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Chapterl

INTRODUCTION



1.1Landscapd=cology

Landscapestetch as far as the eye can see, taking in landforms such as hills and valleys, plants
and animals, and including weather effects, human activity, land uses and the built environment.
Landscapes are active and changing as soils form and erode, as pidrdsimals respond to
climate and as humans use and change soils, water, plants, animals and the atmosphere i.e. our

life giving resources.

Landscape ecology studies the relationships between and within ecosystems and external
influences such as weatherand uses, built environments and human activities. This multi
disciplinary science looks for patterns, processes and relevant scales indmalacenvironmental
issues. A key goal is to identify management options and develop tools which will enabitathe v

natural resources to be improved, maintained and made renewable.

Biodiversity can be defined as the totality of genes, species, and ecosystems of a region, and is
often used as a measure of the health of biological systems. Understanding biodiiersitical

to sustanable management of ecosystentut how best to measure biodiversity? This is a major
challenge in Australian landscapes, to cover large areas, to document variations in vegetation

communities, and to capture ecological responses taditions ranging from drought to flood.

The Eyre Peninsula Natural Resources Management Board recodiiz@® change as a core

future influence on the natural resources tife region placing pressure on native ecosystems,
production systems and wateesources. The 2 I NRQ& § Sy PlanfEP NRM Bodidl, G S 3 A
2009) places a priority on helping communities to understand, adapt to and mitigatépacts

of climate change. Adaptive farming systems will be essential in a chacigimage and variable
economic market,crucial groundwater resources may become stegbsand require different
management and special attention will be required for the managemaitareas of native

habitat that are at risk from climatehange

1.2Landscape Scale Research

Understanding and managing Australian landscapes is a speciangealecause of two key
factors- variability and patchiness. Rainfall is highly variable and patchy, with frequent droughts
lastingseveral seasonsThe European agricultural systems known by our immigrant forefathers
are generally reliable and predictgbespecially in the temperate and humid environments of the
northern hemisphere. Much of Europe relies on perennially flowing rivers and annual rainfall
recharge of shallow groundwater reserves for water supplies. In contrast, Australia has highly

variabk and unreliable water supplies.



Australian ecosystems have developed a 'boom and bust' approach to recruitment, adapting to
the highly variable cycles of flood and drought. The Australian population, on the other hand,
wants regular and predictable supgdi of food and water, creating conflicts between society's
needs and Australia's highly evolved ecosystems. Managing this conflict is critical because the
long term success of the economy is increasingly dependent on the provision of services from the

environment such as basic food supplies, clean water, detoxification and fresh air.

The introduction of urban and agricultural development to our landscapes has led to significant
problems which undermine the sustainability of ecosystem services. Loss ofatiegetover
exposes soil to erosion, and diversions of water from rivers dries floodplains and river channels.
Replacing perennial evgreen vegetation with sho#lived annual crops alters water and salt
balances, while changes in land management canagedwr increase ruoff water and water

quality.

The life sustaining system of a landscape is composed of many interacting and dependant
components. Understanding this complexity and the major interactions is essentiaiderand
sustainable managemenfustralia's natural resources are declining due to increasing pressures,
including climate change, urbanization, and intensive agriculture. These problems are being
addressed through regional plans which attempt to prioritize among a range of possiblesactio
often using a limited and inadequate information bad¢] | y R aitGrestsl8ence is developing

tools for integrated solutions to manage natural resourcBsese tools will be use manage

whole landscapes and ecosystems, and to select the mostteféemanagement actions.

1.3Landscape Futures Program

The Landscape Futures ProgranThe University of Adelaidéed by Professor Wayne Meyer, has
been established to respond to the growing need for integration solutions to the management of
natural resources. Ibrings together a talented and dedicated group of research&rachers,
managers and communicatot® develop tools and research projects to provide answers to
crucial questions around the issue of sustainable management of our preciousinggsources.

It has developed a systemdde research approach to explore management options for
improving agricultural productivity while conserving and restoring natural ecosystems. Developing
strategies for local governments to adapt to climate chaisgene keyesearch focus of the new

Envisioning Future Landscapes Initiative.

Participants in the Landscape Futures Proghenidl a vision of a renewable Australian landscape
that will be used for production consistent with its capacity. It will give deeognition to

livelihoods and lifestyles as well as retaining endemic biodiversity and it will, in time, be in energy,

3



nutrient and water balance. It will contain a mosaic of connected endemic ecosystems and its
aesthetic and spiritual qualities will beluad. The regional population will be supported by the
resources of the region, they will have access to services that assist with a high quality of life and

our measure will be improvement in human well being.
How we use the land, and where we do it,lwied to change to adapt to:

1 changed climate,
1 changed markets,
1 changed community values,

1 changed opportunities

Landscape Futures analyssows us to identify future land use options to give the best
combination of environmental, ecological, economiadasocial outcomes in the face of climate

and market changes.
The Landscape Futures Program aims to develop:

1 new methods and models for landscape futures analysis that better inform managers and
policy makers of conservation, repair and maintenance optfonsustainable land use;

1 improved information systems to assess and monitor natural resource condition and
provide a basis for projecting likely environmental condition into the future;

9 skills and knowledge for planning, implementing and monitoring f@rowed natural

resource management
The expected outputs produced by the Landscapes Futures Program will:

1 improve and verify models used in estimating the water, carbon and nutrient balances of
different crops and vegetation types with current and fututienate conditions;

9 identify the economic and community consequences (jobs and services) of changing land
use practices to improve and conserve resource conditions;

9 develop alternative methods for assigning economic, social and environmental values to
agriailtural production, community services and ecosystem services;

1 improve methods for assessing and prioritising biodiversity values of different land use
configurations;

9 develop and demonstrate new methods for assessing and monitoring natural resources at

landscape scales;



1 identify new ways of demonstrating and communicating possible regional landscape

arrangements and functions using animation and visualisation technology.
1.4 Climate Change,@nmunity and Environment

One of the projectswithin the Landscap€ dzii dzNB & t QNiRai Nehavige, Cammdinity and
Environment Building research capability to identify climate change vulnerability and adaptation
options for South Australian landscagewhich wasunded bythe South Australian Government
through the Premier's Science and Research FURERFE)This project (CCCEas initiated in
2008/09 andlooks atplanning for adaptation to climate changetime Eyre PeninsuléEP)NRM

and SA MurrayDarling BasiffSA MDBJegions It will position South Australian taral resource
management research and regional implementation in the vanguard of climate change

vulnerability assessment and adaptation strategies at the landscape scale.
The overall project aims were achieved through the implementation of threepsojects:

1 EREyre Peninsula Landscape Future (EPNbplying the imate Change(CCadaptation
methodology to the Eyre Peninsula NRM regiocluding the impact on dryland farming
(wheat production), biodiversityand carbon sequestratiomnd examining fuure social
and economic viability.

1 SA MDB Climate Change impact assessment, adaptation and emerging opportunities for
the SA MurrayDarling region (SBC CCAPApplying the @mate Change adaptation
methodology in the SA MDBexamining future options fo CC adaptation across
horticulture, tourism, carbon capture and bfael production. Led by the SA MDB NRM
Board in strong partnership with local councils.

1 SA MDBDeveloping Landholder Capacity to adapt to Climate Risks and Variable Resource
Availability in the Bookpurnong and Pyap to Kingston On Murray Regions of the Riverland
South Australia (MDP LAPDeveloping tools and building capacity to respond to CC
within the irrigation/horticulture communities of the riverland in South Australia, major
focuson forward looking business decisions including allocation of water and choice of

crop types.

The first projectwas funded entirely by the PSRfewever the second two received additional
funding from Strengthening Basin Communities and the CSIRO. eflided the overall project
approach of seeking additional resources to increase project scope and capacity and further test

project methodologies within a range of scales and contexts.



Thisthree year project hadontribution from seven partners

1 TheUniversity of Adelaide

1 CSIRO Climate Adaptation Flagship

1 South Australian Research and Development Instig8#®RDI) PrimaryIndustry and
ResourceSA (PIRSA)

Department of Water, Land and BiodiversignServation(DWLBG)

Department for Environmerdnd HeritaggDEH,)

SA MurrayDarling BasiNatural Resources Managemddbard

= = =4 -2

Eyre Peninsulblatural Resources Manageme®bard

Note:
OnJuly #2010 the natural resurces section of DWLBC combinéith DEH to form the new

Department of Environmenta Natural ResourcéDENR
This report focuses on the anadgs and result$or the Eyre Peninsul&lRM region.

In addition, someresults from the completion of the Lower Murray Landscape Future Project
(LMLF) in the South Australian Murrdyarling Basinand two CMA regions in Victoria are
presented This analysibuilt on the baseline dataet that had been developed by this project
(LMLF) to investigate the impact of climate change on natural resources and on the

achievement of NRM plan targets.

1.4.1 Aims

Through the CCCproject, we expect to develop the understanding, expertise and tools that
result in more evidence based planning and implementation of regional NRM. The net result will

be more cost effective conservation and more resilient viable rejioommunities.

We will identify those land use practices and conservation areas that are most at risk from
adverse effects of climate change and identify adaptation strategies and policy options to support
planning and implementation by regional naturasource management agencies. In so doing we
will identify the management investments that get the best improvement in natural resource

condition while looking after jobs and services for the regional community.

The research team aims to use Landscapeuriest Analysis to estimate responses of regional
agricultural and carbon production, biodiversity and economics to climate change scenarios which
can then inform regional scale climate change adaptation strategies within the EP and SA MDB
NRM regions by 2@



1.4.2 Objectives

To achieve the aims of this project, a number of specific objectives were established

1 agree on future climate scenarios (one baseline and three potential climate change
scenarios)

9 defining sub regions that recognise the climate, aoitl land use differences across the
Eyre Peninsula NRM region;

9 acquire and assemble a variety of both spatial and-spatial data covering a range of
biophysical, ecological, social and economic aspects of the EP and SA MDB regions

1 model the impacts oflimate (under each of the four future climate scenarios) on each of
these aspects as a separate mod(daly some modules wereimplemented for SA MDB)

1 gathersoil and crop yield data from different locationa Eyre Peninsuleap use for cop
production malel validation;

1 identify potential changes in plant species distribution under climate change scenarios
and,

1 developing an analysis framework for assessing sub regiamakrability to climate

change.

The outpus from this project will be used tmform community andNRMplans with the doice

of preferred optionsto be made bythe community and NRM Board.

1.4.3 Project Governance and Management

The University of Adelaide was the agent for tBkmate Change, Community and Environment

(CCCE) projeand anumber of groups were established to run this program (Appendix 1).

An Advisory Groupof senior representativesrom the two NRM regions, independeMRM
consultants and a senior ecological researcher metnpiually. The role of the Advisory Group

was b provide advice to the Project Leader and Research Team on

1 the scope and direction of the research consistent with the agreed project objectives,
9 how best to ensure good connection with stakeholders and

1 identifying growth and influence opportunities fthie project research and its delivery

Members of this groupengaged fully in the project and provided valuable direction to the
research teamparticularly in identifying @nnections within thetwo NRMregiors, andflagging

communication needs for the viaus stakeholder groups



The Project LeadeiProfessorWayne Meyer worked with a partner Management Groupto
deliver the project. Structured meeihgs of the Management Group weitlgeld on the first

Monday of each month with most members being present irspa, others by teleconference.

The Research Teanmet each Monday morning for a brief cateip in which team members

informally repored on latest developments.

1.4.4 Publication, Consultation and Community Involvement

A principal function of the membeh#p of the Advisory and Management Groups svéb ensure
links between the project partners and also to extend the influence of the projecugirdahe

networks of the members with existing projects and activity.

Annual repots were complemented with a vigous publication effort (Appendix 2. Numerous
meetings, consultations, presentations and workshops were also undertaken during the

course of theproject (Appendix 3, withthe Project Logic workshop deserving special mention.

1.4.5Program Logic

The mid vay point of the CCCE project was used as an opportunity to look ahead to ensure key
CCCE research project partners understand their roles and responsibilities to maximise the
research outcomes. Rural Solutions SA was engagedniducba program logic woskiop with

key CCCE project partngrsPort Lincoln ori6 September 2010focusing on the Eyre Peninsula
NRM regionand inAdelaideon 2 February 2011ocusing on the SA MDB NRM region.

Program logic is an approach that aims to record the ratior{dgial hierarchy) behind a
program and the expected cause and effect relationships between project activities, project
outputs and outcomes, project goal, intermediate and long term outcoamekaspirational vision
(Lucy, 2010; Lucy, 2011).

A key benefit of reording the program logic ihat it can be used as a communication tool to
increase understandingf W6 K| 6 Q | LINR 2SO0 ,IAaR SEHBOM SR (GRA |
acheve that,subject to the underlying key assumptions and factdusil{ internal ard external)

(Lucy, 2010)
Theprogram logic workshapwere used tofacilitate:

{ astrategic discussiogW g KI & ' NB GKS ///79 NBaSINOK LINee2S
f an operational discussiom WK2¢ A& GKS / /79 NBaSINOK LINE
2dzi 02YSaKQ | yR



9 align expectations.

The developed program logic was interrogateg khe participants including identifying
assumptions and internal and external factors. The remainder of the workshop focused on a
WRSGIFIAETQ €t S@PSt o6& RS@S idérbialysB and ke degoning. AFNEhRS t A &
of the program logiadevelopedfor the CCCE research project in the Eyre PenirmdaSA MDB

can be seen in Appendix &ull details can be found in the commissioned rep@tucy, 2010;

Lucy, 2011).



Chapter 2

SETTING THE SCENE
STUDY ARBMODELLING MODULES AND DATASETS
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2.1 Eyre Peninsula NRRegion

The Eyre PeninsuldEP) Natural Resource ManagemeNRM region accounts foa sigrficant
proportion of the sate of South Australia, coveringver 55,000 square kilometres (5.5 million
hectares) of land, 080,000 square lametres including marine area#t includes part of the

upper Spencer Gulf and the city of Whyalla, stretching across the southern boundaries of the
Gawler Ranges, past Ceduna to the edge of the Nullarbor Plain and south to the fishing hub of
Port Lincoln This region has a third of Sbufustralia's coastlineoger 1,800 kilometresand

254 offshore islands.

The region is typified with gentle to low topographic relief mostly less than 150 mati@ge sea
level. The most significant topographic features the Gawler Ranges in tmerth with peaks of
around 500 metreswhile the Koppio Hills in thesouth cover an area obver 100 square

kilometres.

Climate within the Eyre Peninsula is characterised as Mediterranean with cool, wet wantérs
warm, dry surmers. Due to the proximity to the coast areas in the south experienceoter,
wetter climate than those regions in the north. Mean annual rainfall ranges #6@nmillimetres

in the north and northwest to more than 500 millimetres in the sauth

Eyre Pemisua retains 45% (about 2,1&K80 ha) of the prdeuropean extent of remnant native
vegetationand contains important mallee habitat, several woodland communities and a high
number of endemic specie€learance ohative vegetation ranges from 14%earedin the far

west to 72% cleared in the south. About 15% of the region, used mainlyrazing, is covered
with scattered native vegetatio(Figure 1)Forty-four per cent of the remnant native vegetation

is protected in government reserves or by heritaggreements. The region is a significant
ecotone (a transition zone between two adjacent but different plant communities), being the
western limit to a range of eastern Australian species and the eastern limit to many western
Australian speciesThereare 61 nationally listed threatened plant and animal species and 46

migratory species.

Surface water on Eyre Peninsula is scavaéh only one limited surface ¢ehment (the Tod)

utilised for storage Groundwater is the major source of water for the regjonith the major

basins within the Southern Basins Prescribed Wells Area and the Musgrave Prescribed Wells Area.
There are other localised groundwater lenses that provide limited quantity and varying quality of
water. The region features fresh and saline wettinof which 14 are listed in the Directory of
Significant Wetlands in Australidt alsohas a long and relatively undisturbed coastline with

important adjacent marine habitats.
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The Eyre Peninsula region supod population of 55,000 people concentratedthe towns of
Whyalla, Port Lincoln, Port Augusta and Ceduna mwatkes a significant corlbution to the
{GFrGSQa !'SoCeNm2IvAeydr £ O2YYdzyAGASE NBLINBaSyd | LLY

population, with the largest community located close to Qeal

Agriculture is the major land use within the regjawith dryland cropping dominated bgereals

such as wheat and barley. The soils of the Eyre Peninsula are typically flevlity and water

holding capacity and are deficient in plant nutrientsespite theirrelative infertility, the area

provides significant economic returns from agricultumgbduction producing 33% of South

I dz& G NI £ A I QaotherNgridulfuralkattiNt@sSiaciide graziramd wool production, and
horticulture which isincreasinglyspecialising in grapes and olivasK S NB 3 A 2 gu@tdinsO2 | & (
a number of major rural town centres acting as mamurism destinationsand supports a fishing
andaquaculture industry that represents 65% of Sodtkstralia's seafood harves€yre Peninsula

also has an established mining sector watkariety of mineral resourcemineral sands, gypsum,

salt, graphite, marble and jadahd a steel industry withrén ore smeltingn Whyalla

AT
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Figure 1 Eyre Peninsul&RMregion
Source(Ward and MacDonald, 2009)
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2.2Lower MurrayRegion

Someanalysis was carried ol the entire Lower Murray region of southern Australigigure 2

as part ofthe Lower Murray Landscape Futures projethisregion is defined by the South
Australian MurrayDarling BasifSA MDBNatural Resource Management (NRMgion in South
Australia and the Mallee and Wimmera Catchment Management Authority (CMA) regions in
Victoria. The Lower Murray covers a total area of 11,871,363 ha with 51% used for dryland
agriculture which consists mostly of cropping cereal (e.g. Whemaley), oilseeds (e.g. canola) and
pulses (e.g. lupins, beans), and grazing sheep. Along the course of the River Murray there are also
large areas of high value irrigated agriculture. Approximately 45% of the area is remnant
vegetation with approximaty half of this under formal protection. The historical climate in the
Lower Murray ranges from cool and temperate in the south to sad in the north While
results for the entire region are presentedie are particularly interested ithe SA MDB NRM

region.

