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ABSTRACT

Research was undertaken in the indigenous tussock grasslands of South Island of
New Zealand in order to quantify past rates of conversion to agricultural land use
and to develop vulnerability models to predict future conversion spatially and
temporally. Tke study area was delineated using the median spectral reflectance of
indigenougyrasslandsind included the largest extent of unprotected contiguous
grasslands concentrated in the central South Island. Conversion from indigenous
grasslands to a nendigerous cover was quantified by comparative mapping

over three intervals (1840990, 199€r001, and 2002008). The basic premise

in using satellite imagery to detect changeknduse/covers that these are

revealed by changes in spectral signatd@veve , New Zeal anddés i nd
and norindigenous grasslands have overlapping spectral trajectories and high
inter-annual variability, therefore contextual information was needed in order

accuratelynapconversion from indigenous grassland cdeeexotic pasire.

Within the study area around the time of European settlement (1840) there were
approximately 3.3 million hectares of indigenous grasslands. Between 1840 and
1990 around 1 million hectares of indigenous grasslands were converted to a non
indigenous ceer. The extent of conversion during the preceding time period
(19906:2008) was approximately 71,261 ha, of which 72% was converted to
pasture and cropland and the remaining 28% to mining, urban settlements and
exotic forestry. Although the overall rategfssland conversion decreased
relative to the period of European settlement and 1990, the proportion of
remaining indigenous grasslands converted each year increased. Almost two
thirds of post1990 conversion has occurred in environments with less ti#én 30
indigenous cover remaining, and much is in land classified asuradhe with

moderate to extreme limitations to crop, pasture and forestry growth.

To assess the relative vulnerability of remaining areas of indigenous grassland
intensive land use (nrdy intensive pasture production but also exotic conifer
plantations, urban use and mining), spatial predictions using Generalized Additive
Models (GAMs) were used to establish relationships between two different types

of dependent (response) variablee§ence or absence of conversion) and



potential environmental and proxy so@oonomic explanatory variables. The

chosen predictors for the final model were used to map conversion probabilities in
geographic space. The selected GAdWlewed the mean probéty of conversion

in remaining indigenous grasslands was 0.15 and the mean area of conversion was
116 ha. Habitat that was most vulnerable to conversion was at moderate

elevations andn mediumslopes, and had previously been classified as being of

low sutability for production.

To interpret the regression models, plots of the partial response curves resulting

from the model, and overall contributions of variables to the model, were used.

The most important explanatory variables for predicting the priotyadd

conversion in order of O0alone contributi:
explain conversion) was slope, rainfall, land tenure, distance to roads, proximity

to existing agricultural, regional council, and mean annual temperature.

Interpretation of the GAMs showed that conversion was negatively related to:

slope, rainfall and distance roads; positively related to mean annual temperature;

higher in the Otago and Canterbury regions and on privately owned or recently

privatized lands, and p&ed at intermediate proximity to roads.

The prediction of the probability of conversion model was evadisiated both

spatially and temporally. Temporal cregslidation compared predicted
probabilities of conversi onurargarntnt r ef el
conversion. Spatial crosalidation evaluated model discrimination between
6convertedd and O6not converteddéb. Tempor al
using the Receiver Operating Characteristic (ROC), a graphical plot of the true

positive raé (sensitivity) as a function of the false positivesfiecificity) for

different probability thresholds. For temporal creséidation there was high
correlation between Opredicteddéd and bébobs
validation the relationshipetween the fitted and observed was also high (ROC=
0.921), indicating there was good discri

converted©o.

Integrating alidated estimates dfie probability of conversion (vulnerabilitijto
conservation planning ta®is an important component of conservation planning.

Comparison of conservation prioritisation outputs with validated estimates of



vulnerability of New Zealandds indigenou:

effectiveness of vulnerability surrogates; one sur@gatformed most poorly
where vulnerability of grasslands to conversion was greatest and realized
probability of protection was lowest. Furthermorstjreates of vulnerability using
surrogates underestimated vulnerability on flat land that was closer to roads and
overestimated areas on steeper land that was topographically invulnerable to

conversion.

There is an increased disparity between patterpsodéction and patterns of
conversion indicating that existing conservation planning tools are not effectively
targeting the most vulnerable areas of remaining indigenous grasslandst@n up
date validated vulnerability assessment offered a practica aegponsive

technical bridge for the gap between science and implementation. This approach
can be applied more widely to provide national models of vulnerability from

representative samples of conversion.

Key wordsconservation planningndigenousggraslands; receiver operating

characteristics; remote sensimgjriculturalconversion; New Zealand



ACKNOWLEDGEMENTS

| would like to take this opportunity to thank the many colleagues, friends and
family who have provided assistance, encouragement and support throughout the

development of this thesis.

In particular, | am deeply indebted to myademic supervisors, Drolin
Dymond, Dr Susan Walker, Dr. James Sheph&udJake Overton anDr Bruce
Clarkson. Thg have freely shared their knowledge, technical skills, and

enthusiasm and shaped the course of this research.

Many people ssisted with the processing of datalimling Anne Sutherland,
Janice Willoughby, and Robbie Price. | would also like to thank Anne Austin for

assisting with the editing of manuscripts.

The Miss E.L. Hellaby Indigenous Grassland Trust is gratefully acknowledged for
providing funding to undesike this research. Landcare Research also provided the

resources needed to complete this research.

| would like to thank my parents for the opportunities and encouragement they
provided during my education and my husband, Kerry Elston for being incredibly
patientand supportiveluring this whole process. Finally, | am eternally grateful

to all my friends for all of the intellectual and emotional support. | would
particularly like to thank Hamish Heke for keeping gneundedand Chris

Muckersie for heon-goingsupport and guidance.



