no overlapping

or duplicate information, has a unique identifier for each polygon and provides legal boundaries

to properties. ltcontainspolygons forall of Southland, including ohore islands. This layer also
Oz2yiGlrAya a2yYS flFyR dza$S A ySH2NY I IGyAR ya {@Aikfieldslaliz2iNg (! ¢
These attribute fields can be used to help map roads, railways, water via hydro parcels, and
recreational areas.

A major limitation of the primary parcel layer is the datéregional surveyingc. 1860).Since

then, iliver channels have been altered, either by natural river meandering dnteytional
catchmentmanagement; and therefore no longer represent tberrent position of the river.
Updates to this layer occur on a regular basis to adjust for newly resurveges; however
these updates do not extend to the entire reach of a river. Parcels bordering hydro parcels
remain in error and would require resurveying adjacent to all rivers across the entire region to
correctit.

4.1.2. Topo50 Map Series

The Topo50 map seriggrovides topographic mapping for the New Zealand mainland and
Chatham Islandsat 1:50,000 scaleand identifies a wide range of geographical information.
Geographical information for a specific feee is downloadable from the LINZ websiteayers
downloadedfrom the Topo50 map seriesere NZ roadentrelines, NZ railway centrelines and
NZ golf course polygons

¢ KS aw2l Ré irtheNdrfady pakcgl lay@igcliudes all surveyed roads, whether they
are actual formed roads or paper roadgheroad centrelines layér Topo50 Map seriesvas
used to identifyany formed roadswhile the reclassification of paper roads can be done as farm
boundary information is utilised from other data sources, such as Agriba3ais greatly
reduces the error ssociated with identifying features of interest by parcel intéditnilar is true

for railway linesusing the NZ railway centrelines la§er

Topo50wasalsoused to provide information on the location of golf courses in Soutlla@dlf
is a recreationaldnd use thatvasconsidered separately from other recreational land uses due
to the potential for high inputs of N and P from fertilizer application.

4.2. Agribase ™

AsureQuality Ltd. compiles and maintains land use informdtioall types of rural properties by
voluntary surveyand farm visits These property types includéarms, horticulture, forests and
small holdings. The database, known commercially as Agffhakas coverage of 97% of
Southland (Pat Turton, pers. com. Ap#i015). The definition of a farm in Agribd8& ZDnedor

’ https://data.linz.govt.nz/layer/32z-road-centerlinestopo-150k/ (downloaded 21/01/2016)
8 https://data.linz.govt.nz/layer/22 inz-railway-centrelinestopo-1500k/ (downloaded21/01/2016)
o https://data.linz.govt.nz/layer/28inz-golf-coursepolygonstopo-150k/ (downloaded 21/01/2016)
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more blocks of land owned by a single farming business, typically within 20 km of each other,

where there is a single identifiable individual with dayday responsibility (termed the "key

decision maker"), personnel and equipment resources are shared, and in the case where
fAPSai201 FINBX FIFINX¥SRZI GKSNBE Aa NBflIGA@Ste TFTNBI
(AssureQuality, 2015). For the purposes of land use mapping in Southland thisaeill be

dza SR (2 RS T whe® Adribasélidnsibeds wsdiddoidentify the land use

Updates to the Agribasll data set will be provided to Environment Southland on a six monthly
basis. AssureQuality estimate farms in Southland are visited onr3® 2onth basis to gather
farm information (Pat Turton, pers. com. April, 2015). This provides Environment Southtand wi
the capability toutilize land use information for the region that has been verified by an
independent source.

For Tier 1 national statistics, records must be less than 5 years old. The Adtitetsereceived

in April 2015 contains records for 6230operties. Prior to analysis, records were checked to
ensure polygons were within the Southland boundary, which resulted in the removal of 25
records.Table 2 shows the source date for the dataset, in which 71% are at Tier 1Aavel.
assessment of data pvenance is described in more detail in Section 11.

Table2: Source date and number of records in Agribggeril 2015) as provided by sureQuality.