New South Wales

> MILDURA

» 43

- Mallee CMA -
ool s
. ‘ LT3N

L)

2.

South Australia SBIRCHIF
Wimmera CMA
@KANIVA : 3
. Legend 3
Australian state boarders Fﬂ\ ol HORSHAN Victoria
eyl v, JLle 7
- River Murray and flood plains s L. }_3“ S
ey BID
Ocean and lakes TR A ’ w
N x ,
Remnant vegetation ¥h J i §
: : - National parks N ; v
|:| Study are A )
% RE— 0 50 100 Kilometers

Figure2: Lower Murray study site consisting ohe South Australian Murraaparling BasirNRM region

and the Mdlee and Wimmera CMA regions in Victoria
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2.2.1 South Australia Murray Darling BasWRMRegion

The South Australian Murrdyarling Basin(SA MDB) Natural Resource Managem@iRM)

region supports a population of approximately 126,000 people and extends over more than 5.6
YAfEA2Y KSOGFNBaz FNRY (GKS 2A002NARIY YR bSs
along the Mount Lofty Rangeto the Murray Mouth and up to 14 kilometresto the Southern

Ocean (Figure)3

Councils

Alexandrina

Berri and Barmera
Goyder

Karoonda East Murray
Loxton Waikerie
Mid Murray

Mount Barker
Murray Bridge

. Renmark Paringa
10. Southern Mallee
11. The Coorong

' ] sAamDB

CONOOBWN

Adelaide

10

Figure 3 The South Australian Murrayparling Basin showing overlay of local government boundaries
relevant to this project

Source: (Meyer et al2010)

Thisisoneof i K ! dZA GNJ £t Al Qa Y2ad SO02t23ArA0lftt& RAGS

supports a wide range of flora, fauna, natural environments and human activities. The SA MDB is
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in the rain shadow of the Mount Lofty Ranges, resulting in a marked reduatiorainfall
compared to the country to the west. Even over short distances, a large reduction in rainfall can
occur. Annual rainfall ranges from an unreliable 260 mm at Renmark in the northern part of the
SA MDB, to 387 mm at Lameroo, near the seedisern corner of the SA MDB, to 768 mm at
Mount Barker near the western edge of the SA MDB.

¢KS {! a5.Qa Yyl {ida2NF*f NBA2dzNOSAE &dzLILI2 NI | G AR
dryland agriculture, tourism and recreation and various manufacturingstigés (notably food

products, wine and beverages). Many South Australian towns and urban centres, including
Adelaide, rely heavily on the River Murray for a large proportion of their annual potable water
supply needs. The SA MDB also faces significaanugrowth pressures around some of its major

towns, most notably Mount Barker, Murray Bridge and Goolwa, placing increased pressure on

natural resources in these localities.

Primary production utilises about 82% of the land area of the SA MDB consisbistly rof
pastoral lands (43%) and dryland cropping and higher rainfall pasture areas (38%). Grazing of the
rangelands is a major land use north of the River Murray. Adjacent to the River Murray, within
part of the Mallee and along the Eastern Mt Lofty Resghorticulture is a major land use
consisting of wine grapes, citrus, stone fruit and vegetables. There are also areas of dairy
production on the Lower Murray Reclaimed Irrigation Areas and around the Lower Lakes. In the
agricultural areas, broadacre fang is largely mixed cereal and livestock grazing, although pulse
and oilseed crops are increasing as cropping intensifies, particularly in the more reliable rainfall

areas to the south.

The SA MDB has been gripped by severe drought in recent yearswhdie of River Murray
system inflows during the past two years being the lowest on record. Particularly dry winter
seasons throughout the Murraarling Basin have resulted in low inflows, as well as declining
river and groundwater levels in many areaselimpact of drought is particularly evident at the
downstream end of the River Murray system and other catchments, including the Eastern Mount

Lofty Ranges, Burra and the Marne and Saunders.

Reductions in allocations, limited water access and worseningrwguality have significantly
affected horticultural, agricultural and dairy industry output and, in turn, have had wider impacts
on local communities and economies. Whilst irrigators along the River Murray system have been
hit hard with reduced water acations since 2006/2007 (e.g. closing allocations of 60% in
2006/2007 and 32% in 2007/2008), water users in other areas have also been impacted by either
reduced access to water and/or poor water quality. Little improvement is expected without

significan rainfall and runoff.
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Major threats to the natural resources of the SA MDB arise from past and current uses or from
broader global processes. Some arise from decisions and actions made within the SA MDB while
others arise from the decisions and actionsupfistream states or from global processes (e.g.

climate change). Of particular note are:

the impact of introduced pest plant and animals;
the continued fragmentation and decline of remnant native ecosystems;

ongoing land degradation processes such asadd/kalinity and soil acidity;

€ € € €

the allocation, capture and nelicensed extraction of water resources beyond sustainable

limits;

€

altered quantity and timing of flows within river systems;
w declining water quality due to increasing salinity, nutrients anfiution; and

w inappropriate development practices.

Many of these threats are further compounded by the risk of a warmer, drier region under

climate change predictions.
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2.3Modelling Modules

The CCClproject was conceived and conducted as a seriemadules which weredesigned and
structured as stanglone pieces of research (Figurg Zhese model the biophysical (APSIWhe
Agicultural Production SystemSimulator (Keating et al., 2003)3PG- Biomass and Carbon
Sequestration ModellingLandsberg and Waring, 199Bpecies Mnerability to Climate Change
(Summers et al.2012), economic and social impaaté 4 possible future climate scenarios. The

key objectives of each module are listed in Table 1.

Climate
Change
Modelling
(S0ésSs3

APSIM
Modelling
(S0éss3

3PG
Modelling
(S0és3

Social
Modelling
(S0és3

Species
Vulnerability
Modelling
(S0ésSs3

Wheat Yield | | Tree Biomass |
- Exposure - Exposure
- Sensitivity i - Sensitivity
- Adaptive Capacity | Carbon Sequestranor{ - Adaptive Capacity
| Vulnerability | | Vulnerability |

Wheat
Economics
Modelling

Biomass
Economics
Modelling

| Benefits and Costs | | Benefits and Costs |

' '

Spatially Explicit Regional
| 5| Landscape Futures Analysisfor |gq— |
Climate Scenarios S0, S1, $53

Figure 4 Modular gructure of the CCCErpject
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Table 1:Modelling modulesand key objectives

Module Key Objectives of Module

Climate Change Scenarios

Model climate change for both the Eyreridesula NRM region and the Lower Murra
region (consisting of thouth Australian Murray Darling Basing NRM region and the Ma
Wimmera CMA regions in Vijctoria

Climate Change Define a baseline climate scena(®0)and 3 suitable climate change scenari4,
Modelling S2 S3)and associated estimates of rainfall, precipitation and atmospheridiG@
regional climate models.

Model spatial climate surfaces for each sceoarsing SILO Patched Point Data or
ECOCLIM dafar both the EP and Lower Murray regions

Biophysicd Modules
Classify EP into striegions based on historic climate data for input to the APSIM
Model.
QP%'M Wheat Classify EP into suiegions based on soil characteristics for input to APSIM.
roductivity
Modelling Definethe parameters fowheat cropping undertraditionalfarm managemenon EP
Use APSIM to model wheat yiedd ERunder the baseline and future climate
scenarios to inform agricultural economics.
Model the biomass productivity @& homogeious hardwood plantatiomf a
Eucalyptus speciea, multispecies environmental plantatioand an oil malle e
3PGc Biomass plantationfor input into the biomass economic modelling. Do this under the basel
and Carbon and each of the future scenariésr both the EP and Lower Muay regions
Seque;tration Calculate the carbon productivity (based on biomass) associatediveth
Modelling homogenous plantationsf a Eucalyptus species, thaulti-species environmental
plantation and the oil mallee plantatiolo this for the baseline and future climate
scenariosfor both the EP and Lower Murray regions
Quantify the vulnerabilityf nativeplant species to climate change based on
exposure, sensitivity and adaptive capacity, for use in the landscape futures anal
(584 native plant speciesn the Lower Murrayegiorand 285 nativeplant speciesn
the Eyre Peninsula NRM region)
vdzl ydATe SELIR&MNB a aLSOASaQ 3sSz2anN
distribution models.
Species - Calculate sensitivity as a functon &6 A YLI OG 2F Ot AYlI GS
Vulnerability geographic ranges.
Modelling cvdzl YGATFE RILIGAGS OF LI OAdlGe & aLISOA

under climate change scenarios, using a dispersal kernel.

UsingZonation assess the impact of individual coamgnts of vulnerability
(exposure, sensitivity and adaptive capacity) on spatial conservation priorities an
levels of species representation in priority areas under each climate change scer

Use the full vulnerability framework as a basis for idetti§ spatial conservation
priorities under climate change.

Benefit and Cos{EconomicModules

Wheat Economics Quantify the economic returns and costs of wheat praitutin the EP NRM region

Modelling Model the spatial distribution of economic returfrom wheat productioron EP
under the 4 climatescenarios plus a numbeof extra scenarios to accoufar
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seasonal variations.

Biomass and
Carbon
Sequestration
Economics
Modelling

Quantify the economic returns and costs of biomass produdtoitboth the EP and
Lower Murray regions

Model the spatial distribution of economic returns from biomass production undei
the baseline and future climate scenarios fbe homogenous plantations af
Eucalyptus species and thaulti-species environmentadlantation.

Quantify the economic returns and costs of carbon sequestration.

Model the spatial distribution of economic returns from carbon sequestration (car
trading) under the baseline and future climate scenariogtierhomogenous
plantations ofa Eucalyptus sies and thenulti-species environmentadlantation.

Quantify the economic returns and costshibfuel productionfrom an oil mallee
plantation.

Model the spatial distribution of economic returfrom biofuel production under the
baseline and future cliate scenarios fothe oli mallee plantation.

SocialModules

Social Modelling

Review the literature from Australia and internationally on social indicators that h.
been used to characterise regional social vulnerability to natural hazards such as
drought.

Performsurveys of the social relationships within Eyre Peninsula, and perform
network modelling using these results to determine who influences who in the
decision making process at various levels.

1¢



2.4 Datasets

A large amount of data was collatedrfthe Eyre PeninsuldlRMand Lower Murrayregiors -
meteorological, land use, cadastraiegetation distribution, soils, geologicalemographic and
regional economic data. This data comes from many sources incluti@gBureau of
Meteorology, Australiarboils Resource Information System, AustralBaneau of Agricultural and
Resource Economics and Australian Bureau of Statistics as well as State data from Department of
Water, Land and Biodiversity Conservation, Department for Environment and Heritage and

Primary Industries and Resources South Australia.

Table 2ibts the keydatasets used in each modelling modéde the Eyre Peminsula and Table 3

thosefor the Lower Murray.

A full list of the spatial datasets used in this projextd their custodians¢an be foundin Lyle
(2010)for the Eyre Peninsula, andirBmers and Lyle (2010) for the Lower Murrajese reports

contain a moraletailed description of each of the datasets.
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Table2: Key modelling atasetsfor the Eyre Peninsuldy module

Module Custodian Year Comments

Datasets

Climate Change Modelling

IPCC Global Predictions IPCQ2007) Climate change projections

The Suppiah refinement of global scale projections for southern Australia

Suppiah et al(2007)

Climate change projections

APSIM Wheat Productivity Modelling

Weather station locationsPoint data
Daily rainfall Gridded data
SILO Patched Point Datas®aily weather station datg Point data
1 maximum temperature
I minimum temperature
1 rainfall
1 solar radiation
Soils dadbase- Polygon data
APSIM/APSOIL soil sites databaBeint data
Wheat cropping system and management parameters
Initial nitrogen and applied nitrogen levels

Eyre Peninsula historigheat yield data
1 data from precision agriculture aggregated to paddock/soil averages
1 farmer records of paddock yield from Minnipa over 25 years
1 EP red brown earth trails (10 years of datd),dtain and graze upper EP trials
1 Regionalvheat yields

Bureau of Meteorology
Bureau of Meteorology 1900 to 2008
QCCCE 1900 to 2010

DENR
APSRU
APSRU &ublished research

Scientific lit. andinpublished
EP neasurements (RSSA)

RSSA& Grower records
Growers records MAC
RSSA
PIRSA

For APSIM Zwes
To classify subegions
Baseline climate data

Non spatial
Broad spatiascale

Validation data

3PG ¢ Biomass and Carbon Sequestration Modelling

Australian Soil Resource Information System (ASRI&)I 5 (1:100 00), level4 (1:250 000 &
level3 (1:1 000 00Q

1 soil type

21
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1 available sil water
SRTM Digital Elevation Model (DEMo Q & S-{Tortbeted By Brett Bryan
1 used to model solar radiation in ArcGIS 9.3
1 used as an input to ESOCLIM
ESOCLIM module of ANUCLIM&Qutput grids(100 m) of longterm meanmonthly
1 maximum temperature
1  minimum temperature
1 rainfall
Species Parameters
1 E. cladocalyx
1 E. kochii (oil malle)
1 Environmental plantations

PIRSA

ANU

3PG - Almeida et al(2007)
- Paul et al(2007)

- Bryan et al2010a)

- Almeida et al(2007)

1892 to 2000 Baseline climate data

Non-spatial

Biodiversity Modelling

Australian Soil Resource Information System (ASRI&)I 5 (1:10 000) level4 (1:250 000) &
level 3 (11 000 000)

1 clay content
1 soil pH
SRTM Digital Elevation Model (@, 0 Q & S-{Tortbeted By Brett Bryan
1 used to model solar radiation in ArcGIS 9.3
1 used as an input to ESOCLIM
ESOCLIM module of ANUCLIM&Qutput grids(500 m) of longterm mean annual
1 maximum temperature
1 minimum temperature
1 rainfall
Biological survey database

CSIRO Land and Water

PIRSA

ANU

DENR

2007

1892 to 2000 Baseline climate data

Wheat Economics Modelling

Information on coss from gereralised PIRSA and ABS data

Biomass and Carbon §eestration Economics Modelling
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SocialModelling
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Table3: Key modellingdatasetsfor the Lower Murray and South Australia Murraarling Basin bynodule

Module Custodian Year Comments

Datasets

Climate Change Modelling

IPCC Global Predictions IPCG2007) Climate change projections

The Suppiah refinement of global scale projections for southern Australia

Suppiah et al(2007)

Climate change projections

3PG ¢ Biomass and Carbon Sequestration Modelling

Australian Soil Resource Information System (ASR&SEI 5 (1:100 000)evel4 (1:250 000) &
level 3 (1:1000 000)

1 clay content
1 bulk density
9 available sil water
SRTM Digital Elevation Model (DEMo Q & S-@orpeted By BretBryan
1 used to model solar radiation in ArcGIS 9.3
I used as an input to ESOCLIM
ESOCLIM module of ANUCLIM&Qutput grids(100 m) of longterm meanmonthly
1 maximum temperature
1 minimum temperature
1 rainfall
Species Parameters
1 E. cladocalyx
1 E. kochi{oil malle)
1 Environmental plantations

CSIRO Land and Water

PIRSA

ANU

3PG - Almeida et al(2007)
- Paul et al(2007)

- Bryan et al2010a)

- Almeida et al(2007)

2007

1892 to 2000 Baseline climate data

Non-spatial

Biodiversity Modelling

Australian Soil Resource Information System (ASRI®)I 5 (1:100 00Q)evel4 (1:250 000) &
level 3 (11 000 000)

1 clay content

CSIRO Land and Water

2007
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1 soil pH
SRTM Digital Elevation Mod@BV) ¢ 0 Q & S-{Tortbeted By Brett Bryan
1 used to model solar radiation in ArcGIS 9.3
1 used as an input to ESOCLIM
ESOCLIM module of ANUCLIM&Qutput grids(500 m) of longterm mean annual
1 maximum temperature
1  minimum temperature
1 rainfal
Biological survey database

PIRSA

ANU

DENR

1892 to 2000 Baseline climate data

Biomass and Carbon Sequestration Economics Modelling

?
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Chapter 3

MODELLINGLIMATE CHANGEENARIOS
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3.1 DefiningClimate Chang&cenarios

Thelntergovernmental Panain Climate Changeredicted that climate change will bring about an
increase in global temperature between 1.1 and ¥0by 210panincreased variability in rainfall
and an increase in atmosphe@Q (IPCC, 2007Basedon this, we defined four scenarios in this
study for the year 2070 a baseline climatéS0)and threepossibleclimate change scenari@$1,
S2 ands3)(Tabled).

The climate change scenarios (S1, S2, S3), representing exposure to increasingly severe climatic
warming and drying, were defined usinibe Suppiah et al(2007) refinement for southern
Australia ofIPCC global ska projections (Tablet). These are consistent with those used in
previous landscape futures analyses and with those being used by other State Government
Departments(Bryan et al.,, 2010a; Bryan et al., 2007; Bryan et al., 2011; Bryan et al., 2010b;
Summers et aR012). Thisensures a consistency of message in relation to climate change effects

basedon current knowledge.