TABLE OF CONTENTS

Y 013 = Lo SO PP PP PP R PPPPRRRP [
ACKNOWIEAGEMENLS. ..o eerrn e e e e e e e e e e eees v
Table Of CONTENLS.........uiiiiiiiee e e V.
LISt Of FIQUIES ...t e e Vil
LISt Of TADIES ..ot e e e IX
IS 0o Y o] o= o | USSP X
R ] o o [ T £ [ o PP 1
1.1 RESEAICH TOPIC. ...ccieeieiiiieiiieeeeeee e e 1
1.2BacCKgroUNnd............cuuuimiiiiiiiiiieeeiieee et 1.
1.3Research QUESTIONS.........ccuuuuuuririiiiimreeeeiienns e e e e e e e e e ennnnn e 7

3 = | PP 7
L O REIBIENCES. ..ottt 9.

2. Remote sensing techniques for detecting langse change in New

Zeal andbés indi g.eno.u.s..g.r.as.s.l.ands.1l4

2.1 ADSETACT. .....eeiiieeiiiee et 14
2.2 INrOUCTION. ....ceiieiiiiiiee e eee e e e e e 15
2.3 MEENOAS .....eeiiiiiiiee e 19
2.4 RESUIS ....uviiiiiiieieeeie e 22
2.5 DISCUSSIOML.....uttiiiiiiiiiiiiiiit e eeeee ettt e e e e e e e e e e e 30
2.6 CONCIUSION.....coiiiiiiiieii e 32
2.7 ACKNOWIEdgemeNntS.........oooiiiiii e 33
2.8 RETEIENCES .....uuiiiiiiiiiiiiii e 33

3. Patterns of past and recent conversion of indigenous grasslandghe

South Island of New Zealand..............coovviiiiiiiieeniiiiie 38
3.1 ADSHIACE. ... 38
3.2 INErOTUCHION. ... e 39
3.3 MEthOAS ... 42



B RESUIS ..o e e 47

3.5 IS CUS S O . ettt eaans 59
3.5 ACKnowledgements...........oooiiiiiiieee e 63
B O REIBIBNCES. ... e 64

4. Estimating patterns of vulnerability in a changing landscape: New

Zeal andbés indig.e.n.no.u.s..g.r.as.s.l.ands.71

4.1 ADSIFACT. ......eeieeiie e ittt ettt e e 71
4.3 INErOAUCTION. ....eeiieiee it 12
4.3 MEENOUS ... ..ceiiiiiiiiiit et 76
A4 RESUILS ....ueiiiiee ittt 84
4.5 DISCUSSION...cetiiiiiiiiiiieee e e eeemitb et e e e e s et e e e e s ammes s e e e e e e e nnees 92
4.6 CONCIUSION. ....uiiiiiiiiiiiiii e 96
4.7 ACKNOWIEAGEMENTS...cciiiiiiiiiieie e 97
4 B REIEIEINCES. ... .ttt 97

5. The value of validated vulnerability data in conservation planning....106

5.1 ADSHIACE. ...ttt e 106
5.2 INErOTUCTION. ... e eeee e e e e e e e 107
5.3 MEthOAS .. ..ot 110
5.4 RESUIS ..ottt 112
5.5 DISCUSSION ...cciiiiiiiiiiee e e ieiiieeeit ettt e e e e ettt e e e e eme e e e e e e e aneees 123
5.6 CONCIUSION......cuiiiiiiiiiiiii e 126
5.7 ACKNOWIEdgemMENTS.......covviiiiiiiei e 127
5.8 REEIENCES.....oiiiiiiiiiiiii e 127
B. SYNINESIS.....oiiiiiiiiiie e rerrr e 134
6.1 DISCUSSIONL.....uuiiiiiiiiiiiiiiii i eeeee ettt ettt e e e e e e e e e e e e 134
6.2 Directions for further research............cccccceviiiieeeiiiie, 136
6.3 RETEIENCES ... .utiiiiiiiiiiiii e 138

Vi



LIST OF FIGURES

Figure 1.1Extentof New Zealand's indigenous grasslands...............ccccvveeeeeee. 4
Figure2.1 Location of the study area..............covvvvvivviimmeeiieeeeeeiee e 18
Figure2.2 Spatial distribution of spectral change............ccccooviiiiieeeiiien. 24

Figure 2.3 A comparison ofchéargsa.s26r i but i

Figure 2.4 A comparison of the area of change..............oovvvvveee i, 27
Figure 2.5 A comparison @hange detection meth®d...............ccccoeeiiiiieeeinnnnns 28
Figure 2.6 Dailyaverage NDVI of four different grassland covers.................... 29
Figure 2.7 Boxandwhiskershowing the distribution of NDV.............cccccviinnenn. 30
Figure 3.1 Study areand distribution of ground field checks..........................e. 42
FIQUIE 3.2 SPOTB IMAGEIY....cciieeeeeeeeeeeeeetteeme ettt nan e 45

Figure 3.3 The original extent ofdigenous grasslands in 1840 and the extent of

remaining indigenous grasslands in 2008............cccoiiiiiimem e 48
Figure 3.4 Progressive conversiongoiisslands................vvviiiiiieeeeveiiviieenn 51
Figure 3.5 A comparison of the rate of conversion..............ccccoovieeeiieeieeeee, 52

Figure 3.6Box-andwhisker showing distribution of area, slope, elevation, and
rainfall of corversion polygons on alog scale..........cccccoviiiiiiecciiiii, 53

Figure 3.7 Areas and percentages of grassland conversion, and remaining

i ndigenous grasskbanhdnedt Enwmi e.a.0.me.d50H cat
Figure 4.1 Location of study area in the interior South Island, New Zealand..73
Figure 4.2 Land cover in New Zealand from-pregnan (Maorilsettlement........... 75

Figure4.3 Progressive expansion of grassland conversion.............cccccoeevveeeeee. 78