Date No. of Records Percentage (%)
1995- 1999 9 0.15
2000- 2005 149 2.40
2006- 2010 1604 25.85
2011-2015 4443 71.60
Total 6205 100

Agribasé" was deemed to béhe most accurate source of available informatami anessential
source ofrural land informationfor producing dand use map for Southlandt does,however,
havethe following limitations:

Definition of land use from the questionnaire asmostinformation is provided by a voluntary
survey the interpretation of survey questions strongly influences the land use classification,
especially where there are multipland uses. The criteria to determine land use, whether it be
land area, economic return or what the farmer wants the land classified as requires refinement.
However, AsureQuality are moving away from postal surveys with the aim to data capture
through ther staff visits to farms for AssureQuality programmes or corporate customer
databases.

Data gaps around grazing stock Agribasé" reports own stock numbers as at 3Qune,
however this may not give a good indication of actual stock numbers on the proféty is
especially important as wintering off the dairy platform to support farms is a common practice in
Southland. Information about dairy support farms, which receive dairy cows for the winter,
needs to be captured within a land use map to accurategess seasonal effects of stock
location.
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Varying level of detail¢ various levels of detail iprovided by the person completing the
Agribasé" survey For confidentiality some people have selected not to disclose some
information, especially around stkcnumbers. The classification of the farm type is not always
consistent with the stock numbers identified on the property.

Information overlaps- Theseexist where spatial property boundariesntainduplicate land use
information. Overlapping polygons aran issue, as the area of overlap is double accounted in
the land use map resulting in more than what is present in the redidarmation overlapsrea
legitimate result of two or more farming enterprises (i.e. multiple Farm_ld's) occurringamda |
parcel. For example, a lantner farming most of his/her property might also lease out a small
section of the property to another farmeAsmall operator owning a property larger than they
can use might lease out the larger portion of the property as ggamnanother farmer. Also
farm boundaries may noaccurately reflecthe actual location of the farm. There are some
records where farm boundaries ocowithin urban areasand thereforeare likely to indicate the
property where the owner lives, ratheghan or included irthe farm.

New farms- Farms that are new to the Agribd8kdatabase which have not been validated by
AsureQualityare entered as land use NEW and contain no further information other than the
farm boundary. Land use is unable to be determined for these properties.

Property area- Enterprise area (reported Farm Sizg the person who completed the surjey
and geograplt areas (the Shaparea field in a GIS layer) often disagree, sometimes
substantially.This is likely an unintended error when creating a farm in Agribagequality
control checks are not undertaken

To minimise the effect of the above limitationgnironment Southland undertooka
reclassification of Agribaf®é @ a (i S Y rdif S@e@ Ydeveloped to ensure that the
reclassification proceswas undertaken in a consistent and logical manner. These rules were
developed into a methodology defined in Sectiod.3. AsAgribase is the primary data source
for sheep, beef and deer properties tine Southland Land Use Map, it was necessary to insure
consistency of land use classification.

4.3. Protected Areas Network (PAN -N2)

Spatial data for @nservation ad protected areaswasprovided by the Protected Areas Network

¢ New ZealandPANNZ) database, which contains information on legally protected areas for the
three main islands of New Zealand (North, South, and Stewart) and all the inshore islands. This
databaseincludes Crown Conservation Estate (managed by the Department of Conservation
(DOCQ)), regional parks, and a range of covenant schemes: Queen Elizabeth Il National Trust
6vIOLLUZI awhiKdzAKS ydzi dzZNBndlbcal Nduncil rés&veviyhR RessnAct.

The database is managed and maintained by Landcare Reseatabtained on request. The
database received for this projeetasdated 2014.

PANNZ was produced by Landcare Resealshcombiring the data sources listed aboyén
which there can bemultiple or overlapping polygons if the land parcel is identified in multiple
data sourcesCrown Conservation Estate (managed by the Department of Conservation, DOC)
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and LINZ are the most commeause of spatiabverlap.Duplicate information was a limiten

when using this data source and required a hierarchical approach to selecting data sources
where overlaps occur. Another limitation identified was the inability to attribute some data to a
primary parcelMost polygons in the dataset can be attributénla LINZ parcel; however QEII
covenants are often not the primary land use within a parcel and will need to be considered
differently to other PANNZ records (Se®ection6.3.1).