Table4: Climate scenarios

Scenario Description Temperature Rainfall CQ (Parts per Million
SO Baseline Historicalmean Historicalmean 390
S1 Mild warming anddrying 1°C warmer 5% dryer 480
S2 Moderatewarming anddrying 2°C warmer 15% dryer 550
S3 Severewvarming anddrying 4°C warmer 25% dryer 750

3.2 Data Used to Define thé&aselineClimateScenaio

The baseline scenario $0based oristorical diily climaterecords (Tablet). A number of clnate
databases were used hiye different modules in this project for modelling, depending on the
climae inputs required by eachléible 2and 3and Figure h The APSIMnodel (Keating et al.,
2003)requires daily climate data; the 3PG modehndsberg and Waring, 1998quires monthly

data, while our biodiversity modellinggummers et aR012) uses annuaineans.
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Climate Scenarios BOM Daily
(See Tables 3and 4,  Station Records
__-\ _

:

SOClimate Data
19002010DailyRecords
*
= Rainfall
Max Temp
Min Temp

APSIM
Wheat yield
Model 111years using
the 111 years of
SO daily climate data

3PG

Climate Change Carbon Sequ

Scenarios

SseeTabIe 3)

2006 to 2
using the SO

Solar Radiation

Model 64 years,

data for each year

SOClimate Data
LongTermMonthly Mean Grils

e

estration

070,
monthly

ESOCLIM
Modelling of
1892-2000

3PG
Biomass
Model 6 years,
using the SO monthly
data for each year

SOClimate Data
LongTermAnnualMean Grid

—

Rainfall

Max Temp
Min Temp
(Solar Radiation
via ArcGIS)

Biodiversity

Model 1 year,
2070,

using the SO yearly

climate data

SRTM DEM
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S1 (S2, S3) Climate Data

Update each SO record
bytotal S1 (S2, S3) chargye

S1 (S2, S3) Climate Data

Carbon sequestration model:
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APSIM rodels agricultural productivityor individual sites in the landscapand requires ddy
weather dataincluding solar radiation, rainfalhind maximum and miniram temperatures. (See
Section 4.1 for APSIM modellin@his climate data came frotihe SILO Patched Point Dataset
(PPD) an enhanced climate data bank hosted by @eeensland Climate Change Centre of
ExcellencdQCCCHQCCCE, 2012)he Patched Point Datasgirovides contimous daily climate
data from theoriginal Bureau of Meteorologh5 O2 NR&a F2NJ SIF OK 2F GKS
interpolated data to fill§g LJ- G O K ¢ ((missiyigeday3yl-tHeladbservation recors Toreflect the
natural variation in the annual yield over time, including times of drowgid flood, as well as

average years, the baseline scenario SO used 111 years dfl@atato 2010).

Both the 3PG(tree growth) and biodiversity models argpatial models requiringridded (rasten
climate data (See Sections 4.2 and 4.3 for 3PG and wéosity modelling. To define the baseline
scenarioSOfor these models we useBSOCLIM component of theANUCLIM software package of
programs(Houlder et al., 1999ESOCLIMses thin plate smoothing splines and a digital elevation
model of the area of interest to interpolate wmlate surfaces from point data recorded at
meteorological stationsWe used climate data from 10gears (1892 to 2000and the three
second Shuttle Radar Topography Mission (SRTM) digital elevation model g®idytfor the
ESQ@LIM interpation. Output grids characterising thepatial distribution of the londerm (1892
to 2000) monthly means of various climate variables includimgimum temperature, minimum
temperature, rainfalland solar radiatiorwere used bythe 3PG mode(i.e. 12 grids per climate
attribute). On the other hand, iodiversity modelling usedutput grids of the longterm annual
means of maximum etmperature, minimum temperature andainfall (1 grid per climate
attribute), but solar radiation wasmodelled basd onthe STRM DEMising the Area Solar
Radiationtool within the ArcGIS 9.®olbox (ESRI, 2009)

3.3Modelling the Climate Chang&cenaric

For each of the datasets defining the baseline scen&oi the various modules,ada for the
climate change scenarios [mild (S1), moderate (S2)sawmdre (S3) warming/drying] weoeeated
by modifying the baseline temperatureainfall and CQ records by the relevant amounts.

Sola radiation was kept conant for the change scenarios.
Modelling methodology wadifferent for the various module

Forthe baseline scenario SO, APSIM modelidgat productivityon a daily time scaltor each of
111years(19002010)of historical dailySILO PPElimaterecords(QCCCE, 2014peeSection 4.1

for APSIM modelliny.For modelling the climate change scenario$, $2 and S3daily climate

29

. dzl



records for each ere created by adjusting the 13/ears ofdaily baseline recads by the relevant
temperature, precipitation andCQ changeqi.e.for S1,add 1°C to evendailyrecord forthe 111

years decrease the rainfall records by 5% and setG@@level to 480 parts per millign

3PG nodels tree growthon a monthly time scale(See Section 4.2 for 3PG modelljngwo
different models were run. The firstsed long term average monthtlimate datafrom 2006to
2070 for modding northarvested carbon (carbon sequestration) and environmentahfaitions
3PG modelling for the baseline climate scenario (88sumes the SO monthly data will remain
constant from 2006 to 2070 (i.e. the modslrun for 64 years using the sardomgterm monthly
climate averagesoutput from ESOCLIMHoulder et al., 1999)for eachyean. For the three
climatechange scenariosjimatevalues were calculated by altering the baseli8@)temperature
and rainfallgrid values inannualincrements from 200@o reach either the S1, S2 or S3 values by
2070, thus modelling thepossibleprogression of climate change over the next 64 yeadise
second3PGmodel used a single yeaf long term monthly average dafaither the SO, S1, S2, or

S3 mathly values) for modelling biomass (oil mallee) under a 6 year rotation.

The impact of climate change on species and biodiversity was modelled using species distribution
models(see Sectior#.3 for biodiversity modelling This is done by predicting spes distributions

based orthe relationship between independent variabl@scluding climatersariableg and known
species occuence The laseline scenari®0modelling used thdongterm annual mean grids

output from ESOCLIMBpecies @tributions can beredicted under climate change by substituting
current climate for future climate layerseflecting where plant species would struggle thrive

under changedclimate conditions Annual mean precipitatiorand annual mean temperature
under the three climag change scenarioS1, S2 and S8ere created by adjting the baseline

climate griccreated in ESOCLIDbY the relevant temperaturincrease and rainfatlecrease.
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4.1 APSIM; Wheat Produdivity Modelling

The ability to accurately simulate current yield potential of agricultural soils at a regional scale is
an important first step for determining the impacts of amggining anunderstandingof the
vulnerability of agricultural areas to cliteachange. Within Australian Mediterranean agricultural
areas where wheat is the major crop grown, climate (in particular rainfall) and its interaction with
soil properties are major growth limiting factors. Quantifying the yield potential of these soail
types for particular sub regions is the first step to understanding climate change vulnerability in
agricultural areas. The ability to both reflect on past yields and simulate future yields is an
advantage of crop modellirgnd provides a valuable and @per alternative to long term trials in
agricultural areasPrevious studies have used crop models to simulate our understanding of these
interactions at various scaled-or regional studies like this onasseng et al., 2001applied the
APSIM model to five soil types across 2 transects which incorporated 25 tecatiooss a low to

high rainfall gradient. Results from the cumulative probability distributions for the soil types were
then mapped using interpolation to identify the spatial distribution of drainage potential for
wheat crops. This methodology was atp further by Pracilio et al., 200®roducing a high
spatial resolution estimates of deep drainage for a small catchment based on probabilistic digital
soil mapping. SimilarlylLuo et al., 2005used 8 sites across South Australia using one
representative soil for each location to sitate the effects of a range of probabilistic climate
change scenarios. Wang used 16 climate stations and 14 soil profile types deemed representative
of the broad soil classes over Lower Murray study region. VBhien et al.,used crop modelling

to understand the spatial variation in production across the cropping regions of South Australian
Murray Darling Basin. Their method involved classifying the study area into representative climate
zones. Once these were established, data was gathered to igeénéfrepresentativesoil profiles

and farming systems for the region. The APSIM model was then used to model the growth of
agricultural plants and an assessment of the overall performance of current and alternative

farming systems was made.

In this studywe further this researchby using the APSIM crop model simulate wheat yield at
regional scale keeping a fine scale approach fylyéng spatially dense network of long term
climate stations and a range of potential soil types that are likely to bedf@aaross the Eyre

Peninsula.
APSIMparameter set-up

The Agricultural Production Systems Sitator (APSIM) is a point based farming systems model

capable of simulating plant growth, water use and water balance under representative climate
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and farm systemmanagement inputs. It was developed $amulate the dynamic biophysical
process under changes in climate, cropping stems and fertiliser management. The
parameterisation of the model and its outputs has been validated in Australian conditions to
estimate biophysical and ecological outcomes within a farming system under a variable climate
(Keating et al., 2003 It has been used and validated extensively in Austffizbertet al., 1995;
Asseng et al.,, 1998band has corroborated its simulation reliability under variable growing
conditions Asseng et al., 1998a; Asseng et al., 20bcus of previous modelling has related to
identifying the affect ofclimate variability on yield grformance and profitsthe assessment of
different cropmanagement strategiesuch asoptimal nitrogen applicationsWfang et al., 2009

and environmental impaaf cropping in agricultural areasseveral studieBave been undertaken

in southern Australia and the Eyre Peninsula.

The Agiicultural Production Systems Sikator (APSIM model can simulate numerous plant
growth scenarios but for this study wheélriticum aestivurrL.) performance was the primary
focus. The model simulate wheat growth by utilisingodules that incorporates aspects of soil,
water, nitrogen, crop residues, crop growth and development and their interactions within a
crop/soil system that is driven by daily weather data (Keating et al., 2008kalculates the
potential yield, which is the maximum yield reached by a crop in a given envirdrting is not
limited by pestsdisease, weeds, lodging but is limited by temperature, solar radiation, water and

nitrogen supplyAsseng et al., 2004

Multiple simulations can be run to understand the crop growth of plants based on their response
to climate, soils and their interactions and tk&aluation of management interventiopased on

tillage, irrigation fertilisation and rotation selection.
APSIM requires the following input data:

i Daily weather data including global radiation, rainfall, maximum and minium
temperatures;

1 Soil surface characteristics including soil albedo, water entry and retention tapaci
evaporative potential and surface residue cover;

1 Hydraulic properties of soil profile including water contents at saturation drained upper
limit and 15 bar suction and drainage coefficient for each soil layer;

1 Crop variety information (maturity type)na maximum rooting depth in the simulated soil
profile;

1 Cropping systems type including crop type, rotation type and management details such as

tillage, irrigation and fertilisation
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The APSIM 7.3 crop model was parameterised for this stithyman, 2010wggest that in any
simulation exercise it is a matter of judgement in the setting of fixed or variable parameters and
when or if to reset soil water and N conditions. Simulated grain yields are sensitive to sowing

time, starting soil conditions (pscially water stored in the soil) and seasonal conditions.

APSIM calculates outputs for individual sites in wedscape. Certain steps were followedi
order to capture the spatial variation in agricultural productixross the Eyre Peninsula through
crop simulation modelling. The involved the population of model inputs based on their
geographic representation with the dominating factors being climate, soil and fertiliser, all of

which vary spatially.

A simplified dryland whedhllow farming system waadopted to represent a wheat crop that
was sown every year (continuous wheat monoculture) followed by summer fallow period up until
GKS ySEG &a26Ay3o ¢CKS WWIyT Q 6KSIG GFENARSGes
yearly during the timing widow between 1 May and ' July of each year. Sowing occurred when
cumulative rainfall over three consecutive days was greater than 10mm or when the end of the
sowing window was r@ched. Sowing density was setlt®0 plants/nf, sown to adepth of 40mm

and & arow spacing of 220 mm. Surface residue was assumed to be wheat stubble and initialised
to 1t/ha. Soil organic carbon level was reset to the starting value for the soil. The ratio of carbon
to nitrogen was set to 80Nheat grain was harvesteat maturity. The soil moisturesoil ritrogen

and surface organic matter were reset at danuary eaclyear to remove the impact of the
previous crop and season on the following crdpesetting soil N and organic matter also avoided
problems such as fality rundown in a continuous wheat monoculture which would make
interpretation difficult CRIMP Garnauj. Soil moisture was set to 30% of maximum available
water for each soil characterisation which was evenly distributed down the profile. Thisddllow
the method used by.uo et al., 200&ndHayman et al., 201@ho set moderate soil water values

to ensure reasonable emergence ratd§-36%)to eliminate modelled crop failureim order to

trace and detect the patterns of climate change impact. One difference between our atady
those previousvas that we sebur soil waterparameterto reset at ' January rather than at the

30" March This choice was made to include thétience of theprojected reduction in summer

rainfall caused by climate changa the summer rainfall analogue

Rainfall variation across the Eyre Peninsula has an effect on the amount of Nitrogen mineralised in
the soil and the amount applied for crop managementr the model this was varied across three
generalised rainfall regions (low, medium and high) informed by the results from regionalisation of

the Eyre Peninsula by rainfall.
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The model incorporates two sources of fertilisation which represent a fixed amwmiunttrate
mineralisation and ammonium at the start of a simulation and an applied amount at sowing and in
a2YS OANDdzyadlyoSa I Gi2L) RNBaaé I Y2 dzy i I G
parameterisationmineral nitrogenand ammonium concentratiorNG;-N) values in thed-100cm

soil profile were set to rainfall zone specific variablesaried linearly across particle size
differences and @tributed uniformly across the rooting degh The magnitude of values were
derived from pblished Adcock, 200p and unpublished measurements goil nitrate and
ammonium levelsfor specific soil texturesrom Eyre Peninsula sails We stratified these
measurements based on soil texture ranging from sandy loam to clay loam and rainfall zone.
Linear extrapolation bounded by expert opinion was then undertaken touladg these initial
nitrogen and ammonium settings across rainfall, rooting depth and texttagables See

Appendix Sor the values used.

Common agricultural practice is to place nitrogen fertilissr a blanket rate when sowing is
undertaken. Furthertop-up rates are also applied in medium and high rainfall regions at a
particular crop growth stage. Appendix lighlights the top up rates that were applied in the
model between Zaddocks stages 30 and 32.

Soil type parameterisations of the APSIM modare defined by geographic location. The
typological definition of sits through particle size (texture) differencalowedus to distinguish
variatiors of soil evaporatiorparameters in the model. These variables U wiscthe amount of
cumulative evaoration in mm, since soil wettingefore soil supply becomes limitimgd CONA

which isthe coefficient used to calculate subsequent soil evaporation in stage 2 that is a fraction

of the square root of time since the end of first stage evaporatian bechanged for each soil
characterisation. We linearly adjusted the soil evaporation values based on minimum and
maximum values of U and CONA from the APSOIL database for the Eyre Peninsula and the degree

of variation across the textural differensén thesoil types (Appendix)5

4.1.1 Climate Sulregion Classification

One of the first step& conducting regional climate change impact assessmentstnaderstand
the variety of localised climatic profilewhich currently exist However, quality datasetsn
climate variation across regional Australia over time are limité#de therefore concentrated on
differentiating subregions basedon the rainfall which is both the most dominant factor in
agricultural productivity and mostly widely measurelémate vaiable across the Eyre Peninsula.
For agricultural areas this is significant in two wakgst, any change in the seasonal distribution

of rainfall has a potentially large effect on madependant cropping practicesSecond, any
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potential adaptation tochanged climate conditions through changed land uses will need to be

cognizant of potential changes in seaabrainfall and temperatures.

The Bureau of Meteorology produces interpolated surfaces of estimated values of daily rainfall
across the Australiacontinent. These interpolated surfaces have an archive back to the year
1900. For the analysis, daily rainfall surfaces from 18XID were selected to maximise the
number of rainfall stations used in the interpolation process. The surfaces weregatgpteto
monthly totals and clipped to thEP NRM study regiosith a 50 kilometre inland buffer Quster
analysishighlighted thestatistical,spatial andtemporal distributions ofmonthly rainfall variation
across the Eyre Peninsulappendix . The ronthly datasets were then resorted into growing
season rainfall analoguespril to Octoberfor the time period 1922009 and cluster analyse was
re-run to identify the long term growing season rainfall zones. Whilgta of 15 rainfall cluster
zoneswere identified, only nineof these fell mainly in the EP NRM region, with the other six

mainly in the 50km bufferHigure §.