Vil



Figure 4.4 ROC curvassed to validate predicted probabilities of gragslan

(o0] 01777 £ o] o PP 89
Figure 4.5Vulnerability of remaining indigenous grasslands...............ccc.eevee.s.! 91
Figure 5.1 Regression comparing conservation priorities models.................. 115
Figure 5.2Map of CONVErsSiOMUICOMES.........ccoeviiiiiiieiiiieeee e e 117
Figure 5.3Regression analysis of conservation OUtCOMES...........ceeeeeeevieeennn. 120
Figure 5.4Land reform conservation OUtCOMES............coeveeieiiiiiccceeee e 122

viii



LIST OF TABLES

Table 21 Accuracyof the change detection methads.............ccoovvvvvieeee e, 25
Table 3.1 Description of the nandigenous land cover types...........ccccceeeeeeiieee 44
Table 3.2Comparisons of areas of CONVersion............ccccevveevvieenneeeeeeeeeeeeeeennn 47
Table 3.3 Confusion matrix showing accuracy (Yo)n@pping..........cccccvvvrvvreeeeen. 49
Table 3.4Areas of grassland conversion by land covet.type...............oeeeeeeeeees 50

Table 3.5 Hectares of remaining indigeis grasslands in 1990 and 2008......... 55

Table 3.6 Percentage of remaining indigenous grasslands in ecologicalsdistris6

Table 4.1Explanatory (predictor) variables used for the models...................... 81
Table 4.2Contribution of selected prediCtors...........cccceeeeiiiiiccceiiiiciie e, 86
Table 5.1Contribution of selectedredictors to three GAM models.................. 118



LIST OF APPENDIX

Appendix 3.1 Land cover cdaes used for the 1990 base map...............ccceeeee. 69
Appendix 3.2 Threatened Environm@ategories and descriptians..................... 70

Appendix 4.1Partial response curves of selected predictors in the (@99@
conversion modelral (b) the model of conversion from 1990 to 2001............ 102

Appendix 4.2 Interactive dot diagrams used to validate predictézhbilities of
(001 0177 6] [ o TSP 105

Appendix 5.1Probability of protection of remaining indigenous grasslands within
the study area Isad on a model of current patterns of protection................... 133

Appendix 5.2Partial response curves of selected predictors in the GAM

probability of ProteCtion..........ccccoviie i i 133



1 Introduction

1.1 Research Topic

This research focuses on developing methods for monitoring habitaaraiss,

predicting conservation prioritiesn New Zeal andds i ndigenous
focus on the indigenous grasslands resulted from the recognition that rapid land

use changes were taking place arfdrmation about recent changes and trends in
theextenend condition of New Zealandds indig
Existing information on land use change was not of high enough resolution to

perform this analysis, so the first step was to develop methods and detect change

from a combination of satelliienagery, aerial photographs and extensive field

work. This provided improved data on the remaining and current extent and rates

of conversion of New Zealandds indigenou:
environmental, proxy socieconomic correlates of lane conversion and

habitat loss, | used spatial regression models to model patterns of loss and predict

the vulnerability of remaining indigenous grassland habitat to conversion. This

resulted in temporally and spatially validated models and predictions of

vulnerability to land use conversion. This study tegplored the implications of

these patterns of | oss to conservation of
significance of validated vulnerability assessments to existing conservation

prioritisation tools

1.2 Background

Over the past 50 years, ecosystems have changed more rapidly than any other

period ofhuman history (Millenium Ecosystem Assessment 2005). Considerable
proportions of the worldébés thirteen terr .
ecolagically diverse eosystems (Hoeksteet al. 200%. Such a high degree of

conversion is leading to extensive changes in biodiversity composition and

ecological processes resulting in the diminishing of ecosystem services that help

sustain biological diversi and human populations.



Internationally, somef the largest changes in biodiversity have occurred and are
expected to occur in grasslangstthey continue to remain one thie least
protected ecosystenf@/hite et al2000)Mo st o f tndigenowsor | d 0 s
grasslands have been converted for agricultural actiyiBesbridge 1992)Areas
with better soils and more frequent rainfall have been mostly cleared for crops,
while poorer quality grasslands have been left for rearing ¢&kie et al.

2005) Globallythereis limited information on the rate, type, and amount of
change that is @urring in grassland ecosyste(Wghite et al. 200Q)and New
Zealand is no exceptiorWithout fundamental information on trends occurring in
grasslandgiesearchers arunable to assepstential effects on habitat and their
associated biodiversity and ecosystem services, and policy makers lack the
evidence needed to assess effects of land management and legislation, and to

inform sound policy formatiofGluckman 2011)

Given the biological and cultural significance of indigenous grasslands and the
ongoing change in land use in these areas, it is important to monitor and measure
land use change that is taking place in these ecosystems. However, recent attempts
to do so lave faced several challenges. First, there is no universally accepted
definition of grasslands (Baile}989, Scholeand Hall 1996, House and Hall

2000). Second, there is little agreement on the methods to determine boundaries
between native grasslands augticultural land/permanent pasture and between
grassands and forests (White et 2D00). Finally, there is limited data available

for evaluating historical change. Therefore, there is still a need to develop
standardised methodologies that are usefutiétecting landise change in

grasslands.

New Zeal andés indigenous tussock grassl al
ecosystem services (i.e. water regulation and soil formatratyding significant

cultural values to New Zealanders. Unlike many otheéigenous ecosystems in

New Zealand, theussock grasslands have a unique and partially human induced

origin. Once largely in forest and shrubland, regions of tussock grassland were

created by the aftermath of Maori burning and clearing for hunting nba a

encouraging the growth of bracken féRteridiumaquilinenL.) (Stevens et al.

1988 as cited by Ewers et al. 2006).



PostEuropean settlement the grassland systems underwent a variety of
transformations. In the South Island, between 1844 and h@86&hof the

indigenous grassland was acquired from the Maori (Brower 2008). During this
time variable pastoral licenses were granted (ranging from 1 y€aniterbury to

14 years in Otagogand the tussock landscape was rapidly transformed. Lease
holders usedire to ready land for grazing and to facilitate travel. The result was a
huge reduction in area of lowland and montane red tussock grasslands, the
elimination of snow tussock from lowland eastern parts, and the reduction of
snowtussock found near settl@areas. By the 20th century there was substantial
loss of native species through conversion to vigorous exotic grasses maintained by
the widespread us of fertilizers and herbicides &edritroduction of rabbitglfe
exotic specie®ryctolagus cuniculud.) contributed to additional degradation

particularly in the drier parts of the Mackenzie Basin and Central Otago.