Identified as part ofDOC Conservation Estate Stewardship landHowever, Stewardship larid

not always used for conservation or protectdd.is a category of land that can be sold or

aol LIISR F2NJ FNBlFa 2F LINAGFGS fFyR FyR 2yfeé ySS
NBaz2d2NOSa | NB LINPric&dgdri€&sRE consepvEtiSrNEnt Bave2mibié Specific
management criteriaTherefore, there is potential that these areas are used for agriculture

rather than as a conservation estate. However, on comparison with aerial photography areas

under pasture are mimal.

4.3.1. Queen Elizabeth Il National Trust

To obtain the most ujpo-date information onQueen Elizabeth 11 National Tru$pEll) data was
sourced separately frorthe PANNZdatabasedirectly from theQEIl National Tru&t SomeQEl!
Trust areas may require manipulation of the primary parcel layer abow for spatial
representation separatérom that of theprimary parcelThe method useds detailedin Section
7.2.3 The resulting QEIl areas are still associated with the original progéargugh the
unalteredparcel ID.

4.4. Land Cover Database

LCDB (version 4.1) is a national land use classification provided by the Ministry for the
Environment for public use. It was mappby Landcare Researdtom satellite imagery taken

over summer 2012/2 and contains 33 land cover classes split within the broad categories of
artificial surfaces, bare or lightly vegetated surfaces, water bodies, cropland, grassland, sedge
and saltmarsh, scrub and shrubland, and fofest

The mainimitation of usingLCDB/4.1for a land use classificatias that the land cover category
classes are coarse and do not distinguiskweenl I NKX Odzf G dzNJF € | yR dzaSad C

LINE RdzOAy 3 SE2GA 0 3INIaatlyRé Ay [/ 5. mtihgn O2 dzf R
in limited ability to use land cover as a proxy for land.use

However, land cover is an essential piece of information to use in combination with land use.
LCDB provides the ability to determine effective hectares on a property. Effective atka or
productive area for the land use, will improve contaminant loss estimates for Stage two of this
project For a pastoral land use, the area of grassland (high producing, low producing, tussocks
etc.) and cropping are determined to be the effective aresiile tree blocks (native, exotic),
wetlands, ponds are estimated as ineffective area. For plantation forestry, the effective area is

' Environment Southland has a data sharing agreement with iQéional Trust and receives updates
approximately every four months.
1 https://lris.scinfo.org.nz/layer/42dcdb-v41-land-coverdatabaseversion41l-mainlandnew-zealand/
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that covered by exotic forest, while all other land cover classifications are estimated to be
ineffective area.

Land ceer also provides the ability to determine relative intensity of an activity with high
producingexotic grasslandnore intensive than low producing grasslanrdiepleted grassland >
tall tussock grassland > alpine grass/herbfield within a pastoral land use.

The scale of LCDB v4.1 is mapped to the nominal minimum mapping unit of 1 hecizhis

more accurate with spatially larger areas than those that occupy a small area i.e. a pasture
surface of a farm is better represented than a small wood lot/fordsaeea. LCDB also includes
polygons with sizes smaller than 1 ha, particularly polygons that indicate areas of ¢chdage

cover, which will be an advantage when mapping historic land change.

4.5. Environment Southland Resources

45.1. Environment Southland Rat es Database 2012

Environment Southland collected land use information with rate payments, with the latest
record available from December 201R8.2013 ES changethe computer programme used to
record ratesinformation, which resulted in an ability to exract land use informationThe
Rates 2012 layeis the latest record Environment Southland holds regarding land use for the
region.

The layer was used as additional data sourcéo identify residential, commercial, industrjal
public use(schools, chughes etc.)and recreational areafparks and sports grounds etc.) within

an urban area. It was also used identify small holding forestry blocksvhich were not
identified in the forestry layer (section 5.6.1). The land use categories identified inaties R
database were difficult to align with those land use categories identified in Table 1 for this
project. However, in combination with other data sources, such as Ardlias®re indepth
detail can be ascertained as to the farming type. For examipksstbck farms are classified in
the Rates database as either finishimgeding or intensive finishing rather than a classification
based on the identification of stock type as used for the Southland Land Use Map.