-“'. Eis
Zones clustered by April to ‘:1‘.i
October rainfall 1920 - 2009 "

*  Town
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Figure 6 Rainfall cluster anesin Eyre Peninsula NRM region plus a 50 km inland buffer

Cluster zones for the aggregated dataseApril to October rainfall over the 1920 to 2009 time period

4.1.2 Soil characterisation of the Eyre Peninsula

The most important soil factor that controls yield in much of the Australian gmaduction
regions is the quantity of plant available wat®ab et al., 2009 Variations in the soil moisture or
water retention can be explained in general terms by texture, soil structure, clay mineralogy and
texture Williams et al., 1983 Plant available water is also a major input into simulating wheat

crop yield potential within the APSIM crop modelling process. The model requires the
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guartification of the plant available water holding capacity to identify how much water is stored
within the soil profile over variations in rooting deptiBurk et al., 200%rovides a method to
characterise soivater interactions based on field capacity (drained upper limit) and permanent
wilting point (lower limit) to characterise the. Differenclestween the drained upper limit and

the lower limit for wheat represent PAWC for the specific rooting depth. Plant available water
holding capacity is the total of all differences across all rooting depths. Recent research on
Australia Rab et al., 200)Lhas shown an increasing relationship between field capacity and
permanent wilting point with soil texture. Calculation of the PAWC values also showed an
increasing relationship with soil texture up until the clagm soil type category where PAWC
values remained relatively constaumtfter this category Figure 7shows the lower limit and
drained upper limit measurements for wheat across three soil types surveyed on the Eyre
Peninsula. All soils were charactedsat a rooting depth of 1200mm and recorded a PAWC of
greater than 100mm (sand=113mm, saddgm=132mm and clay loam=271mm). While the
lower limits for the three soils shown fairly similar levels, the greatest differences are in the
magnitudes of drainedipper limits across the soil texturesigure 7shows that PAWC increases

with the increase in particle size classifications from sand to shaay to clayloam soil types.

The majority of APSIM based studies reflect Plant Available Water CapacitfC)R&Whe total
mm held within a rooting depth usually over 1@éh (Wang et al.,, 200®tc..). Asseng et al.,
2001aderived PAWC learacteristics down to 250cm but limited the potential rooting zone in their
analysis to 150cm for deep sands, 230cm for loamy sand, 150cm aci¢g kemd, 70cm for
shallow duplex and 130cm for clay soil types. Holding rooting depth constant means that PAWC
differ in soiltexture only. In reality, spatial variatiein the magnitude of rooting deptand soil
textures mean different definitions foiimilar PAWC values-or example, a PAWC measurement
of 100mm coulcbe a variety of rooing depths and texture combinations such as a deep saaill
type with a rooting depth o100cm or a clagoil type with a rooting depth d0cm. Both of which
may poentially simulate different wheat yield values within the crop modelling softwakéile
previous studiefiaveassumedooting depth tobe greater than 1min realitythe root zone depth

is dependent on seasonal factors and soil constraints. In thenéotdallee,Armstrong et al.,
2009found that maximum rooting depth was 0.75m aR@b et al., 2008ound that 95% of the

root mass was found in the top 60cm of the soil profile.

In order to characterise the whegield potential of the Eyre Peninsula we break the variation in
PAWC magnitudethat is apparent across the Eyre Peninsut® a number of different rooting

depth and texture categories.
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Figure 7 Lower and drained upper limit for three soil charrisations for a sand, sandipam and clay

loam

Identifying textureand rooting depthclassifications

The APSOIL database has 69 soil characterisations for the Eyre Ped@ssuiing information
on texture specific variables such as the texture diassion and measured values for lower limit

and drained upper limiaind crop rooting depth

To characterise thee soil parameters int@ range otexture categories we examined thexture
description and difference in the drained upper limit and lowweit in the top 10cmand PAW®f
eachsoil characterisation Studies form the literaturéGijsman et al., 2003; Rab et al., 2Dahd
Figure 7suggest that PAWC in the top 10cm can reflect different water holcipgcities due to

soil texture differences caused by the amount of clay content present. Texture categories were
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quantified by the distribution ofield capacityvalues inRab et al., 201%nd the particle size
distribution for soil texture grades iiaylor et al., 200énd sorted into the texture categories.
Generalised categories of rooting depth and PAWC were also created to reflect the variations in
these variables. These were20cm, 2040cm, 4060cm and 6@L00cm for rooting depth and
following Hall et al.,, 2009 0-20mm, 2040mm, 4070mm, 70100mm, 100+mm for PAWC
magnitude categories. The 69 soil characterisations were sorted into thegspamnding, rooting
depth, PAWC and texture categories producing a matrigodéntial soil typesvhich potentially
reflected therange of rooting depths, plant available water capacities and textures categories
the Eyre Peninsula Where soil charactersations for particular rooting depthand PAWC
categories did not exist we manipulated thexisting rooting depth to create synthetic
representations. A total of 96measured and synthetic soil characterisation populatedriing
depth, PAWC and textumatrix (Table § however not all combinations were filled. For particular
rooting depth, PAWC and texture categories a nhumbemaftiple occurrencesvere available to
provide a range of simulated yield comparisofiis dataset provided a degreérooting depth,
PAWC and texture variation thabtentially highlightthe spatial variation of soils across the Eyre

Peninsula.
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Table 5: Observed and synthetic plant available water capacities for specific rooting depth, plant available water capaatitg>dure categories used in the APSIM crop

modelling. Bolded values within the categories are the chosen characterisations used in the final simulations of wheat yield

Root

Depth PAWC) Sand Loamy sand Sand/ loam Loam Sandy tay loam Jay loam
(cm) (mm) (0-6mm) (6-9mm) (9-15mm) (15-18mm) (18-24mm) (24-35mm)

0-20 0-20 10 * * * * *
0-20 2040 33.3 21,27 2122,22.5,33.3 29.535.4 32.7* *
0-20 40-70 * * * * 61 *
0-20 70-100 * * * * * 75
0-20 100+ * * * * * *
0-40 0-20 14 * * * * *
0-40 2040 20.9 26.6 30,37,3838.1 * * *
0-40 40-70 46.851.4 * 46.2,49.4,54,60.7,62.69.6, * 45.3,59.5,63%7.4,68.3 *
0-40 70-100 78.5 * 74.7 70.4,75 71,75.588 *
0-40 100+ * * * * * 109111
0-60 0-20 * * * * * *
0-60 2040 29,36 * 33 * * *
0-60 40-70 57.1,63.6 51.9,64.3 4851.964.3 69.6 53.963.6, *
0-60 70-100 76.8 79.282.2 84,86.9,90.3,94.2 * 87.8 83.5
0-60 100+ * * 104.5 * 112.5 165
0-100 0-20 * * * * * *
0-100 2040 3740 * * * * *
0-100 40-70 70 43.958.6,60 5558,58.6 * 59.5 *
0-100 70-100 84.5 7486.8 86,99.1 78.6 78.6 *
0-100 100+ 103.6113.6 114.8164.1 107.8,125.8,129.832.4 139 166271

4C



Selection of soil characterisations that represent the range of rooting depths, PAWC and texture

categories across the Eyre Penirsul

A fourstep process was used ientify the appropriate soil characterisation to represent average

wheat yield for each rooting depth, PAWC and texture category.

Exploratory Analysis

The first step involved using the APSIM crop model to simulate the average wheat yields over 110
years for each of the 96 soil characterisations across the 76 climate stations within the low,
medium and high rainfall zone@\ppendix 3. To determine the general trends in the soll
characterisation dataset we created box plots graphs to visualisevdhation in the simulated
yields fromsoil characterisation with three or more measured soil water profileke majorityof

which are described as a santtyam soilacross different ranges of rooting depth and PAWC
categories Figure 8showsthe generalincrease irsimulated yield valuewith anincrease in root

zone depth and PAWC. Across all root zone depths, the greatest variation in simulated yield was
in the 020cmand 20-40 mm PAWC category. The use of the synthetic representations of the
sandy l@am at this root zone show higher simulated yields than would be expected for-20erf

root zone depth. Within the 40cm rootng depth a range of simulated yields fahree PAWC
categories across the three rainfall zoreae shown across two differenb# texture categories

Tight yield distributions are evident for the 20mm PAWC categowhile the simulated yields

for the 40-70mm PAWC categorgre more variable. The vyield distribution for the six
characterisations showa large outlying maximum simntated yield across all rainfall zonesich
wasdouble that of the minimum yieldalue Simulations for the 480mm PAWC sandy clay loam
soil characterisation show #ght distribution of yield values for the low rainfall zone with
variation increasing dr the medium and high rainfall zones. For the high rainfall zone,
visualisation of thébox plotconstructed from five soil characterisatioslows themedian of the
simulated yield valueis closer to thenaximumyield value. Comparison across texturaniations

for the 4070mm PAWC show that simulated yields declined with change in soil texture from

the sandyloam to the sandyclayloam category across all rainfall zone€Changing PAWC
categories across this rdoyg depth shows that simulated yiekl increase for the first two
categories and then flatten out at the ZAWOmMm PAWC category. This is highlighted in the low
and medium rainfall zone where median yield magnitudes and distributions are fairly constant. In
contrast, the estimates for the g rainfall zones show a slight increase in mediamulatedyield.

For the 860cm rootng depth40-70mm PAWG@nd sandy loantexture categories thevariation in

simulated yield values tend to the minimum yield vahighlighted by the median valugith
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tighter distributions in the low rainfall zone. Large maximum values of yield are simulated for all

rainfall zones.

20-40mm PAWC - 20-40mm PAWC- 40-70mm PAWC - 40-70mm PAWC 70-100mm PAWC - | 40-70mm PAWC 70-100mm PAWC | 40-70mm PAWC = 40-70mm PAWC- 100+ PAWC-

4,500 4 sandyloam sandy loam sandyloam - sandy clay loam sandy clay loam - sandy loam -sandy loam - loamy sand sandy loam sandyloam

4,000

3,500 4 %‘
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Rainfall zones (L=low, M=Medium and H=High)

0-20cm root depth 0-40cm root depth 0-60cm root depth 0-100cm root depth

Figure 8: Magnitudes of average simulated wheat yield (kg/ha) for variations in rooting depth, plant

available water content and textureategories for low (L), medium (M) and high (H) rainfall zones

The 76100mmPAWC andohmysandsoil category which hafbur soil characterisationhad the
tightest yield distributions across all categoriesComparison between thd0-70mm PAWGNd

the 70-100mm PAWCcategory showed a marked increase in yield with a greater increase
apparentin the high rainfalzone Comparison across the 100cm rooting degh70mm PAWC
show rising simulated yield values across both losanyd and sandjpam texture clasifications.
Similar yield variation between texture categories is apparent in the low rainfall zones highlighted
by similar box plots. Differences in yield magnitudes are motieeablefor the yields simulated

in the medium and high rainfall zonegth the sandyloam soil characterisation generating high
average yield valuesThesimulated yields for thd00+ PAWC sandgam categoryshow a tight
distribution ofyield values with median value closer to the minimum in the low rainfall region and
close to the maximum value in the high rainfall regiofigure 8shows alarge simulated yield
value for thehigh rainfallzonecompared to the other two zonesComparison across the PAWC
categories shows large differences in simulated yields across dtlraegions. Interestingly,
comparisons for yield simulated from different rooting depths for the7@nm PAWC sandgam
category showed small yield differences across all rainfall zones. This highlights theftsade
between the ability to grow rootto depth and the ability to access a greater amount of sbdr
example, given that we have a fixed soil moisture value of around 60 mm within the PAWC
category, categorising the soil as a saulym texture means that 205mm are distributed in the

top 10cm. This means in a modelling context that a higher content of water is available in the O

40cm rooting depth category than in theBDcm and €1L00cm. This interaction may mean that

42



simulated yields will be larger in smaller rooting depths with |&@&VC valueand therefore the

applied physical restriction will influence simulated yield potential

From our limited results anthe review of theliterature we proposea number ofgeneral rules
with certain caveats to chooserepresentativesample ofsoil characterisations to derive potential

yield distributions
(1) Within a root zone depth, increases in PAWCsiflulateincreases invheatyield.

This positive relationship between PAWC and simulated grain yield has been highlighted by
Gijsman et al., 2003; Wong et al., 208&ng et al., 2000 oweverRab et al., 2008as also found
results to contrary.Results from our limited datas showedpositive relationdbetween simulate

yield and PAWC with rooting depth categories held constatie simulation over the synthetic

soil characterisationshowed that decreases in yield were possible but only in a small number of
cases. @e caveato this is the case wherew root zone depthsre simulated. Heresteps from

mid-to large PAWC categories may produce similar yield magnitudes especially in low and medium

rainfall zones.
Given a defined PAWC category, increasing soil texture maweveral general rules.

(2) The movement from coarser santBxtured soil types tahe sandyloam soil type will
show an increassimulated wheatieldsin high rootng deptts and medium and high
rainfall zones. For lower roioig depths and low rainfall zws,simulated wheatields
will increase or stay constant for textural increasep to the sandyloam soil
classification The movement from sandipam to finer textured soilclassifications

may show a reduction in yield in low rainfall areas with loatzones.

Gijsman et al., 2008howed increases in simulated soya bean yield were related positively to the
movement from coarser to finer textures in 5,000 synthetically created soils, after a specific
texture dass (silty loam) the yield tresddeclined Rab et al., 2008howed textural difference in

the comparison of low to high yielding production areas. Within a study area that had a mean
rainfall of 239mm, the low iglding area had significantly higher mean clay content in the top
20cm than the higher yield areaWang et al., 200&lso found that in drier regionsoils with
greater PAWC are not fully utilised due to incon@leretting of the soil profilecausedby limited
rainfall. Their study also showedat higher PAW®@alueshad little impact on yield magnitude

but increased vyield variability at dry sites. In low rainfall regions, incedaseamulatedwheat

yield with increasing PAW®alueswere much smaller due to rainfall limitatien In medium
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rainfall zonesthe trend in simulated wheat yieldvas positivewith increased PAWaluesbut

diminishedwith subsequent increments in PAV¢&used by the graduation ter textured soils.

(3) Finer textured soils in high rooting depthand higher rainfall zones may show

increases isimulated wheatyield from the sandyloam texture category

Wang et al., 200%ighlighted that highePAWC (shown in their selection of higher textured soil
types) led to higher and less variable yields in wetter sites stating that higher PAWC had a greater
reserve to meet crop water demand during dry periodsudwig et al., 200@lso found similar
results with higher yields in a clay soil type compareadarser texured acid sandyjoams and
duplex soils in a high rainfall zondrab et al., 2008howed that overa range ofseasonsthe
O2yaARSNI GA2Yy 27F GKS aiahed dppet an@lbwed limidsipfodiesi & A Y
logical explanation for zones that may ffipp between being high and low yielding areas,

depending on the rainfall distribution.

Simulated jeld values for eackoil characterisationvere placed intaheir correspondingooting

depth, PAWC andod texture categoriedo determinethe categoricaltrends and variationsin
simulated yield by climate station and rainfall regionValues ofaverageyield for each soil
characterisatiorwere then averaged by the rainfall zone classification in ordemtdberstand how

yield and sil characterisationdifferences varied over different rainfall gradientslo provide
consistency within the PAWC categories we attempted to s@ensistent magnitudes of PAWC
over and acrosghe texture variations for each raalepth and PAWC category. This consistency
was reliant on the range of soil characterisations measured across the EP and consequently
certain textures within aooting depth, PAWC and texture categories had some PAWC differences.
After this categoriation process, we looked at thdistribution of yield variation acros®moting

depth, PAWC and texture categories to define a subset of soil characterisation that agreed to the
identified selection rulesTable 5shows the 41 soil characterisation (in boléipsen from the 96
potential soil characterisations created for the Eyre Peninstaure 9shows the variation of
simulated vyields over the defined rooting depth, PAWC and texture categoriesck of
characterisations across atlategory distributions neant that not all categories could be

simulated.
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Figure 9 Simulated wheat grain yield (kg/ha) for the variation in root zone depth (cm), PAWC (mm) and
soil texture categories (S =sand, LS=loamy sand, SL=daady, SCL=sanedylay-loam, L=loam, CL=clay

loam) across the low, medium and high rainfall zones

Figure 9shows that for the dwest rooing, yields increased with the increase in PAWC.
Graduations irtexture in the 2640mm PAWC category saw an increase in yield while in higher
PAWC categories arfiher textured soils simulated@heat yield declined. This pattern occurred
over all rainfall zones. Within the 40cm root zone, magnitude of simulated yield rose with PAWC
and texture up until the 7400 mm PAWC categorySimulated ields for this categy were
similar for the 4670mm PAWGCcategory with only the sandgiayloam yielding higher in the high
rainfall category.Simulated ields for the 100+ mm PAWA&ZEre similar tothose yields simulated

in the finer texture soilcharacterisationsn the prevous PAWCcategory. For the 60cm rooting
depths, simulated wheatyields decreasedn the graduationfrom sand to sandyoam soil
classificationsn the 2640 mm PAWC in the low rainfall zones whikgldsincreased slightly in the
medium andmore substantally in the high rainfall zones. Movement to the next PA@&zgory
sawsimulated yieldgradual ircreaseboth in the low and medium rainfall zones while yields rose
higher for the high rainfall zone across texture classification gradients. Compaaizass PAWC
contents showed that for the sand texture classification higher yields were simulated f@0the
40mmPAWC category when compared to theZmm PAWC categorngt the 76100 mm PAWC

category, soil textureshowedminimal yield variatiorfrom the yields simulated from theand to
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sandyclayloam texture classes in the low and medium rainfall zones. For the high rainfall zone,
the sand and loamgand classificationshad similar simulated yields. The movement freime
loamysandto sandyclayloam saw a rise irsimulatedyields which was in contrast to the yield
change for the other two rainfall zoneSimulated ields decreased across all rainfall zones when

moving to the finest textured soil in this PAWC category.