Today, New Z e a prasslahdsystem nethaing Bohomly ashighly
modified landscape but also a continuously changing landsiceyasionexotic
species suchs gorse and hieracium contirtoghreaten the restablishment of

native vegetatiorf-urthermore, recent changes in largk activities have led to
further fragmentation. An increasing number of indigenous grasslands (in the
South Island), formerly used for extensive grazing, are being replaced with exotic
pasture, forestry plantations, and perennial crops. However, though most New
Zeal andbés indigenous grasslands have beel
indirect and direct effcts human activity, they have continued to support a rich
flora and are characterized by high speciesrdity (Dickinson et al. 1998,

McGlone et al. 2001, Walker et al. 2008ark et al. 2009).



Historic Pre-european Current
extent 1840 extent
2008

Figure 1.1 Changes in theextent of New Zealand's indigenous grasslands since the arrival of

humans

Though experbpinion-based estimates of the extent of the remaining grassland
cover have ben made (Mark & McLennan 200%)yantifying the true extent of
grassland biodiversity canties to be ahallenge (Walkeet al. 200§ Several
land-use/cover maps have been developed for New Zealand (Newsome et al.
1987, Thompson et al. 2003). These methods relied heavily on field observation,
making data collection timeonsuming and econonailty inefficient for regular

updates of large areas. Furthermore, vegetation cover mapped by Newsome et al.
(1987) was mapped at a coarse 1:250,000 scale and the New Zealand Land Cover
Database produced by Thompson et al. (2003) primarily targeted woody
easystems. These maps have therefore not been reliable for accurately detecting

changes in New Zeal andod®talge0é)s sl and ecosy:

Internationally, the use of remotely sensed imagery is becoming-aftesive

method to identify and mapnd-use/cover changes in grasslands. Substantial
improvements to the standardization, illumination, and viewing geometry, (Liang
etal. 2005, Dymond and Sheph&@04) along with enhanced spatial resolution

(as much as 5 metre pixels), has significantipioved the ability to detect

changes in vegetation cover. Therefore satellite imagery provides a viable source
of data which can be used to efficiently and accurately deteculsmdhanges in

grasslands.



Satellite imagery is useful for monitoring chang landuse at a global, regional

or national scale by virtue of its large areal extent and high resolution. Substantial
improvements to the standardization, illumination, and viewsgmetry,

(Dymond and Shepherd 2004, Liang e28l05) along with erdmnced spatial
resolution, has significantly improved the ability to detect changes in vegetation
cover. Therefore satellite imagery provides a viable source of data which can be
used to efficiently and accurately detect las# changes in grasslands.

There are a variety of change detection techniques that can be used to assess land
use change. These can be summarized into two broad categories: change
measurement (stratification) methods versus classification approaches (Malila,
1980, Coppin et al., 2004Fhange measurement method involves the use of
algorithms and thresholds to danine the changed areas (Siri§189b).

Commonly used change measurement methods include image differencing, image
regression, image ratioing, change vector analysis (CVA)yeagetéion index
differencing (Malila 1980, Coppin et al. 2001, Lillesand et al. 2004, Ding et al.
2007, Lin et al2009). In comparison, classification approaches, which include
postclassifi@tion comparisons, are basedindependently classifiednages (Lu

et al.2004). These images can be classified using a variety of techniques
including: unsupervised classifications, supervised classifications, and manual
digitizing. Classification approaches to detecting tasd change has the

advantage of beingote to provide a matrix of change information and has the

ability to reduce the impact from radiometric calibration between thelaies of
imagery (Coppin et al. 2004, Lu et 2004).

Not all methods have the same ability to detect and monitor chadje i

ecosystems. Different change detection methods can yield different change maps.
This is because the ability to detect change is a function of the class definitions,
the spatial extent, and the corttekthe change (Khorram et 4988, Brockaus
andKhorram1992). The selection of the appropriate method is therefore
important. Though, numerous studies have compared change detection methods,
few studies have compared methods for grasslands (Brockhahamdm

1992, Cohen and Spi&é992,Mas 1997, Bichaand Stibig 2008, Berberoglu and

Akin 2009). Most comparisons of change detection methods have focused on
land-usechange in woody ecosystems (M&97, Baler et al. 2004, Dymond et

5



al. 2008b). In fact, little progress has been made in the appliaaiti@mote
sensing technology for monitoring change in grasstmogystems (Buffing and
Herbel 1965, Cayrol et al. 2000, Burba and Veg@@l). Furthermore,
monitoring land cover change with remote sensing catabeunreliable when
theprocess of interé®peratest a scale below the spatial resolution of the

sensor, as in patchestassock grasslands converted to pastur

Nevertheless, onitoring of reflectance through tinie grassland or senarid
ecosystenis possible through recent remote sensiegelopments that

standardise satellite images for atmosphere, illumination, and viewing ggome
(Dymond and Shephe&D04) Berberoglu (2009) used NDVI and image
differencing of Landsat TM imagery to detect change in serdilandscapes.

Other studiesuccessfully used spectradiometer and satellite data to estimate

and assess biophysical characteristics of grassland ecosystems including biomass
and leaf area index (Briggs and Nellis 1989, Frietled.€1994 Chen and

Brutsaert 1998). In addition, m@tely sensed data have been used to discriminate
among land cover and grassland types (Price et al. 1993), and textural algorithms
have been used to discriminate among grassland communities (Lauver and
Whistler 1993). Studies have also shown the usefsllagkigh spectral satellite
imagery (Bradley and Mustard 2005) and mtétnporal imagery (Langley 2001)

for detecting changes in grassland vegetation. In New Zealand, Vescovo et al.
(2009) conducted a preliminary study of mapping biomass and cover in New
Zealand Grasslands using 2003/2004 Landsat imagery. They found marked
variability between different grassland types, though they noted that indigenous
tussock grasslands showed a Avery simil al
productive areas. Othermuslies have found singléate Landsat TM data provided

a reliable method for mapping vegetation cover in samdiregions (Langley

2001).