45.2. Resource Consent Database I Dairy (Cows and Sheep)

OYBANRYYSY Ul { 2dziKf | y R Qloldi¥jiatalirdaNdation for 2laimaféyiiog R G 6
(both cows and sheep) as effluent discharge to land from this activity is a consented activity in
Southland. The area of dairying representedrigure 4 is termed the milking platform, which is

the area wherestock isgrazed during the milking seasoks the information is obtainedirectly

from the resource consent applicatipthere is a highdvel of certainty with the datset.

A limitation ofthis data is that it locateghe milking platform only and does not contaareas
where stock especially dairy cowsare grazé outside of the milking seasoflhese areas,
typically termedrunoff or support blocksare a keypart of the farm businesandwill need to be
identified spatially Dairy farms without runoff areas or infrastructyrigpically winterstock off
farm using a grazier (support farm). 3jpatially maghe total area of dairyinga combination of
data sourceswas used to identify bothmilking platform and runoff/support areathrough
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Agribasé" providing polygons for theotal farm areawhile ES resource consent dairy layer
provides milking platform. The difference between these two areas on a property was deemed
to be the runoff/suppot block. Dairy will be the exception to mapping at property scale as these
two areas have been mapped seperatly. The number of dairy farms in Southland can be
determined by thenumber of milking platformsdentified in the land use maprhis diffes to

how DairyNZ present number of farms, which is by number of herds.

In Southland, dairy farms with less than 100 cows are a permitted actwitich does not
require resource consent; therefore these farms are not included in rdsource consent
dataset.Ths information gap was filled hysingthe Agribasé" classification for dairyDAl)and
wheredairy cow numbersvere less than 100 cowsve can identify the farms not located by the
ES consent layer.

ES Dairy Consent Database

- Dairy Cow
- Dairy Sheep

Freshwater Management Units

Fiordland and Islands
Waiau
Aparima

Oreti

0 10 20 40 Kilometers
1

Mataura

Figure4: Dairylocationsin Southland as of April 2015 (area represented by milking platform only).

4.5.3. Resource Consent Database - Major Industry

Environment Southland holds information on major industries through résgource consent
database forpoint sourcedischarges to air, land and water. The database inclym#ggon
locations of major industries such as meat works, milk factories, and mines etdatdisource
isupdated on a regular basis when new information is obtained by the council.
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4.5.4. Science Inves  tigations T Winter grazing survey 2014

During winter in Southland when there is litgg@sturegrowth, cattle, sheep and deer are often
strip-grazed on speciallgrown forage crops. This activity is recognised as a key source area for
losses ottontamnants from agricultural areasio obtain spatial information on winter grazing,
Environment Southland contracted Landcare Research to constrowapaof livestock forage
locations throughout winter of 2014 for the entire Southland region (North and Bellld5)2

The winter forage image produced by Landcare Researcha égh degree of uncertainty with

some classifications. To improve on the level of uncertainty and spectral errors, Pearson and
Couldrey (in prep) refined the map using LCDBv4.DigitalElevation Model (DEM, 8m),
Southland Physiographic Units and an earlier version of the Southland Land Use Map. LCDB was
used to remove winter cropping areas coinciding with areas of scrub and shrubland. The
Physiographic Units were used to remove cropginB I & SAGKAY (GKS W! f LAYy S
to eliminate areas with unsuitable growing conditions. The 8m Digital Elevation Model (DEM)
was also used to remove crop on steep slopes (> 26 degrees) as all forage crops identified within
these areas are likglerroneous. Version 1 of the Southland Land Use Map was used to remove
areas unlikely to be used for forage (i.e. residential, industry, lifestyle and airports) or those that
are likely to have been mapped in error due to similar spectral signatureatftwinter crops

(i.e. horticulture, tulip bulb growers and plant nurserieShe extent of winter forage crops in
Southland is shown in FiguBa as the total hectares of forage grown on a propesghich
identifies properties with large amounts of fogg crops and by Figuréb which displays the
amount of forage crop as a percentage of suitable land on a property to identify smaller scale
intensive growergPearson and Couldrey, in prep)

Figure5: a) Total hectares of forge grown by property and b) as a percentage of available land on the property
(Pearson and Couldreyn prep).
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