For the 100+ PAWC categargmulated yield trends weresimilar across the low and medium
rainfall zones with the sandyloam vyielding similar to the cldgam. This changed in the high
rainfall region where the clapam had a similar yield to that simulated for the sasudiyy-loam

soil characterisation. The magnitude of simulated yield rose with changes in rainfall gradients
across the sand to sandgam soil characterisations. Both the low and medium rainfall zone
recorded lowersimulatedyield estimates for the loamy sand wheeethis ¢assificationrecorded

an increasen the high rainfall zone. For the low rainfall zone, the -¢t&ym showed an increasing
trend from the loamysand but was still lower than the simulate yield for the sataym soll
classification  Simulated lds for the finer textured soils after the santham soil
characterisation showed decreasing yield trend. For this rooting depth and PAWC category,
simulated yield in the high rainfall zones showegdasitive relationship betweesimulatedyield

and iner textured soils.

In order to reflect the variability of yield across a region we have typitiedugh the use of
selection rules 41 soil characterisations which are hoped to match the potential spatial variation of
physical soil parameters acrosg&PeninsulaWe expect that simulating yield for each of the 41
soil types would create different yield distributions due to these soil characterisation differences.
If the yields simulated by crop modelling do not simulate different yield distributioas a range

of specific field measurements may not be need&hecificallywe test whether changing PAWC
valuesin defined rooting depth and texture characterisations produce statistically significant
differences in simulated mean yieldsSecondlywe test whether changing rooting depth in
defined PAWC and texturdassificationgroduce statistically significant differences in simulated
mean yields Thirdlywe test whether changing rooting depth and PAVALLesin defined texture
classificationgproduce statistically significant differences in simulated mean yiel@mally, we

test whether within defined rodhg depth and PAWC categqrgioes the texture classification
produce statistically significant differences in simulated mean yieldppendix5 shows the

method and results used to test these hypotheses.
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4.1.3Modelling climate change with the APSIM model

Several studies have used the APSIM modeindertake climate change impact assessments on
crop yields. Analysis of historical rainfalrass the Eyre Peninsula has shown three discrete
rainfall regions. The effect on wheat yield of the projected changes in climates will have different
impacts across these distinct regions. Impacts will occur across two interacting levels. The first
leve is climate interaction, the reduction in rainfall and increases in temperature and carbon
dioxide on the current climate used to simulate wheat yield. The second is the interaction of the

first effect with the different soil types which lie within thegion.

Several studies have reviewed this interaction at the first levi¥ang 1992 assesd the
interactive impacts of G, concentration and temperature on wheat yields. Theggested that
the doubling of C&xo 700ppm would increase yield by -28%but increases in temperature of 3C

would decrease yields by Z8%. Luoin southern Australia highlighted

Ludwig et al., 200frovide a description of how the APSIM model deals with increases,infG®
model handles elevated G@ffects using two function; (1) through increased radiation use
efficiency and (2) throgh increased transpiration efficiency. These changes have been tastied
widely used in the literatureTubiello et al., 200)7and are described Hgeyenga et al., 19990,

2003- checkand Asseng et al., 2004Asseng et al., 200écused on the models ability to simulate
yield under elevated CQevels, temperature increases and water shgea. Comparison and
sensitivity analysis of model simulations with data from free aiy é&b@ichment and water deficit

and temperature experiments showed that the model was found suitable to use for studies trying
to identify directional impacts of futurelimate change on wheat productioAgseng et al., 2004
Conclusions from this seminal study showekivated C® will simulate growth in certain
situations of water deficit (Kimball, 1995), higher temperaturediwisually shorten the growth
cycle of a given cultivar and together with reduced water supply reduce crop yield. These effects
of climate change on growth processes in the context of natural climatic and soil variability and a
large range of crop managemt options make it extremely difficult to foresee and quantify any

consequences of future climate change on crop productisséng et al., 2004

How climate data was used in the climate change scenarios

Table4 inSection 3.1shows the pedicted climate changes for the southern part of Australia
(CSIRENRBom references) To model these affects of climate change on regions within the
Eyre Peninsulave followed the method developed bRReyenga et al., 1999 For each rainfall
station within a specific region we took the 110 year historical climate analoguenaddied the

daily historic climate data by adding fixed temperature offsets and percentage reductions to the
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historic data. This meant that for each station the episodic event of rainfall remained the same
but the intensity was reduced Ludwig et al., 2006tates that using this method is useful because
it shows what the effect is of reduced rainfall using the same {aterual variation of the historic

climate.

To account dr the natural variationri climatic conditions over timelll years (199@010) of

daily weather data wer@xtracted from the SILO Patched Point Datasetthe current climate
scenard (S0) Table6?). This data was adjusted to the projected levels foe three climate
change scenarios (S1, S2 and S3) within the APSIM parametgr (e Section 3.1yWe also
modelled an additional 3 scenari¢S4, S5 an&6)to model variations in seasonal rainféillable

6). These seasonal projections for Eyre Pesita are based on data from thBureau of
Meterology and CSIR@Gummary publication by DENRQnce again, the SILO Patched Point
Dataset was adjusted by their seasonal values outside the APSIM program to mimic the projected

levels for S4, S5 and S6. Tiscess followed the methodology shownHRigure 10

Table 6 Additional seasonal projection scenarios for APSIM modelling

Summer Autumn Winter Spring
. Temperature . . . . CQ
Scenario (degree C) Rainfall Rainfall Rainfall Rainfall (PPM)
(%) (%) (%) (%)
S4 +0.80 -3.5 -3.5 -7.5 -7.5 480
S5 +1.75 -7.5 -7.5 -15.0 -15.0 550
S6 +2.25 -7.5 -7.5 -15.0 -30.0 550

We ran additional simulations to understand the effecGfincreases on wheat yield for each of
the scenarios.Table 7shows the ranges of carbon dide used in to illustrate the effect of carbon

dioxide within the scenario analyses.

Table 7 Range of carbon dioxide rates for each climate scenario

Scenario Carbon dioxide scenario
S1 390, 480
S2 390, 480, 550
S3 390, 480, 550, 750
S4 480
S5 390,480,550
S6 390,480,550
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Figure D: Crop modelling methodology to simulate wheat yield for the current climate and six climate

change scenarios (S36)

49



The APSIM saip was run for each of 76 stations across 44 soil types for yiars for all
scenarios (S§6) as well as the additional carbon dioxide scenarios. This produced a dataset that

allowed comparison to the current climate scenario.

4.1.4 Climate Change Impacts on Wheat Yields

Three climate change projections (S1,88 83) are based on mitigation story lines from the IPCC.
The S4,S5,S6 are based owlownscaling of the Bureau of Meteorology and CSIRO climate
predictions for the Eyre PeninsulB@M referencg These scenario can be interpreted as either
climate chang in the next 10, 25 or 70 years or if concerted mitigation efforts are undertaken

rephrase

Simulation of wheat yields for the climemichange scenarios. Appendixsbows the ranges in

impacts for the climate change scenarfpesented inTable 7
Mild climate change scenarios

Wheat crop modelling simulations for the S1 and S4 climate change scenario show a slight
variation both positively and negatively in simulated yields from the temperature and carbon
dioxide increases and a block shift in a B3uction in rainfall across the whole rainfall analogue

in the low and mdium rainfall zones (Appendi3.5The scenario S4 had a similar temperature and
carbon dioxide increase but had seasonal rainfall reductions with the main difference being a 7.5%

reduction in Spring. Thizhange in rainfall timing has more impact in the low rainfall zones,

In the high rainfall zonegrror! Reference sourcaot found. shows larger increases in simulated
yields (<200 kg/ha) whrecompared to the low and medium rainfall zone. These increases range

across all rooting depths and PAWC and soil texture classifications.
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Figure 1: Simulated average yield (kg/ha) for the S1 climate change scenario for the high rainfall zone

Moderate changes in climate

The S5, S2 and S6 scenarios have the greatest relevance because they represent potential short

term climates for the year 2030 if no mitigation action is takREFS)

For the milder climate change scenarios-&3, simulated yieldesults highlight that only a small
reduction in production will be evident in the low rainfall zone. While this seems small (around
200kg/ha) in absolute terms, the reduction is quite significant because of the regions current yield
capacity (current asrage production for a farm is around112 t/ha). Textural differences
between soil types in this zone have only a minor influence with rainfall the limiting factor.
Economic analysis will show the impact of these yield losses on low rainfall regiaunctvag.

Given this may represent a climate for 2030 there may be some urgency to change in this region

either through the adoption of different agronomic practices or adoption of different land uses.

Milder CC projections for the medium rainfall zosteow similar reductions in average yields but
these reductions do not have the same relative impact due to these regions generating higher

yields.

Milder CC or short term projections for the high rainfall zone show increases in simulated wheat

yields acoss the region with negligible reductions across soil types.

51



For the S2 scenario, crop modelling simulations shows reductions in simulated yields across the
low and medium rainfall zones. For low rainfall zones, reductions are apparent in the finer
textured soils across each specific rooting depth and PAWC category arourg0&cleduction.

Figure 1dllustrates the reductions in simulated yield apparent for the low rainfall zone.

Highest reductions are in the-@cm rooting depth and #200mm PAWGEategory for both the

low and medium rainfall zone. For the high rainfalll zone, simulated wheat yields for the S2
scenario show increases across the majority of soil characterisations under all carbon dioxide
levels. Largest percentage increases ardénlower PAWC categories and coarser textured soils.
However, reductions in yields are apparent in the finer textured soils in the higher PAWC

categories.
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Figure D: Percentage change in simulated wheat yield when S2 is compared to the current chirower

three carbon dioxide levels for the low rainfall zone

Sever climate change scenario

For the S3 scenario represents the most severe climate change scenario. Crop modelling
simulations showed the envelope of simulated wheat yields for four carbaxid#i levels. In the
low rainfall zone, largest reductions in yield were in thé0@m rooting depth and ZQ00mm

PAWC finer soil textures
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For the medium rainfall zones, simulated yield reductions are similar to those in the low rainfall

zone.

For exteme or longer term CC projections the distribution of soil types will play a more dominant
factor especially for soils with deep finer textured soils. Economic analysis of cropping enterprise

will come into play in this region to determine farm businesd aommunity viability.

Longer term or more extreme CC projections show yield increase with coarser textured soils and
decrease on finer textured soils. Although different yield trends exist, increases in yield on coarser
textured soils show only smaiklative increases because they come from a smaller yield base.
These simulated yield increases do not offset the reduction on the finer textured soils. While this
CC projection causes large yield reductions, the productivity of the soils still rernastarstially

high.

4.1.5 Conclusions

We created 44 soil characterisation that spanned the potential physical characteristics of Eyre

Peninsual soils. This showed the range in possible impacts of climate change projections on
simulated yields. The sinatlons showed that there are a variety of impacts with the interactions

in temperature and carbon dioxide increases and rainfall reductions, soil types and current

climate. The low and medium rainfall regions had the greatest percentage reductionglin Bl

this will depend on the magnitude area associated with the corresponding soil types and where

they are within the Eyre Peninsula since there is a degree of spatial variation in the impact of the

CC projections within the two rainfall zones.

Applying S1 and S4 scenarios gives an indication of what potential climate could be in the next ten
years or if significant mitigation efforts are undertaken globally. Results show increases in wheat
yield due to the increase in temperature and g&el and ilmited reduction in rainfall across all

rainfall zones.

Applyingthe S2, S5 and S6 @jections, a possible climate for 2030, show a reduction in
average yields in the majority of regions that make up the low rainfall zone. Changes in soil
texture, agraduation from coarser to finer textures, show an increase in yields for the coarser
textured soil in the medium and high rainfall zones. Spatial variation in the impacts of these CC

projections exists across all rainfall zones.

Applying the S6 CC peafion shows large yield reductions in the low rainfall area, apparent on

finer textured soils. In medium rainfall zones, slight increases in yield on coarser textured soils but
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yield reductions (1€80%) across finer soil types. In higher rainfall arsisilar simulated yield
trends are apparent with greater increases-A0%) on average on coarser anel@6 yield

reduction on finer soil types.

The management of different textured soils through opportunistic cropping or selection of soll

types for land;uses change will play an important part in CC management in areas across the EP.

4.1.6 Spatial Representation of Eyre Peninsula Soils

CKS W{2dziK ! dzaGNIt ALY {GF G§S (PASyYSHenkerstdd frgmettlet L y F
South Australian Stateahd and Soil mapping program provides state format attribatéls
datasets in a spatially distributed formé®oil and Land Program, 2Q07The framework uses a
polygonal representation to classify the agricultural districts of South Australia accoodsog or
landscape attributes. These attributes are land surface and soil features which affect land use,
land management and agricultural productivity. The framework uses land types to define the
dominant geological and topographical setting and bread grouping within an area. The spatial
distribution of land types has been formulated based on past soil and geological mapping data and
stereoscopic analyses of aerial photographs. These distributions have been ground truthed
through field based olevations and laboratory analyses and reflect the current understanding of
the regional landscapes processes and stratigrapiile these undertakings provide consistent

and spatially valid classifications, there is still significant extrapolation aedpglation from

limited datasets with heavily reliance on local knowledge and experience of field operators.

To give an overview of the soils whieghcompasshe region of euthern south Australia, the large
magnitude of soils have been organised ihfsoil groups and a subset 61 subgroup soils Sail
groupsare differentiatedbasedupon soil profile features of major sificanceto land use and
natural resource management. Within the soil subgroups, soil distribution and extent,
characteristics ad features of each soil, factors affecting fertility, ré@&a agricultural potential
and limitations, together with soil conservation issuase described and quantified These
characteristics are land surface and soil features that affect land usd, f@nagement and

agricultural productivity.

There are several caveats with the use of this information. Firstly, soils information and land and
soil attribute maps are derived from limited field inspections and entail significant generalisation.
Secondlyboundaries between mapping units should be treated as transition zones. Thirdly, maps
are intended to provide a regional overview and should not be used to draw conclusions about
conditions at specific locations. Fourthly, a specified attribute clagswmll apply to only 50% or

less of a soil landscape unit. This is acceptable in a regional, subregional or catchment level
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context where maps are intended to provide visualisation of where specific conditions are likely to

occur.

In APSIM soil sectiome highlighted a conceptual model that illustrated the variation of Eyre
Peninsula soils. The potential buckets are defined by root zone depth, PAWC magnitude and
texture. Within theSASLSIF similaapped soil attributesre broadlydefined. Root zondor

wheat however is not mapped explicitly.
Defining and mappingooting depth for wheat

Definingthe magnitude ofand mapping the rooting depth for wheat wascomplished using a
two part procesdased on mapped area. The first part identified thegmitude of rooting depths
across particular suboil classes and the second relied on distributing these percentage based on

the mapped area for the suboil types.
Magnitude of rooting depth for wheat

Hall et al., 200 A RSy (i A kel growilh &fSere@dl plant roots within the representative soil
LINE Fok 33 Scél groupsicrossthe Eyre Peninsula agricultural arg§ppendix $and four rooting

depth categories were created-ZDcm, 2640cm, 4060cm and 6@L00cm. These values were
examined by an expert in soil science based on the Eyre Peninsula in order to refine the broad
percentage to reflect laa regionalvariations (Tabl&). Thecreation of this information provided

a potential distribution of rooting dehs for wheat by sutsoil type across the Eyre Peninsula

region.
Mapping of rooting depth of wheat crops across the Eyre Peninsula

While a subsoil class distribution of rooting depth has been createdting depth for wheawill

differ for subsoil clasesacrossrainfall zonesdue to the influence of physical and chemical
constraints. For example, in high rainfall regions chemicaktcaints may not restrict root
growth because of the greater access to watehnile in drier environments chemical coraints

have a far greater impact on rooting depths. To reflect climate and constraint variation we use
the rainfall regionalisation dataset to spatially identify rainfall differences and the soil attribute
data available within theSASLSIFo highlight tre magnitude of the physical and chemical
constraints across the Eyre Peninsula within eachsaibclass. Seven mapped soil attributes
were selected that would potentially restrict rooting depth across the Eyre PeninShkese were
physical constrictins (depth to hardpan, hard rock) and chemical constrictions @éptsodium

and boron toxicity, luminium toxicity, degree ddcidity and dryland salinity)and the variations in
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levels of manitude are shown in Appendix. 5For each sulsoil class, a ugue eight digit
identifier was created. The first value represented the -salb class while the next seven
represented the magnitudes of the seven identified soil constraints. This dataset highlighted the
magnitude and spatial distribution of soil corahts with each susoil class. This spatial
distribution of each identifier was then spatially assigned to the corresponding rainfall region.
From theSASLS|fhe number of hectares corresponding to each identifier was calculated and the
hectaresfor each codewere apportionedinto the four rooting depth categories based on the
severity of physical and chemical constraints within the three different rainfall zones. Percentage
area contributions in each of the four rooting depth categories were thécutated and hectares
reapportioned to correspond to the regional percentage distributions of rooting depth bygailib

class. The mapped wheat rooting depths by-sath class are highlighted Trable 8
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Table 8 Potential and mapped percentage distution of root zone depth for wheat within each rooting depth categories (cm) for each soil class based on expert opinibn an

adjustments made by geographic attributes (physical and chemical constraints and rainfall gradient)

Potential percentage distbution of e :
rooting depth within rooting depth Mappeq pgrcent_age SRl Of. rooting
categories (cm) depth within rooting depth categories (cm

Class Description 0-20 20-40 40-60 60-100 0-20 20-40 40-60 60-100
Al Highly calcareous sandy loam 10 20 45 25 3 8 76 13
A2 Calcareous loam on rock 10 20 65 5 0 0 89 11
A3 Moderately calcareous loam 0 15 45 40 0 0 48 52
A4 Calcareous loam 5 15 45 35 1 21 66 12
A5 Calcareous loam on clay 0 10 25 65 0 6 65 29
A6 Calcareous gradational clay loam 0 15 35 50 0 5 58 38
A8 Gypseous calcareous loam 15 55 30 0 13 64 12 12
B1 Shallow highly calcareous sandy loam on calcrete 25 45 30 0 17 47 36 0
B2 Shallow calcareous loam on calcrete 70 25 5 0 33 39 27 0
B3 Shallow sandy loam on calcrete 70 25 5 0 18 70 12 0
C3 Friable gradational clay loam 0 5 55 40 0 0 100 0
C4 Hard gradational clay loam 0 5 25 70 0 0 0 100
D1 Loam over clay on rock 5 15 25 55 0 11 79 10
D2 Loam over red clay 0 10 30 60 0 0 48 52
D3 Loam over poorly structured red clay 0 15 45 40 0 42 50 8
D5 Hard loamy sand over red clay 0 15 45 40 0 28 32 40
D6 Ironestone gravelly sandy loam over red clay 0 5 5 90 0 0 72 28
F1 Loam over brown or dark clay 0 5 5 90 0 0 2 98
F2 Sandy loam over poorly structured brown or dark clay 5 10 30 55 0 0 92 8
Gl Sand over sandy clay loam 0 10 75 15 0 0 66 34
G2 Bleached sand over sandy clay loam 0 20 65 15 0 0 91 9
G3 Thick sand over clay 0 25 60 15 0 16 73 11
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Validation of rooting depths

The apportioning of mappe@®ASLSIBrea to the egional percentage distribution of rooting
depths by suksoil class provided a general way to map wheat rooting zone depths across the Eyre
Peninsula region. We attempted to validate the modelled spatial distribution of rooting depths by
using point basedneasurements of rooting depth which have been recorded across the Eyre
Peninsula. Rooting depths for a total of 181 data points were investigated 112 froBABESIF

soil profile dataset and 69 from the soil characterisation available in the APSOhaskata
(Dalgliesh et al., 20Q6for the Eyre Peninsula. Appendix shows a map of their spatial
distribution across the Eyre Peninsula. Where two or more soil pit fits were spatially located
within the same defined area the lower rooting depth walwas taken.Table 9 shows the

resultant spatial agreements between the modelled and observed root zone depth.