1.3 Research Questions

The main research questions addressed in this thesis are:

1
1

How canwe monitor and quantify trends indigenous grasslands?

What are the recent and current patterns and rate of conversion in New
Zeal andbs indPgenous grassl ands
What are thenvironmentalsocial and economicorrelates of

conversion?

Can past patterns of conversion be used to predigte patters of
conversion?

What are the likely impacts eflidated vulnerability assessments to

currentprioritisation tools?

1.4 Goals

The goals of this thesis are to:

1

Address the information gaps in (1) remote sensing technological
developments and nahal land cover data and (2) knowledge of the status
and trends ifmndigenougrasslands.

Map grassland types using fiseale spatial satellite imagery

Detect changes using stratified spatial sampling of remote sensirgndata
ground truth outputssing stratified spatial sampling methods

Apply spatial regression and modelling approachedewtify the ke
predictors ohabitat conversian

Compare and validate patterns of conversion as predicted by past patterns
of change, to actual observpdtterns of anversion.

Assess the likely impacts of validatedlnerability assessments current

prioritisation tools.

The thesis comprises of four main chapterS)hat have been accepted by, or

submitted to four international journaldew Zealandournal of Geography

(published in New Zealandllew Zealand Journal of Ecologiew Zealand),

Environmental ConservatiafyK), Environmental Maagement(USA). While

each chapter is setfontained with an introduction and background literature

review, andormatted according to the relevant journal style, each chapter builds

7



on the results of the previous chapter to develop an overview of the patterns of

|l oss and conservation implications of Ne\

Chapter 2 evaluates a sdlen of remote sensing based lamse change detection

methods. It addresses the information gap between remote sensing technology and

|l and use change detection in New Zeal and:¢
includes an analysis eémporal profileof different grassland covers to explain

the performance of the different change detection metfduts research has been

submitted tdNew Zealand Journal of Geographyg, Weeks E.S., Dymond J.R.,

Shepherd J.D., and Aussiel A.E. Remote sensing methods toldatbase

changes in New Zealandds indigenous gr as:

In Chapter 3 the most appropriate larse change detection method is adopted to

evaluate conversion in grasslands in the South Island of New Zealand during two
consecutive time periods (192001 and 20012008) spanning 18 years, using

satellite imagery. It also identifies types and patterns of conversion that result in

the loss of habitat for indigenous species in different ecological districts, land
environments, landise capabilities, and admitrative districts. This research has

been acceptedly theNew Zealand Journal of Ecologweeks E.S., Walker S.,

Dymond J.R., Shepherd J.D., and Clarkson B.D. Patterns of recent and past
conversion of New Zealandds indigenous g

Chapter 4 descréds a method for an assessment of the vulnerability of remaining
areas of indigenous grassla@uantitative spatial models to predict the
vulnerability of remaining indigenous grasslanatmversion were createdased
on new mapping of past and curreamd use in relation to patterns of climate,
topography, soils, and proximity to infrastructure (i.e. roads) or existing
developmentFurthermore model validation techniques were developed to
measure the ability of vulnerability of predictions based ongmastersion to
predict current and future conversidihis research has been accepted by
Environmental ConservatioWeeks E.S., Overton J.M., and Walker S.,
Estimating dynamic patterns of vulnerability in a changing landscape: a case
study of Nmndigenows grasalandsd

The final research paper, Chapter 5, builds on Chapter 4 in which the likely

impacts of validated vulnerability assessments to current prioritisation tools are
8



addressed. This chapter considers the importance of using validatedability

data in conservation planning and assesses the congruence of realised protection
outcomes with apparent conservation priorities from simple and more complex
planning tools, and those using surrogate and validated vulnerability data. This
researh has beeaccepted subject to changesthwironmental Managemeas:
Weeks E.S., Walker S., Overton J.M., arldr&son B.D. The value of validated

vulnerability data in conservation planning.

Chapter 6 is a synthesis of the research presented in the preceding four chapters. It
highlights the key findings of this research and summarises general trends in
conservation planning in New Zealand. It also makes recommendations for future

research needl to improve conservation planning in New Zealand.
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2 Remote sensing methods to detect langse changes in New

Zeal andds indigenous grassl ands

2.1 Abstract

I n order to Iimprove biodiversity managem¢
grasslands, it is necessary to moniémd-usécoverchange trenddVe evaluated

a lection of change detection methods (image differencing, NDVI differencing,

post classification, and visual interpretation) to determine the most accurate

method for detectingland s e change i n New Zeal andébs in
Ourresultsdemonstrate t he di fficulties of detecting
indigenous grasslands. In the grassland landscape, automatic detection methods

were not able to differentiate between variations of soil moisture and vegetation

phenology from variations in langse ©iange. This, in combinatiaomith

topographic effects, whichave hampered the automated mapping of vegetation,

Is the main reason why visual interpretation of higbolution imagery is still

needed. Operatassisted interpretations of higésolution imgery were able to

detect change at 98% accuracy. This surpassed all other methods, which were

unable to achieve averall accuracy greater than%6

Key words remote sensing, langse change, indigenous grasslands, New Zealand

! Submitted as Weeks E.S., Dyomnd J.R., Shepherd J.D, and Aussiel A.E. to New Zealand Journal
of Geography
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2.2 Introduction

Landuse has been recognized as one of the major drivers of global change in
ecological systems over the past several deq@imgpland 1994Vitousek 1994,
Salaet al 200Q Weng 2002 Rapid and sizeable changes, brought about

primarily through the demand fproductive land, are occurring across different
ecosystems, including grasslands. Recent estimates indicate that 41% of all
temperate nomwoody grasslands, savanna and shrublands have been converted to
agricultural landWhite et al. 2000) Many grasslamglcontinue to remain under

threat to further conversion for intensive land uses, and it is uncertain how best to

monitor them, particularly in New Zealand (Walletral. 2006).