Table 9 Percentage agreement between the modelled and observed rooting depths in the low, medium

and high ranfall zones.The number of obserations used for each zone are identified in brackets

Rainfall zone SASLSIF observations APSOIL observations
Low 65 (34) 38 (37)
Medium 40 (47) 52 (23)
High 52 (31) 100 (1)

The table shows low to moderate agreement between the two datasets. Thi# isurprising

since the scale of the modelled root zone depths is broad, sub catchment at best and the
observed soil pit data is substantially finer at a soil pit resolution colletctedeasure deep into

the profile to understand the soil profile.Nonetheless, the comparison allowed for some
independent ground truthing of the results. Where the modelled results did not agree we again

used expert opinion to refine the results.

Figure 13how the resultant spatial distribution of wheat rooting depth a&gdhe Eyre Peninsula

cropping area. Thigefines one variable fatetermining the spatial distribution of soil types
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Figure B: The spatial distribution of modelled root zone depth for wheat across the Eyre Peninsula

cropping area

4.1.7 Mapping andMeasurement of Plant Available Water Holding
Capacity (PAWC)

The categories of PAWC in the APSIM modelling have been purposely categorised to match the
Available Water Holding Capacity (AWHigfined in the SASLS|Fas theamount of water
effectively avaible to wheat plants within a soil profileSee Appendix for the description and
category classificationsFor the framework estimates are mapped based on AWHC values for
various texture classe®ént et al., 198Wetherby, 1992 From the mapping 11 classes of soil
texture are defined ranging from sand to clay loam. These categagses are shown in
Appendix 5 The magnitude of AWHC is affected by rooting depth and soil characteristics such as
porosity, texture (particle size) and texture structure. We assumed that the mapping of texture
differences was of a high quality since it was derived froforination (@eological mapping data

and stereoscopic analyses of aerial photograpkisich illustrate natural processes. We reviewed

the spatial distribution of AWHC values to determine if they corresponded to our redefinition of
wheat root zone depth andssumed texture categories. Expert knowledge was used to redefine
AWHC values in areas where either the value did not correspond to the rooting depth and texture

values or did not reflect local knowledge of the area. A validation of the mapping of Asli¢S v
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was undertaken using the 69 APSOIL sites as an independent dataset. The measured PAWC
values were investigated to determine if they fell within the defined AWHC range. The spatial
agreement between these datasets was 49%. Where differences odcestpert knowledge was

used to redefine the spatial distribution of AWHEigure 14and Figure 15show the spatial
distribution of the magnitude of AWHC values and texture categories for the Eyre Peninsula

cropping area.

A unique combination of values wahen created by joining the three soil attributes wheat
rooting depth, AWHC and soil texture. This variable showed the spatial distribution of the soil
attribute variations and was used as the inputs to spatially distribute the simulated wheat yield

values for the corresponding crop modelling soil characterisations.

Available Water Holding
Capacity (AWHC)
(mm)

B 020

[ ] 20-40

] 4070

B 70-100

I > 100

SA Mainland

0 30 60 120 Kilometers

Figure Y4: Spatial distribution of Available Water Holding Capacity (AWHC) across the Eyre Peninsula

cropping region
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Soil texture
- More than 30% sand - Finer
I:l More than 30% sandy loam - Finer
|:| More than 60% loamy sand
|:| More than 60% sand
- More than 60% sandy clay loam
- More than 60% sandy loam

SA Mainland

0 30 60 120 Kilometers

Figure B: Spatial distribution of soil texture across the Eyre Riesula cropping region

Figure l6represents the percentage of the Eyre Peninsula area which is associated with the
defined rooting, depth, plant available water capacity and soil textures classifications. Both the
low and medium rainfall zones have fgidimilar cropping areas with over 1.1 million hectares
each. The high rainfall zone is significantly smaller with around 310 thousand hectares. The
greatest amount of area is mapped to the-80cm rooting depths with majority being classified

as 4070mm PAWC sandy loam soil texture in the low and medium rainfall zone. For the low
rainfall zone, the 2@10cm 4070 sandy loam classification also has a significant area mapped to
this classification. The high rainfall zone has a variety of smaller areagechdo it soil
classifications with the highest being in the-ZOOmm PAWC and sandy loam soil texture

classification.
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Figure B: Percentage of the Eyre Peninsula area which is associated with the defined rooting, depth,

plant available water capacityand soil textures classifications

Figure 17shows the distribution of area associated with specific rooting depth, plant available
water capacity and soil texture categories as a percentage of their corresponding rainfall zones.
The majority of mappedraa was associated with the /0Dcm rooting depth across all rainfall
zones with 66% in the low, 59% in the medium and 43% in the high. For the low rainfall zone, the
largest area was attributed to the 480cm rooting depth, 470mm PAWC and sandy loamilso
texture classification with 47%. The next two highest were both sandy loam soil textures with 20
40cm rooting depth and 4@0mm PAWC and480cm 70100mm PAWC both of which
represented 20% and 10% of the area for the low rainfall zone. Similar tovthealnfall zone,

the 40-60cm rooting depth, 470mm PAWC and sandy loam soil texture classification had the
largest amount of area associated to it with 21%. The remaining 38% of area is then distributed
across other PAWC and texture categories withia thoting depth. Around 7% of the areas have
been classified in the 6000cm 100+ mm PAWC sarndgyloam classification. This figure shows

for the high rainfall region the largest area was attributed to the68@m rooting depth 70
100mm sandy loam téxre category. Both the 6000cm rooting depth 100+PAWC soil texture

categories make up around 27% of the high rainfall zone area.

Both figures show the contributing area of each classification as a percentage the EP for regional

analysis and as a permt@ge of the rainfall zone to understand the distribution at a-sefgional
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scale. The amount of area assigned and the spatial distributions of soil classifications will affect

the impact of climate change on the Eyre Peninsula as a whole and in thécspenofall regions.
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Figure I: Distribution of area associated with specific rooting depth, plant available water capacity and

soil texture categories as a percentage of their corresponding rainfall zones

4.1.8 Mapping the Spatial Distribution of @ulated Wheat Yields

The previous section focussed on identifying the impact of a variety of climate change scenarios in
rainfall aggregated zones (low, medium and high) for 44 potential soil across the Eyre Peninsula.
Within these zones, spatial variatioand impacts on yields may exist due to localised climate
variation and its interaction with the extent of mapped soil classifications. To map these local
interactions we followed the methodology developedkigure 18 The first step used cluster
analysis on monthly gridded rainfall to identify nine rainfall regions with similar rainfall amounts
across the Eyre Peninsula. The second step involved retrieving rainfall station data from the SILO
patch point dataset where rainfall records were greater tfiényears. A total of 76 stations were
selected across the Eyre Peninsula. These datasets were then inputted into a geographic
information system (GIS) where a spatial analysis function was used to divide up the nine rainfall
regions into 76 individualraas based on the geographic relationship between the station and
rainfall zone datasets such that the boundaries of the regidefine the area that is closest to
eachstationrelative to all otherstations. This datasets represented the climate dataunesgl for

the crop modelling. The previous section describes how soil classifications were mapped through

spatial datasets and expert knowledge. The GIS was then used to spatially join both datasets to
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define the extent of mapped soil classifications éacch Thiessen polygon defined rainfall station
area. A loolup table was then created listing the rainfall station number and soil classification

which was used to match with the multiple simulated yield outputs from the crop modelling.

BOM Daily
Gridded Rainfall APSIM/APSOIL DENR DENR

ﬁ Soil Pit Database Soil Map Soil Pit Database

(69 pits-blue )  With Soil Attributes (112 pits- green)

Cluster
Analysis

9 Rainfall 76 BOM Riafall

Cluster Zones Station Locations
— N : Expert
Soil Knowledge
classification For
Validation

21 soil classifications

76 Local iainfall Areas (Root Zone/PAWC/Texture)

(Thiessen olygs

Each colourgll
classification)
equates tol rainfall
site for modelling

Figure B: Methodology used to map the rainfall station specific soil classification for the Eyre Peninsula
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Figure B: Simulated wheat yields for the current climate by rooting depth, plant available water capacity

and soil texture categories

Figue 19represents the corresponding soil classifications mapped on the Eyre Peninsula and
their associated simulated yields These yields were matched to the corresponding soil
classifications to identify the spatial distribution of simulated wheat yieldosg the Eyre

Peninsula. The reductions in simulated yields for the ranges of climate change scenarios for the

low, medium and high rainfall nes are presented in Appendix 5

Figure 20llustrates the spatial variability of simulated wheat yield foe thyre Peninsula. Yield
variability ranges 150,500 kg/ha in the upper part of the Eyre Peninsula (low rainfall zone) and
increases to 1,50@,500 kg/ha in the middle medium rainfall zone. The bottom part of the figure
illustrates simulated wheat yielbr the smaller high rainfall zone with yields varying from 2,500
4,500 kg/ha.
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Simulated average wheat yield
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climate information (S0)
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Figure20 Simulated average wheat yields for the Eyre Peninsula based on 110 years of climate

information

4.1.9 Validation

Yield and hence productivity projections asstaibwith future climate scenarios are an essential
part of developing adaptation options withhé landscape futures analysi@ollection of sound
local yield data is important in establishing the credibility of the crop ¢noand yield models
that are used to estimate yieldsand hence economic activityinder different climate change
scenariosWe collated orground crop yield and soil datcross a variety of scalés validate the

crop models used to make yield projections with the different climatengeascenarios.

In collaboration with the EP research officese identified particular farm$ocated on the major

soil classesvithin the climatic subregions discussedbove.We used the analysis of two spatial
datasets, the Department of Environment aNdtural Resources soils database and the EP based
Rural Solutions grower databage identify these farms. Subsequently we collected any previous

records of within paddock crop yield$his included:

1 Data from precision agriculture aggregated to paddsoi/averages

9 Farmer records of paddock yield from Minnipa over 25 years
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1 EP red brown earth trails (10 years of data), EP grain and graze upper EP trials
1 Regional PIRSA wheat yields

This data forms the basis for high resolution spatial analysis of cyigdtstability on the EP and
validation of future climate effected yield predictions using the Agricultural Production Systems
Simulator (APSIM).

4.1.10Spatial distribution of climate change impacts on simulated

wheat yield

Simulated average wheat yield (kg/ha) "
for climate change scenario (S1)
(+1°C,-5% rainfall, 480ppm CO,)

I 150 - 500
B 501 - 1.000
[ 1,001- 1,500
[ ]1501-2000
[ 2,001-2,500
[ 2,501 - 3,000
B 3.001 - 3500
I 3501 - 4,000
I 4001 -4,500
- Non Cropping Area
SA Mainland

1
0 35 70 140 Kilometers

Figure21: Simulated averag wheat yields for the Eyre Peninsula based on 110 years of climate change

scenario (S1)
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Simulated average wheat yield (kg/ha) !
for climate change scenario (S4)
(+0.8°C, seasonal rainfall reduction,
480ppm CO,)
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Figure22 Simulated average wheat yields for the Eyre Peninsula based on 110 years of climate change

scenario (S4)

Simulated average wheat yield (kg/ha)
for climate change scenario (S5) '
(+1.75°C, seasonal rainfall reduction,
550ppm CO,)
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Figure 23Simulated average wheat yields fohé Eyre Peninsula based on 110 years of climate change

scenario (S5)
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Simulated average wheat yield (kg/ha)
for climate change scenario (S2)
(+2°C,-15% rainfall, 550ppm CO,)
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Figure 24 Simulated average wheat yields for the Eyre Peninsula based on 110 years of climate change

scenario (S2)

Simulated average wheat yield (kg/ha) !
for climate change scenario (S6)
(+2.25°C, seasonal rainfall reduction,
550ppm CO,)
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Figure 25 Simulated average wheat yields for the Eyre Peninsuladgon 110 years of climate change

scenario (S6)
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Simulated average wheat yield (kg/ha)
for climate change scenario (S3)
(+4°C,-25% rainfall, 750ppm CO,)
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Figure 26 Simulated average wheat yields for the Eyre Peninsula based on 110 years of climate change
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4.2 Modelling Biomassand Carbon Sequestrationnder Climate Change

Increased levels ofjreenhouse gases in the atmosphere from the clearing of forests for
agricultural production over the short, medium and letegm are likely to contribute to the
impacts of global climate change, resulting in the reduction and potential loss of vital esosys
serviceqAlbrecht and Kandji, 2003; Rodriguez et al., 2086a consequence, there is a growing
interest in he study of alternative land uses in agricultural regions including the production of
biomass, and reafforestation for carbon sequestration. Each of these strategies provides potential
benefits including reduced greenhouse gas emissions and economicgsdarfarmers(Bryan et

al., 2010a; Bryan et al., 2010lBucalypt biomass could supphe renewable electricity, activated
carbon and eucalyptus oil industriesthereas the benefitof environmental plantations and
hardwood plantationsnclude the mitigation of dryland salinisation and soil erogiBryan et al.,
2010a; Bryan et al., 2010b; Jackson et al., 20B8yironmental plantations also provide support

for biodiversity(Foley et al., 2005; Jackson et al., 2005)

Procesdased models utilize th biophysical parameters of tree species to simulate how
characteristics including growth patterns, carbon storage and water cycles will be affected by
externalfactors (Almeida et al., 2004b; Feikema et al., 20Mpdelssuch as3-PG Physiological
Principles toPredict Growth) (Landsberg and Waring, 199%ands and Landsberg, 200&)ve

been employed to determine forest productivity for a range of forest types, as well as assess site
productivity and economic returns under different plantation management regimes and
environmentalconditions (Almeida et al., 2004a; Almeida et al., 2004b; Amichev et al., 2011;
Battaglia and Sands, 1998; Bryan et al., 2010a; Bryan et al., 2007; Coops and Waring, 2001; Coops
et al., 1998; Coops et al., 2005; Landsberg et al., 2081idsberg et al., 2003; Nightingale et al.,
2008) 3PGmodels forest growth patterns on a monthly time scale dra become the default
processbased model for forest management due to its simplicity and the fact that it is freely
available (Sands, 2004heCSIRO Land and Water division has recently developed a new version
of 3PG, named 3RGwhich includes improvements to the water balance predictions by
incorporating ddy rainfall dataas well as including variables for an understorey, site salinity and
ambient C@ (Almeida et al., 2007; Polglase et al., 2008)

We used 3P&to predict forest productivity (biomass yieldfor a homogenous hardwood
plantation (Ecladocaly} a generic oil mallee speciesnd a multispecies envonmental
plantation, based on climate dataodelled usinghe ESOCLIModule of ANUCLINbr eachof
the four climate scenario$SQ, S1, S2, S3) (Sectior).33ee technical report in Appendix 6).
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LongTerm Monthly Mean Grids Database

-
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Figure27: Structure of 3PG biomasmd carbon sequestratiosimulation
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4.2.1Modelling Faest Growth with3PG

3PG models forest growth patterns based on the absorption of photosynthetically active
radiation (PAR)and constrained by environmental variables including temperature, vapour
pressure deficit\VPD), frost, available soil water (AS\Wfand age and site nutritional statuhe
spatial version of 3P&GCoops et al., 199&an model productivity using raster data representing
spatial variance in soil characteristics and climate for an arBlae basic structure of 3P®&

outlined in Figure A@, and of our enulation modellirg in Figure 27
3PG requires a number of input data sets (Tablarl 3:

1 Monthly climate data includingptal solar radiation, total rainfall, average temperature,
average vapour pressure deficit (VPD), rain days per month and frost days per month
1 Soiltexture andsoil depth

1 Individual species parameters

Long term average nmthly climate data were sourced from ESOC[Hdulder et al., 1999)The
specific layers used in this modelling were maximum temperature, minimum temperature,
rainfall, rain daysand solar radiationThe baseline climate scenario (S0) was based on the 2006
climate data remaining ¢wstant for a 64 year period (2006 to 2070). Data for the climate change
scenarios [mild (S1), moderate (S2), and severe (S3) warming/dryingtreated by altering the
baseline temperature and rainfall records in annual increments from 2006 to 207CC{sg&ter
3). Solar radiation for the initial year was kept constant for each year under the three climate

change scenarios, and the amount of frost days was set to zero.

A raster layedescribing the soil typwasextracted from the Australian Soil Resaailaformation
System (ASRISASRIS, 2007)This involved combining thregifferent individual databases at
three different £ales. The finest scale soil informatiQASRIS soil level & 1:100 000X, covered

the largestarea (4603900 ha)but in order to cover the whole study area databases with broader
spatial scales were also included. These included the ASRIS soil (evEl280 000)covering
111,500 haof the study area and ASRIS soil levet 3:1 000 0003overing 371,100 hasée Figure
28). A soil depth raster layer was obtained frdholglase et al2008 which used MrVBF to

estimate soil depth for soils greater th& metres deep.

The original species parameters for 3PG were obtained from continued observations and
measurements of forests and plantationdandsberg et al., 2001)Almeida et al.(2007)

recalibrated the original parameter files for use with 3RGorder to incorporée the enhanced
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growth and water balance components of the new mo@&ecies parameters used in this study

are presented in Appendix 6.

Soil Texture N r :
{6-9 1% ‘f‘z
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Figure28: Soiltexture in the Eyre Peninsuléor 3PG2 modelling
Fix Map

Add one for Lower Murray too?

Hardwood platations were modelled using a species parameter file tércladocalyx.
E.cladocalyis endemic to the Eyre Peninsula and Flinders Ranges regions and is among the most
common species used in commercial plantations in southern Austveilia the potential to store

large amounts of carbon through reafforestation over the lkbagn (Almeida et al., 2007,
Polglase et al., 2008ppeciesparameter files were calibrated fdE. cladocalyXAlmeida et al.
2007;Paul et al., 2007)with parameter adjustments made to the temperature modifiers based

on the environmental limits outlined bgrooker et al. (1999)Adjustments were also made todh
maximum stem mass per tree at 1000 trees per hectanglthe maximum agén orderto model

the productivity of carbormlantationsover the 65 yeaperiod from 2006 to 2070.

Environmental plantings offer additional benefits over single species plantaiincluding support
for biodiversity, resilience to climate change and lower ongoing management (@ryian et al.,

2007; Polglase et al., 2008; Polglase et al., 20MHgre is also the potential that in some areas,
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environmental plantations may store more carbon than single species plantations lavegr
periods of time(Polglase et al., 2008; Polglase et al., 20Thg calibration of species parameters

for the environmental plantings was based on a mixture of eucalypts, shrubs and a@slonesda

et al., 2007; England et al., 2006; Polglase et al., 2@&)cies parameters were recalibrated
manually by adjusting parameters related to species sensitivity to environmental factors, age, and
conductance. Due to limited calibration data dshility for the Eyre Peninsula, environmental
plantings parameters were calibrated using 36 measurements from low to moderate rainfall areas
within the Eyre Peninsula and South Australian MuiPayling Basin NRM regiorsnvironmental
planting models wee run over the same climate conditions and over the same period as
Ecladocalyxi.e. 2006 to 2070).

Droughtresistant mallee specidsavethe potential to be useful in the production of bioenergy
from biomass and eucalyptus oil when coppiced on shadsdtion under dry conditiongBryan et
al., 2010a; Wildy et al., 2004Parameters for oil mallesvere based on the average &.
Loxophlebdissophloia, E. polybracteandE. kocchi{Polglase et al., 2008ndused to represent
the productivity of a typical oil mallee over a 6 year rotati@il mallee parameters used were
calibrated by Polglase et al. (2008).

Site parameter files were used to define the study area and modelling scenario. The start age of
each species was set tme year with assumed values set for initial stem mass, foliage mass and
root mass, and the initial number of stems per hectare seisto 1000for each modelled species.

For the purpose of this study understorey and pasture comptsm@/ere not modelled due to the

fact that biomass is only simulated for the understor@yplflase et al., 2008As 3PG2 does not
currently account for the effect of atmospheric CO2, ambient CO2 was set to a default value of

350ppm for each species undeach climate change scenario.

The selected wtputs from 3PGwere the total biomass of forest trees per hectare (tonnes dry
matter/ha), allocated between foliage, root and ster@ifford (2000) suggests that a figure of
50£2%C is a suitable figure to represent the percentage of carbon stored in théiwtzss by
weight. A multiplication factor (3.67) was then used to determine the total amount gfs@@ed

in the carbon(Standards Australia, 2002)hus, 3PG estimates of biomass were converted to CO

using the formula:

W+ W + W) x3.67
2

E
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Where:

E= Carbon sequestered (tonnes L£Tha)

WF= Foliage biomass fromBG (tonnes dry matter/ha)
WR= Root biomass &m 3-PG (tonnes dry matter/ha)
WS= Stem biomass fromBG (tonnes dry matter/ha

4.2.2 Carbon Sequestration and Forest GrowthBpre Peninsula

The total carbon sequestration for the modelled hardwood plantationthe Eyre Peninsulaas
around 326 tones/ha, averaging out to a carbon sequestration rate of approximately 5 tonnes
CQ*/halyear over the 64 year simulation under the béise climate scenao (Figue 2%). Across

the study area sequestration rates varied significafBigure 3Q, ranging fom 1.4 tonnesCQ

/halyear in the drier areas up to around 10 tonn€§) “/hal/year in hgher rainfall regions

Carbon sequestration rates of hardwood plantations decreased under warmer and drier
conditions. The average annual sequestration rate over @deyear simulation reduced by
approximately 4.8% under climate change scenaridl58% under S2 and 26% under(E@ure

29a). Low productivity areas were affected significantly, with sequestration rates decreasing by up
to 71% under severe climate changlhe wetter, more productive regions experienced a less
significant reduction in carbon sequestration, with sequestration rates decreasing by up to 2.36%

undersevere climate change (Figure)30

Modelling of environmental plantings displayed an averagpusstration rate of around 4.36Q°
°/halyear up to year 54, where the stand matures and the average carbon sequestration rate
starts decreasing. In comparison to hardwood plantations, carbon sequestration estimates for
environmental plantations were lowewith a total sequestration of around 227 tonnes/ha under
the baseline climate scenario. This averaged out to an annual carbon sequestration rate of
approximately 3.5 tonne<CQ*®/halyear over the 64 year simulatiofFigure 28). Spatially,
sequestrationrates varied significantly across the study afEmure 3Qranging from 0.9 tonnes
CQ*/halyear in the arid regions up to around 12.5 tonn€§)*/halyear in the higher rainfall

regions.

Average annual carbon sequestration rates of environmental pigatincreased by 2.33% under
climate change scenario S1, and then decreased by around 3.5% under S2 and 9.4%3under
Overall, environmental plantings were more resilient to climate change scenarios than hardwood
plantations. As with the hardwood plantatis, low productivity areas experienced a significant

decrease in carbon sequestration rates, with sequestration rates decreasing by up to 54.3% under
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severe climate change. More productive regions experienced an increase in carbon sequestration
rates unde each climate change scenario, with an increase in carbon sequestration rates of up to

2.4% under climate change scenario S3.

Carbon Sequestration - Hardwood Plantations Carbon Sequestration - Environmental Plantings
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Figure29: (a) Temporal dynamics and variation in carbon sgegtration for hardwood plantations (left)
and (b) environmental dantings(right) in the EyrePeninsulaunder the baseline and climate change

scenarios
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Figure30: Estimated C@sequestration potential of hardwood plantations and environmentalgntings

in the Eyre Peninsula after 64 years (t/ha)

3PG modelling of d mallee for biomass production under the baseline climate displayed an
average total dry weight of 22.6 tonnes per hectare, averaging out to an annual growth rate of

around 3.8 tonnes per year over the first 6 years before harvest. Across the studygered
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rates ranged from less than a tonne per year (0.72 tonnes/hal/year) in lower rainfall areas, to 6.7

tonnes per year in more productive, higheintall aras (Figure 31

Average growth rates for oil mallee increased under climate change scenaby 8X%, but
decreased by 10.8% under S2 and 34.5% under S3. In lower rainfall areas, growth rates decreased
by up to 41% under the severe climate change scenario. In contrast, growth rates increased in
high rainfall areas, with increases of 18.6%, 29#8d 37.8% observed for S1, S2 and S3

respectively.
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Oil Mallee

Figure31: Productivity of oil malleein the Eyre Peninsulafter 64 years (t/ha)

4.2.3Carbon Sequestration and Forest Growth in the Lower Murray

Total carborsequestrationof hardwood plantationscross the Lower Murray region ranged from
3.7 tonnes/ha to 688.78 tonnes per hectar@igure 33 with an average total carbon
sequestration of 317.67 tonnes per hectare. This translates to an average annual sequestration

rate of around 5 tonnes G@halyear (Figure 32).

Carbon sequestration ratesf hardwood plantationslecreasedacross the study area under each
of the climate change scenarios, with the average sequestration rate decreasing by 8.3% under
S1, 23% under S2 and 37.15% under S3. Sequestratie® nemained stable in higher rainfall
areas, with potential carbon sequestration decreasing by only 0.69% under severe climate
change. Areas where sequestration rates were low under the baseline climate saw no change

under each of the climate change segios

Modelling of environmental plantings presented a total carbon sequestration amount of 290.44
tonnes/hectare on average across the study area, translating to an annual sequestration rate of
4.54 tonnesCQ*/halyear (Figure32b). Sequestration ratesaried across the study ameg(Figure

33), with sequestration rates of up to around 10 tonn@&§ “/hal/year in more productive areas,

to 0.07 tonnesCQ*/halyear in the arid regions.
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Average annual sequestration rates decreased by nearly 9% under clumatge scenario S1,
23% under S2 and 37% under S3. Sequestration rates remained relatively stable in higher
production areas with carbon sequestration decreasing by up to 2% under the impact of severe

climate change. In arid areas there was no changariban sequestration rates.
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Figure32: (a) Temporal dynamics and variation in carbon sequestration for hardwood plantatigiest)
and (b) environmental plantings(right) in the Lower Murrayunder the baseline and climate change

scenarios
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Figure33: EstimatedCO2 sequestration potential of hardwood plantations andwdronmental plantings

in the Lower Murrayafter 64 years (t/ha)

8C



3PG modelling of oil mallee for biomass production displayed an average total dry weight of 43.7
tonnes per hectare, avegang out to an annual growth rate of around 7.3 tonnes per year over
the first 6 years before harvest. Across the study area, growth rates ranged from less than a tonne
per year (0.42 tonnes/halyear) in lower rainfall areas, up to around 26 tonnes periryeaore

productive,higher rainfall areas (Figure 34

Average growth rates for oil mallee decreased by 13% under climate change scenario S1, 30.2%
under S2 and 46% under S3. Growth rates in high production areas increased by up to 3.3% under
S1 and 1.7%nder S2, but decreased by as much as 6.7% under S3. There was no change

observed in the minimum growth rates in low rainfall regions of the study area.

Oil Mallee
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Figure34: Productivity of oil malleein the Lower Murrayafter 64 years (t/ha)

4.2.4 Discussiorof Carbon Sequestration and Forest Growth

3PG was used tamodel the biomass productivity of a hardwood plantation and environmental
plantings for carbon sequestration over 64 yearsder a baseline and three climate change
scenarios in the Eyre Peninsula drmver Murray regions. Similarly, oil mallee was modelled over

6 years in these same regions to simulate biomass production.

In the Eyre Peninsula region, average carbon sequestration rates decreased for hardwood
plantations under all of the climate chamgcenarios. In comparison, environmental plantations
were generally more resilient to climate change, with an increase in average carbon sequestration
observed under mild climate change, and decreases under moderate and severe climate change
scenarios. Bimass production of oil mallee modelled over 6 years also displayed an increase in
average growth rates under mild climate change, and more significant decreases under moderate
and severe climate change. All three land uses displayed a high spatiallipréaboss the study

area.
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In the Lower Murray region, average carbon sequestration rates decreased for both hardwood
and environmental plantations under each of the climate change scenarios. Modelling of oll
mallee over 6 years also displayed decreaseavierage productivity under warming and drying

conditions.
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4.3Modelling Species Vulnerabtly under Climate Change

Climate change is likely to have significant effects on the distributions of many native plant
species which may shrink, expand and/orftshineir geographicrange (Santos et al., 2009;
Schneider et al., 2007; Vos et al., 2008pme species will become more vulnerabl@atural
migration is hindered by landscapes altered by hum@vianning et al., 2009)Hence, argeted
conservation is required to facilitate adaptati@amd migration especially for the most sensistive

native species.

Three distinct components of vulnerability have been identified includkmpsureto the stress,
sensitivityto the stress, and the ability to adapt to the stressagiaptive capacity{Adger, 2006;
Crossman et al., 2012; Schneider et al., 2007; Williams et al.,. 2088y studies have examined
these components separately, bugaently, studies have integrated the exposure, sensitiabg
adaptive capacity components of vulnerabili€arvalho et al.,, 2010; Crossman et al., 2012;
Thuiller et al., 2005)

We modelled the vulnerabilitpf 285 native plant speciesn the fragmented agricultural Eyre
Peninsula NRM regioander three climate change scenarios (S1, S2 ands88)Section 3.1)
using a methodology developed for the Lower Murrayhich incorporates these three
componentsof vulnerability (Crossman et al., 2012; Summers et28l12). Species distribution
modelling was used to predict how individugpeciesmay move or shift geographically under
climate changeWe then assessed the effis of includingvarious combinations oéxposure,
sensitivity and adaptive capaciiy complementaritybased spatial conservation priorities for

reducing vulnerability

4.3.1Data

Spatial layers of five independent environmental variables were used to predict habitat

distributionin both the Eye PeninsulgTable 2 and the Lower MurrayTable3);

Soil clay content
Soil pH
Temperature

Rainfall

=A =4 =4 =4 =

Solar radiation

The two ®il variables (clay content and pH) were extracted from the Australian Soil Resource

Information SystemASRIS)ASRIS, 20038} a scaleof 1:100 000The three second Shuttle Radar
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Topography MissiofSRTMXigital elevation nodel (DEM)was used to model solar radiation
using theArea Solar Radiatiotool within the ArcGIS 9.®olbox (ESRI, 2009andto model nmean
annual temperature and precigition layers witin the ESOCLIM module ANUCLIMHoulder et

al., 1999) Theselayers were used as the historical or baseline clim¢g®) Annual mean
precipitation and anual mean rainfall under the three climate change scengi®ls S2 and S3)
were created by adjusting the baseline climate layers by the relevant temperature increase and

precipitation decreasésee Chapter 3)

Biolagical data was sourced from the Southsfalian Department of Environment and Natural
Resourcesln the Eyre Peninsulahis databaseconsisted of365 269gec-located, pointbased,
presenceonly records of4 776plant species ovef 897 unigue sites. This database was refined
by omitting nonnative species, watedependent species, and species with less than 40 recorded
observations. The refined database includ2gb species with62 692records over2 46Qunique
sites.In the Lower Murray this database held7 839 geclocated, pointbased, presereonly
recordswith a total of4 410 plant species over 364 unique sitesLike the Eyre Peninsulais

was refined by omitting nomative species, watetlependent species, and species with less than
40 recorded observations. The refined database inaduBi84 species with 173,557 records over

27,810 unique sites.

4.3.2 Methods

Exposure

The exposure of plant specidgs climate change can be characterised their predicted
geographic ranger distribution,and can be quantified using species distributioodels (SDMs).
These models quantify the relationship between independent variables and species occurrence
based on known locationgind then predict species distributions using the independent variable
layers. We selected three diverse models commonly usepredict species distributionsach

using a different modellogisticregression(Mércia Barbosa et al., 2003; Schussman et al., 2006)
using the ArcGIS geographic information system softwgemeralised additive model&GAM)

(Elith et al., 2006; Guiseet al., 2002; Luoto et al., 200u3ing the GRASP software packaye]
maximum entropy modelsusing the Maxent packagéMaxEnt) (Phillips et al., 2006)see

Appendix7 for more details)

We predicted species distributiorfiexposure)ased on the fivendependent variables under each
climate scenario (SO, S1, S2 and S3) using the three models. Distributions were predicted under
climate change by substituting the current climate layer with the future climate layed sing

the current distributions ospecies and their environnméal corelates.For each species, we used
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the presence records and an equal number of absences randomly selected from the biological
survey sites where the species was not recorded. To counter the potential bias from the
generaton of synthetic absence data, each of the three models was run ten times for each
species for each climate scenario. For each run, unigue calibration and validation datasets were
created from the presence and absence species records through a random ZPUBOThe
validation set was used to assess the predictive accufasing area under the curve (AUC)
statistics)of individual models under the baseline climg®0) Finally, arensemble model was
developed which combined the outputs of the logistigmession, generalised additive, and
maximum entropy models into a single prediction of species distributioreach species under

each climate scenarioThe predictive accuracy was calculated for each ensemble forecast for

baseline climate SO to enableeamparison of accuracy with the three individual models.
Species sensitivity

The ensitivity of plantsto climate change can balculatedbasedon the likelyimpact of climate
change on their predictedeographic rangesThose species experiencing the apiest shrinkage

and shift in geographic range under climate change are the 1s&ssitive

We calculatedhe sensitivity of species to climate change as a scalar sensitivity waighthe

ratio of the change in species distribution to the extent of@ps distribution under each climate
change scenarifor each specieddigher sensitivity weights are assigned to those species whose
spatial distribution was projected to contract or shift, particularly if their geographic range is
already limited. Specgewith an extensive distribution receive lower sensitivity weights, especially
where distributions are projected to increase under climate chafgge Appendix 7 for more

details).
Adaptive capacity

Adaptive capacity can bguantified & & LJS O At raigateltadaidt caléhi@e new habitat
under climate change scenarioas future geographic ranges may be spatially dislocated from
current locations. This can be quantifieding a dispersal kernel from current known species

locations.