Approxi mately 60% of New Zeal andbs | and

grassland ecosystems comprising either introduced or indigenous grassland
speciegWardle 1991) Approximately ondifth of these grasslands are modified
indigenous short and tailiso©ck communities, mostly located on the South Island
(Mark and McLennan 2005). They were created around 800 years ago through the
burning of lowland forest by Maori for Moa hunting and to encourage the growth
of bracken fernRteridium aqulinuni.) (Stevenst al 1988, Ewert al 2006).

After the arrival of Europeans (circa 1840), most of the indigenous grasslands in
the South Island were acquired from the Maori by the British Crown and pastoral
licenses were granted for up to 33 years (Brower 2008).ldthi® rapid changes

in the landscape. Lease holders used fire to ready land for grazing and to facilitate
travel. By the 28 century there was substantial loss of native species through
conversion to vigorous European seeding exotic grasses maintained by the

widespread use of fertilizers and herbicides.

Informal observations and (albeit limited) quantitative data suggeshttie last

decade onver sion (fidevelopmento and/ or i

mp |

grazing of dairy stock is proceedingapi dl'y i n New Zeal andds r

indigenous grassland§his hasled to the introduction of exotic European seeding
grass speciesuch as short rotation rye grass, white clover and red clover, which

were better suited to high stocking rates and intensive graizipe. 1
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discretionary conserftsvere issued on 17 pastoral leases in the period April 2002

to March2003and on 35 and 4f2ases in the subsequentrm®nth periods

(Walker pers.com.L.and reform (coll oquially known
gathering pace, dividing former pastoral leases into separate freehold (privatized)

and conservation parcels, concentrating pastoral ptimuwithin the freehold

portion, usually on lower elevation land, and enabling new land uses such as
subdivision, dairying and viticultur&his appears to be leading to accelerated

loss of indigenous grasslands (i.e. low producing, depleted and saltkus

grasslands) on land transferred to freehold through Tenure Review.

Spatially explicit information describing the extent, condition, protection status

and trends in New Zealandds indigenous g
assessing the impaai$ current land management practices and conservation

initiatives. It is necessary to determine where, and how urgently, changes in

regulations, management and conservation practices are required for sustainability

of indigenous grassland ecosystems. Qieveralandcover maps have been

developed for New Zealand, including New Zealand Land Resource Inventory

(NWASCO 197579) The Vegetative Cover of New Zealamke(vsomeet al

1987, and the New Zealand Land Cover Database 1 (1996/1997) and 2

(2001/2002 (Thompsoret al 2003). These maps were developed usitensive

field observation, making data collection thbensuming and economically

inefficient for regular updates of large areas. Furthermore, vegetation cover

mapped by Newsomet al (1987 wasmapped at a coarsell000,000scale, and

the New Zealand Land Cover Database produced by Thompsor2&C3.

primarily targeted woody ecosystems. These maps thaveforenot proved

useful for detecting changes akeretNew Zeal :
al. 2006).

Internationally, the use of remotedgnsed imageryas becoma costeffective
method to identify and map lange/cover changes in grasslands. Berberoglu
(2009) used NDVI and image differencing of Landsat TM imagery to detect

change in semarid landscapes. Other studies successfully used spectro

2Type 1 consents are issued for Burning, Clear Scrub, Cultivation, Earth Disturbance, Fertiliser,
Maintain/upgrade tracks, Plant Trees, Soil Disturbance, Sow Seed, Topdress, Tracking, or

Trenching
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radiometer and satellite data to estimate and assess biophysical characteristics of
grassland ecosystems inclogl biomass and leaf area index (Briggs and Nellis

1989 Friedleet al 1994 Chen and Brutsaert 1998). In addition, remotely sensed
data have been used to discriminate among land cover and grassland types (Price
et al. 1993) and extural algorithms havieeen used to discriminate among

grassland communities (Lauver and Whistler 1993). Studies have also shown the
usefulness of high spectral satellite imagery (Bradley and Mustard 2005) and
multi-temporal imagery (Langley 2001) for detectinguees in grasahd

vegetation.

While previous studies have used high resolution spectral data from satellites and
spectreradiometers to estimate biophysical characteristics of grasslands and to
discriminate among majgras$and cover types in New Zealandgscovoet d.

20009) little research has quantitatively compared differeaethod for detecting
changes ietweergrasslanaover typesThe objective of this study therefore is

to compare selectiorof different landusécoverchange methodsmage
differencing,NDV!I differencing, postclassification, and manual mappirtg)

detect changebetween different grassland cover typlesv(producing grasslands
depleted grasslandsi|l tussock anexotic pasturefound in New Zealand~or

the purpose of this study lowquucing, depleted and tall tussock grasslands are
considered o6indigenousd grasslands (Vvi su:
high reflectance of red and meditinfrared bands) because they are extensively
managed grasslandsminated by endemic tussk grassChionochloa, Poaand
FestucaspeciesThe nonindigenous grasslands include high producing
grasslands (visualised orangal in the false colour visualisation because of their
high reflectance in the nearfrared band) which are intensively managed
grasslands characterised dxotic Europeaseeding grass species, such as short
rotation rye gras, white clover and red clover. We measured the accuracy of each
method to detect change between the indigenous grasslands and-the non
indigenous grasslandé/e alsoanalyseemporal profiles of diffemet grassland

covers in order to try to understand the difficulties described in the literature of
separating the four different grassland cover types.
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Study Area

The study area is the Mackenzie Ecological Region (51,3%7krthe centre of

South Islandeast of the Southern Alps (fige2.1). The Mackenzie Ecological
Region has a senairid climate with high velocities of wind and highly variable
seasonal temperatures. The high mean summer temperature is 20°C and the
average low winter temperaturel °C. Precipitation also widely varies between

the seasons. The average annual precipitation is between 500 and 1000 mm, with

most rainfall falling in the winter (June to September) (Leathwick 2003).