We calculatedhe dispersal potential for each speciesder each climate change scenario (S1, S2
and S3)to provide a measure of adaptive capacity. This was calculated using a negative
exponentid dispersal kernel based on theuclidean distance to the nearest known looatiof

each speciesThe negative exponential function creates a dispersal potential layer with values

ranging between zero (cells that are far away) and one (cells that are close by). Thus, a higher
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potential dispersal score is assigned to areas closkntevn species locatior(see Appendix 7 for

more details).
Calculating and evaluating spatial priorities for mitigating species vulnerability

In order to reduce species vulnerability to climate change, the componrexgosure, sensitivity,
and adaptivecapacity, need to come together to inform spatial priorities for conservation actions.
Spatial priorities for conservation may be most effectively identified through the principle of
complementarity, such that each unique element of biodiversity has anmim level of

representation.

We used the conservation planning software pack#@geation(Moilanen and Kujala, 2008Ix)
identify priority areas for reducing species vulnerability under the three climate change scenarios
S1, S2 and Sand assesskthe levels of species representation in these priority ar@asation
uses a complementarithased algorithm which iteratively removes cellenfi the analysis that
incur the smallest marginal loss in conservation value (species representéitiailanen and
Kujala, 2008a)This software includes a range of methods for identifying and evaluating the
selection of conservation areas. It alsitows for the inclusion of supplementary informatisach

as species weights, conservation costs, #mel location of existing reservefn this study, we
undertook corearea Zonation analyses to identify spatial conservation priorities under the three
climate change scenarios. Ceagea Zonation is designed to identify solutions that prioritise high
quaity locations for all species while still accounting for ptjoweights attributed to them(see

Appendix 7 for more details).

To assess the impact of including individual components of vulneraleiposure, sensitivity and
adaptive capacity)we calalated spatial conservation priority layers using Zonation at four levels

of analysis:

1. Exposure, sensitivity and adaptive capacity (exp+sens+ad) vulnerabilityframework
which includes potential distribution layers multiplied by the dispersal pat¢fior each
species, and weighted by species sensitivity

2. Exposure and adaptive capacity (exp+a€ptential distribution layers multiplied by the
dispersal potential for each species, with no species weighting

3. Exposure and sensitivity (exp+sen$)otertial distribution layers for each species (not
multiplied by dispersal potential), weighted by species sensitivity

4. Exposure only (exp)Potential distribution layers for each species (not multiplied by

dispersal potential), and no species weighting
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We quantified the degree of correlation in spatial conservation priorities between the four layers
output from these four levels of analysis. To minimise spatial autocorrelation we extracted 200
N} YR2Y LRAYGaZ K Sypair@isef coroation Gietients Hétvdekn? spadial
conservation priority layers. This was repeated 1,08(®s and the mean and standard deviation

of the correlation statistics presented.

We also quantifiedthe level ofrepresentation of eachspecies achieved by each lay&uUC

statistics were calculated based on species representation cutwesguantify a threshold
independent measure of species representation by priority areas for each level of analysis and
scenario For a given scenariond level of analysis, if a particulapexies exhibits better than

I SNF 3S NBLINBaSyidlGAz2y o6& O02yaSNBIFGAZ2Y LINR2NR
reflects belowaverage species representation in spatial conservation priof#tes Appendix 7 for

more details).

To evaluate the impat of including components of vulnerability, the mean level of representation
was graphed and the mean AlW@lculated under each climate change scenario and level of

analysidor three indicators:

1 all species
9 the 50 mostsensitive species

1 the five wost-performing species

4.3.3Byre PeninsulaResults

Species/ulnerability: exposure, sensitivity, and adaptive capacity

The generalised additive model (mean AUC = 0.830;+%.D90) had the highest accuracy of the
three individual species distribution modelsed in the analysis. This was followed by MaxEnt
(mean AUC = 0.771, SH0.129) and then the logistic regression (mean AUC = 0.769£S.D.
0.105). The ensemble model, which combined the three individual models performed better than

all of the individuamodels (mean AUC = 0.832, S[.089).

Each of the individual models and the ensemble returned declining species distributions under
each of climate change scenarios when compared to the current climate. Using the generalised
additive model 140 (48.7%)154 (53.7%) and 151 (59.6%) species had decreased distributions
under the mild, moderate and severe climate change scenarios respectively. Similarly, using the
logistic regression 128 (45.0%), 131 (45.6%) and 123 (42.9%) species had reduced projected
distributions while for MaxEnt the numbers were 244 (85.0%), 248 (86.4%) and 252 (87.8%). The
combined numbers for the Ensemble prediction were 150 (52.3%) 160 (55.7%) and 152 (53.0%).
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The ensemble model projections were chosen for subsequent analysis leetiays provide a
compromise between the inherent bias within the individual models without jeopardising model
predictive ability. Ensemble projections for all but one species were sufficiently robust for one
species (total n = 285) was sufficiently rob(BUC2 0.6) for further analysis. The projected area

of species distributions was calculated as the weighted sum of grid cell probabilities from the
ensemble model. Under the current climate these ranged from 3836 f#émXanthorrhoea

semiplanato 46,138 kn® for Austrostipa nitida

The sensitivity weights assigned to each species during the species distribution modelling ranged
between 0.04 and 12.1 for the mild scenario, 0.08 and 216.8 for the moderate scenario and 0.08
and 1056.0 fo the ®vere scenarioFigure 35A f £ dzZa G NI GS aLISOASaQ NI y3

weights.
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Figure35: Examples of modelled species distributionsthe Eyre Peninsulander climate change and

resultant sensitivity weights

Examples of adaptive capacity, and adaptive capamiybined with exposure, under current

climate, and the mild, moderate, and severe climate change sceramégsresented in Figure 36
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Blennospora drummondii Einadia nutans Stackhousia monogyna

Adaptive capacity

Current climate (S0)
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Figure 36 Examples of adaptive capacity, and adaptive capacity combined with exposure under current

climate, and the nild, moderate, and severe climatehange scenariof the EyrePeninsula
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Calculating and evaluating spatial priorities for mitigating species vulnerability

Figure 37shows spatial conservation priorities based on the four levels of analysis (exposure,
sensitivity and adaptive capacity; exposure and adaptive capacity; exposure and sensitivity, and
exposure only) under thehree climate change scenarios. . Using all three components of
vulnerability (exposure, sensitivity and adaptive capacity) prioritasmeere largely identified in

the west, east and south of the EP NRM region under the variouatel change scenarios (Figure
37a-c). For the most part the prioritisation identified large contiguous areas in the east and south
with more localised priorityn the central and western pts of the study area (Figure &¢). The
eastern priody areas coincide with an areaf slightly higher elevation. Under the mild climate
change scenario there were more priority areas identified in the west and centreeoéttidy

area. Under increasing warming and drying (moderate and severe climate scenarios) there were
fewer priority areas in the west and a higher concentration in the south and east. This can be seen
comparing the prioritiations under themild (Figure 3#), moderate (Figure 37b) and severe

(Figure 3¢€) climate change scenarios.

Omitting sensitivity from the analysis (i.e. exposure and adaptive capacity layers only) created
spatial conservation layers with priority areas dispersed through the landscdleetieg the
influence ofthe dispersal kernel (Figure &7). Omitting adaptive capacity from the analysis (i.e.
using exposure and sensitivity only) resulted in a overall pattern similar to that achieved with the
full vunerability framewak (Figure 3@-c), but with some significant local differences. Omitting
both sensitivity and adaptive capacity (i.e. using exposure onlyre=gji+) results in a similar
prioritisation as those calculated using exposuaed sensitivity alone (Figure &%) but with

reduce spatial contiguity.

Correlations between spatial priorities calculated based on the full vulnerability framework,
exposure and adaptive capacity, exposure and sensitivity, and exposure only, under each climate
change scenario were largely found to Wweek (0.416) to moderate (0.757) (Taldl@). There is

one exception to this where a strong correlation (0.840) under the mild warming and drying
scenario between the spatial priorities calculated with exposure and sensitivity and exposure

alone.
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Figure37: Spatial conservation prioritiesn the Eyre PeninsulaThese weraletermined using exposure,
sensitivity and adaptive capacity (vulnerabilityfp-c); exposure and adaptive capacity-{§i exposure and

sensitivity (g-i); and exposure only {f)
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Table10: Mean and standard deviation of correlation coefficients between four levels of analysis under

the three climate change scenarias the Eyre Peninsula

Mild scenario (S1) Moderate scenario (S2) Severe scenario (S3)
EXxp. Exp Exp.
Level +sens. Exp. Bp. +sens Exp. Exp. +sens. Exp. Exp.
+ac. +sens. +ac. +sens. +ac. +sens.
+ac. +ac. +ac.
0.710 0.611 0.514
Exp. + ac.
+0.036 + 0.047 + 0.055
0.726  0.475 0.716  0.426 0.757 0.416
EXxp. + sens.
+0.040 £0.057 +0.041 £0.060 +0.033 *0.062
Ex 0.674 0.510 0.840 |0.575 0427 0541 |0.505 0457 0.545
P- +0.045 +0.030 +0.030 | +0.054 +0.061 =+0.050| +0.054 +0.059 =+0.056

Comparing the species representation curyeggure 38 and AUC indicators (Tahld) reveals
variation in species representatioly lspatial conservation priority areas calculated using different
componentsof the vulnerabilityframework. Omitting sensitivity in the identificatioof spaial
priorities (Figure 38f, Table1l) reduced the mean representation of the 50 most sensitive
species by 6.5 8.3% across the three climate scenarios. However, this also increased the mean
representation of the 5 worst performing species (the mean of the five species with the lowest
representation in the landscape) by between 14.36.0% and had anarginal impact on the

mean representation of all specied 4¢ 2.4%).

Omitting adaptive capacity in the identificatiaf spatial priorities (Figure 88, Tablell) had a
limited impact on the 50 most sensitive specigsg9¢ -3.1%). However, thisduced the mean
representation of the 5 worst performing species by 1.59.3% and had a variable impact on

the mean of all species4.6¢ 1.8%).

Omitting both sensitivity and adaptive capacity in the identificatadnspatial piorities (Figire
38j-l, Tablel1l) reduced the mean representation of all species and the 50 1s@ssitive species
by 4.8¢ 9.6% and 4.4 8.9% respectively. The impact on the mean representation of the 5 worst

performing species was highly variabig.¢ ¢ 15.0%).
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Proportion of species distributions captured by priority areas
a.) S1 exp+sens+ac b.) S2 exp+sens+ac c.) S3 exp+sens+ac
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FHgure 38 Species representation curves for spatial conservation priority layers calculated under each of
the four levels of analys and three climate scenarias the Eyre Peninsula
The coloured lines indicate the mesensitive (i.e. highest sensitivity weighiisyed through to least

sensitive (lover sensitivity weightsin blue
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Tablell: Indicators of species representation (AUC) for conservation priority layers calculated using

different components of vulnerabilityin the Eyre Peninsula

Mild scenario (S1) Moderate scenario (S2) Severe scenario (S3)
Exp+ Exp+ Exp+
Layers sens Exp+ Expt Exp | sens Exp+ Expt Exp | sens Exp+ Expt Exp
ac sens ac sens ac sens
+ ac + ac + ac
Mean all
species 0.540 0.553 0.515 0.514| 0.541 0.550 0.551 0.505| 0.555 0.547 0.545 0.502
50 most
sensitve 0.721 0.674 0.716 0.689| 0.708 0.657 0.698 0.659| 0.673 0.617 0.652 0.613
Mean 5
worst 0.391 0.447 0.327 0.369| 0.363 0.450 0.293 0.372| 0.313 0.457 0.280 0.360
performing

4.3.4Lower MurrayResults

Speceis vulnerabilityexposure, sensitivity, and addjve capacity

Looking only at the three individual modelbetgeneralised additive model (mean AUC = 0.8565,
S.D. £ 0.0820) and the maximum entropy model (mean AUC = 0.8535, S.D. + 0.0811) performed
best over the 584 species tested, followed by logistigression (mean AUC = 0.8038, S.D. +
0.0918).Under all of these models declines in area in species distributions were projected for
most species. Declines 876 (64.4 %), 355 (60.8 %) and 359 (61.5pPéties were projected

under logistic regression, 34%9.8 %), 353 (60.4%) and 360 (61.6 %) under the generalised
additive model, and 272 (46.6 %), 304 (52.1 %) and 335 (57.4 %) under maximum entropy for the

mild, moderate and severe climate change scenarios, respectively.

Similarly, theensemble model ats performed well A high accuracy assessmemas achieved

(mean AUC = 0.8498, S.D. + 0.0852) with predididines in the distribution of 342 (58.6 %),

347 (59.4 %) and 352 (60.3 %) species under the mild, moderate and severe climate scenarios
respectivdy. Despite the slightly lower AUC valder the ensemble model projections they
provided a compromise between the bias inherent in the individual models with little todidie

model predictive abilityand were therefore used in further analysMl but one of the ensemble
speciesdistribution projections6 G2 Gt pyn0 BSNBE &AdzZFFAOASYGT @
analysis. The area of projected species distributions under the current clivegealculated as

the weighted sum of grid cell probabilities from the ensemble modékeseranged from 1,357

9%



km2for Pultenaea costata to 62,475 km2 for Ptilotus Hpe ensemble model outputs were used

to quantify species exposure to climate changthin the vulnerability framewok

The sensitivity weightfr each speciewere also assigned from the ensemBleecies distribution
modelling Theseranged between 0.06 and 19.0 for the mild scenario, 0.1 and 224.5 for the
moderate scenario and 0.12 and 2994.7 for the severe scenEkamples illustratingi LIS OA Sa Q

range shiftexposureand sensitivity weightare pregnted inFigure39.

A dispersal kernel from known species locations, as determined by the biological survey database
was used to quantify adaptive capacifgxamplesllustrating the dispersal kernel arabaptive
capacity are presented in Figu#0. These maps demonstrate the higher values (dispersal
potential) closer to known location#lso providedn Hgure 40are exampleof adaptive capacity

and exposure under the current climate aedch of theclimate change scenarios.
Spatial priorities for mitigaing species vulnerability

Satial conservation prioritiesletermined using thdour levels of analysis (exposure, sensitivity
and adaptive capacity; exposure and adaptive capacity; exposure and sensitivity, and exposure
only) under the three climate changeenariosare presented in Figure 4Prioritywere mostlyin
the western SAMDB, the southern Mallee and large parts of the Wimmerassaatbscenarios
(Figure 4&-c) when identified usingll three components of vulnerability (exposure, sensitivity,
and adaptive capacity)@nservation priorityareas are largely contiguous the south and
interspersed with localised priority areas (Figda-c). There are localised priority areas in the
eastern SAMDB and northern Malléénder the mild climate scenari¢Figure4la) and with
increasing warming and dryirffmoderate and severe climate scenajitisese priority areas move
south and into areas of higher altitude. Thésevident inFigure41b (moderate scenarioand
Figuredlc (severescenario)where there ae no longer priority areas on the northern border of
the Wimmera andhere is ahigher concentration along the western and southern boundAlso,
fewer priority areasare identifiedin the northern half of the SAMDIther there areincreasing

concentrdions along the eastern Flinders Ranges and the southern SAMDB.
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Gets larger Shrinks Disappears
Panicum effusum Samolus repens Rhagodia crassifolia

Current climate

Mild scenario (S1)

w = 207.04

Moderate scenario (S2)

w = 1537.54

Severe scenario (S3)

. l 0 100 200 ki
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Figure39: Examples of modelled species distributionstime Lower Murray under climate change and

resultant sensitivity weights
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Panicum effusum Samolus repens Rhagodia crassifolia

Adaptive capacity

Current climate
exp. + ac.

Mild scenario (S1)
exp. + ac. exp. + ac.

Moderate scenario (S2)

Severe scenario (S3)
exp. + ac.

mw High v
- o A 0 100 200 km

Figure40: Examples of adaptive capacity, and adaptivapacity combined with exposure under current

climate, and the mild, moderate, and severe climate change scenarios in the Lower Murray
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Figure 41 Spatial conservation prioritiegh the Lower Murray. These werdetermined using exposure,
sensitivity andadaptive capacity (vulnerability) (&); exposure and adaptive capacity-{§i exposure and

sensitivity (g-i); and exposure only )
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