According to the New Zealand Land Cover Database (LCpBioximately 91%

of the sudy areaisid i n d i gesslandédepleted, low producingnd tall
tussock grasslandslhe remaining 9% of the study area includes lakes and rivers
(4%), exotic pasture (seeding European species) (4.6%), settlements (hd1%) a
high alpine herbs (0.4%).

v ™1
"‘ 170°90°E g A 175'%)"E
/ s

4

N

Figure 2.1 Location of the study area, the Mackenzie Ecological Region, is in soutfest

Canterbury in the South Island in New Zealand (Landsat 7 ETM+ bands 45 and 3 mapped

to red, green andblue).
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2.3 Methods
Satellite data & pre-processing

The dataset for this study comprised Landsat 4 ETM+ and Landsat 7 ETM+
orthorectified satellite images, taken during the summers of 1989/1990 and
2001/2002We removed the confusing effects of topograffdymond and
Shepherd 1999)y processing the imagery to standardised spectral reflectance,
that is, reflectance on a flat surface, viewed from zenith, with a standard solar
elevation (Dymond and Shepherd 2004). The ETM+ bands were also pan
sharpened to 15mxmls using a local correlation filter (Dymond and Shepherd
2004) to retain the integrity of tlwriginal spectral signatures.

Four images wermosaickedo get a 95% cloudree coverage of the Mackenzie
Ecological Region. The images were geometricallyemed and geceferenced

to the New Zealand Map Grid (NZMG) coordinate system by using 2.5 meter
pixel blackandwhite orthephotographs as reference. Approximately 25 evenly
distributed ground control points (GCPs) pairs were selected to produce a
mappingtransformation with a root mean square (RMS) mapping error of 20

meters. Resampling was performed using cubic convolution

The finalmosaickedmages of the Mackenzie Ecological Region were then

masked to exclude areas that were not grasslanassk d grassland cover was

created using the four grassland covers describb@wZ e al andds Land Co
Databasel¢w producing grasslands, depleted grasslands, tall tussock grasslands,

and high producing grasslang¥hompson 2003)The final images used for

change detection included aredgyrassland covesnly, andexcluded all other

cover types.
Image differencing

The image differencing method resulted in a residual image which represents the
change resulting from the subtractiof the twadates(nominaly 1990 and 2002).
Band 4 was used for the change detection because it is one of the most useful

bands for detecting vegetation chaii§egh and Yadava 197Singh 1986,
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1989. Using ERDAS Imagine 9.2, a temporal difference image waseterising
the stadard formula:

DX = X (t2) T X (ta) (1)
where %ij (t) is the reflection of the ij th pixel in band k at time t

Pixels of no reflectance change were distributed around the mean, while pixels of
reflectance change were distributed in the tails of the distrib(@imgh and

Yadava 1974, Singh 198@)arge negative or large positive values corresponded
to probablechage. A t hemat i ¢ i mage of O0changed
by thresholding the difference image. A crucial component of this change
detection method is the selection of a threshold value bettwshangéando
changé@ Numerous techniques have besediin selecting threshol@Stowet al,
1997, Phinret al, 1999, Rogerson, 200Zor this study, we adoptdide

interactive approach used by Woodwetdllal (1983) Various standard threshold
levels were applied to the lower and higher tail of eadhiloligion in order to

find the threshold value that produced thghleist classification accuracy.

NDVI differencing

The NDVI is a widelyused spectral vegetation index that has been correlated to
biomass, plant productivifand a variety of other vegetation parame(Bicuse
et al. 1974, Tucker 1979)'he NDVI is calculated from the red and nedrared
standardised reflectance images:

NDVI = (nir 1 r) / (nir + 1) (2)
where nir is the standardised reflectance in tlea-imérared band and r is the
standardised reflectance in the red band. We calculated NDVI for both dates and
then differenced them to create a change (Napson 1983, Singh 1986)Ve
then selected the optimum threshold values of change by maximizing the

classification accuracy associated with a given number of standard deviations.
Postclassification

We usedthe matrix operation tool from GIS Analysis in ERDAS Imagine to
compare the two land cover thematic images, Land Cover Database 1 (LCDB1)
and Land ©ver Database 2 (LCDB2)CDB1 was developed in 199i5ing

SPOT imageryandupdates whermade in 2002/08sing Landsat 7 ETM+
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satellite imageryto create Land Cover Database 2 (LCDRT)ompsoret al,

2004) Each LCDB map consisted of a vectmsed thematic classification of 43

land cover/used$our of which were considereor this study: low producing

grasslangtall tussock grasahd, exotic pasture, and depleted grasslarius.

resulting thematic imageals si f i ed 06 c h a betyweed theabovea ny ¢ han ¢
classesWe then used the matrix operation tool enalidanatic recodinglhe

resultingflewas a bi nomial thematic i mage with

changed.
Manual mapping and visual interpretation

Land-use change, from indigenogeassland (low producing grasslands, tall

tussock and depleted grasslands) to aindigenous grassland cover (exotic
pasturewas manually mapped using visual interpretation. Satellite imagery was
used for interpretatn and was supplemented with ortteatified aerial

photography. Using ERDAS Imagine 9.1, each polygon of change was digitized at
a display resolution 1:10,000. Digitizing was conducted using the area of interest
(aoi) tool. The aoi file was then convertieda vector file. This file was then

converted to a binomial raster | ayer of
Accuracy Assessment

Each change detection method was checked for accuracy using stratified random
sampling. The change detection layers consisted@ttratagchangéando

changé@ Within each stratm, at least 75 random samples were selected
(Congalton 1991). Actual change was determined by visually exanthmergrea
around the selected points in a sequence of quttfadographsit al:1,00 scale

using the three dates of imagery (1990, 1996, and 2002).

Classification accuracy was assessed using the ERDAS Imagine Accuracy
Assessment utilityThe overall classification accuracy was calculated from the
error matrix by dividing the correctlyassified samples (sum of the values in the
main diagonal) by the total number of samples. The pro@ueaecuracy (errors of
omission) and usé& accuracy (errors of commission) were also derived from the
error matrix. The producér accuracy is calculatdxy dividing the number of

correct pixels in one class by the total number of pixels as derived from reference
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datg the more errors of omission, the lower the prodiscaccuracyBanko

1998) The useais accuracy measured the reliability of the map biddig the

correct classified pixels in a class by the total number of pixels. The Kappa
coefficient was also calculated to provide an additional measure of the overall
accuracyit measured the proportion of agreement after chance agreements have
been remwed from consideratio(Rosenfield 1986)For examplewhen the

Kappa coefficient is zero the agreement between classified data and verification

data equals chance agreement.
Trend Analysis

To explorethe phenology ofhe fourgrasslandovers a time series of remotely
sensed data was collectedm SPOT 4 VEGETION (1km resolutiothroughout
the growing seson.The VEGETATION sensor was selected because its wide
swath provides daily coverage of the study avéa.derived the average NDVI
for each of the grassldrcover types in the study areamdatime series between
1998 and 2007 of averaged taily NDVI was produced.

2.4 Results

Thresholds

Standard deviations df G ,0,2 30 and 40 was tested for b
differencing and Image diffeneing data to define the most suitable threshold. As
result of thi s neostaceusat one anongdihersvaadsshotved e
more important spectral variation between the two d&igsre 2.2shows the
spatial distribution of spectral change foe tiwo change detection methodsda
the corresponding histogram. Difference between NDVI images ranged from
0.25and-0.92 with and theange of differencbetween images using the image
differencing method was85and112 Threshold application was perfoed for
each change detection methusing the following formulas:

nochange =20 < x < @ndchange =2 0 < x > O+ 2(8)
Thisimage was reclassified whichsultedinanew I mage wi th the va
assigned for o0no c hanThetdtal setrolchadgedandf or ¢ h a |
ounchangedd pixels resulting from the ab:

accuracy assessment.
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Comparison of change detection methods

Table 2.1shows the accuracy of the four change detection methidiél

differencing had higherusgecm c cur acy (97 %) for forhe O6no c
t he O0change 6additibnahe prod(c#sl %@ c c Urnacy f or t he 6
class was higheB(%) thanthé® n o ¢ h a n g¥%).6rhecelwass sotidedbl2

di fference between the accuracy of o6no cl
NDVI differencing method. Withsthe édno cl
accuracy 98 comparedto® f or t h e Ocatiora Thgreviereenéra s s i f i
errors of «arhiasnggiedn cil m stsh & h&resultmginaar s of ¢
u s sacdéuracy 0b3%. In comparisoythe postclassification method andsual

interpretation also had higlseb accuracy 98%, and 9% respectiely) for the

6no c¢chang.dowekrethessedt | @aaacur acy fthelowestc hangeod

(4%) for the postlassification and higst(97%) for visual interpretation.

Table 21 Accuracy (%) of the change detection methodémage differencing, NDVI

differencing, post classification and visual interpretation).

Producers Users Overall
Class Name  Accuracy Accuracy Accuracy Kappa
Image differencing
no change 81 97
54 0.09
change 52 11
NDVI differencing
no change 95 98
56 0.12
change 53 13
Postclassification
no change 45 98
a7 0.04
change 100 4
Visual interpretation
no change 97 99 98 0.97
change 98 97

Visual interpretation attained th@ghest overall accuracy of 98% anadsp
classification had thiewest overall accurad7%). Of the two automatic
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detection method#yDVI differencing attained a slgly higher accuracy (36)
than image differencing (54%). Theagpa statistics for all methods other than
visual interpretation was low. Pedfassification had the lowektappa statistic
(0.04), followed bymage differencing (0.0%andNDVI differencing 0.12).
Visual interpretation had the highest kappa statistic (0.96).
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8 Ry 5 % it |

5 4
y : <
J ;fz&,_-t ; - 2
2 ! § ; r ;
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Figure 2.3 A comparison of the distributi on o f 6 c h an g edetected usingomro changebd
different change detection methods (image differencing, NDVI differencing, post

classification, and visual interpretation).

Image differencing, NDVI differencin@nd postclassification methods were

unable to detect all land cover chand&sgure 2.3. Image differencing, however,

was able to detect more (87,200 ha) oOchai
ha) or NDVI differencing (20,430 ha) (Rige2.4). Though image differencing

detected morecmage, much of the O6changed detecte
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Attempts to reduce these inaccuracies by adjusting the threshold proved

unsuccessful.

400
350
300
250
200

150
100 87.20

50 T 29.43 0.12 9.68

image ndvi post visual
differencing  differencing classification interpretation

m change

no change

Hectares (thousands)

Figure 2.4 A comparison of the area of change (measured thousandsof hectares) detected
for each change detection method (image differencing, NDVI differencingpost-
classification, and visual interpretation). The reference data was collected usj arial
photographs and groundtruthing .

Figure2.5 highlights the differences between the four change detection methods.
The visual interpretation method produced the most accurate mape#&Hy

Image differencing (Figre4c) resulted in a change map with a scattered
distribution of change. Extensive areas were mapped dsi$g@tover6 c hange 6 .
NDVI differencing (Figire4d) produced a similar map to that of image
differencing however unlike image differencing, it underestimated the
distribution of change. The peslassification (Figre4e) method produced a

change map wiit little detected change.
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Figure 25 A comparison of the distribution of change for four change detection methods
(image differencing, NDVI differencing, postclassification, and visual interpretation). Figure
(a) illustrat es the land cover in 1990 and (b) in 2001 (Landsat ETM+ bands 4,5 and 3
mapped to red, green, and blue). Figures-tillustrates the changes (in red) detected for each

change detection method.
Trend Analysis

Figure 2.6 shows the time series plot of NDVI for the five grassland cover types.
There is significant inteannual and seasonal variation in spectral response. The
low producinganddepleted grasslandend to have greater withirlass

variability than the more hoogenougall tussock andhigh producing exotic
grasslandsThis illustrates the effect of changes in climatic and vegetation
condition from season to season. While the spectral resportsgtigsroducing
exotic grasslandandtall tussock is more consistefrom year to year, there
remains a high variability itow low producing and depleted grassladds to
various factors including atmospheric conditions, soil moisture, vegetation

phenology, and the extent of bare ground.
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