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Preface

The 34" Annual Conference of the Australian and New Zealand Regional Science
Association International (ANZRSAI) was helat the Rydges on Swanston Melbourne
conference entre from7th to 1@h December2010.A broad range of papers from academics
policy advisorsand practitionersvas presented to the conference. This publication contains
the refereed proceedings ob#econtributed papers

Participants who submitted their paper bydiedate were eligible to be considered for these
refereed proceedings. Tieewere 23papers submitted to a double blind refereeing process,
after which22 papers were acceptéor presentaon in this publication(after some changes
by some authors in response to referee comme@tsg. author asked for a paper to be
withdrawn from the conference and another presenter askbfpapemnotto beincluded in

the proceedingso that there @& 20papers irthis publicationsAs in previous conferencek,
amagaingrateful to referees for their work within a short timeframe.

A number of Awards were presented at the conference dinner. The John Dickinson Memorial
Award for best article in th&udralasian Journal of Regional Scien2810 was awarded to

A. J. Brown and J. A. Bell amy for their art.|
I nstitutional Design in Austral (Van6, Rua g al anc
pp. 153181)

The ANZRSAI Award for Best Conference Paper 2010 was awarded to Shelby Canterford for
her article ALocating peopl e spatThapapeyis 2006
the first paper presented in these proceedings, and will be reproduced amférece issue

of the Australasian Journal of Regional Scier(®®l. 17, No. 1 April 2011).

The ANZRSAI Award for Best Conference Paper by a Current or Recent Student 2010 was
awarded to Ralph B. McLaughlin for News pap:
Housi ng Suppl vy: Evidence f Thes npapek wal talsca bei a 6 s
reproduced in the conference issue of #estralasian Journal of Regional Sciendéhe

committee also highly commended two other entrants for this Award: Karim Mérdane

his paper fAClustering Australian Regional Al
CampbeliEllis for his paper caut hored with Tony McCall i St
Pl atform Methods for Constructing I nnovation

At the conference dinner, the ANZRSAI Council presented Professor Christine Smith with its
rare Distinguished Service Award. The citation for this Award, delivered by Professor Tony
Sorrensen, will be printed in the conference issue ofAllralasian durnal of Regional
ScienceThat issue will also reproduce the keynote addresses delivered at the conference.

Finally, | thank all the participants for their participation in ouf’ 3hnual Conference
particularly those who had travelled some distancattend The international community of
regional science scholars is strengthened when people gather to share their research and
expertise at conferences such as this.

ProfessorPaul Dalziel
Editor, 34" Annual ANZRSAI Conference Proceedings
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Employability and Labour Underutilisation in
Non-Metropolitan Labour Markets:
Individual and Regional Labour Market Factors

Shelby Canterford

Geoscience AustraliaCanberra

shelby.canterford@ga.gov.au

ABSTRACT

The National Exposure Information System (NEXIS) is a major national project being-under
taken by Geoscience Australia (GA). NEXIS collects, collates, manages and provides the
information required to assess milizard impacts. Exposure information is defimeda

suite of elements at risk from a hazard and includes populations, buildings, businesses and
infrastructure. Understanding population exposure is essential for emergency planning and
management. However exposure information can also be used for tanderg climate
change risk, assessing energy efficiency policy, urban planning and other spatial research.
This paper focuses on the population aspects of NEXIS and recent work on estimation
methods for the present day over any geographic extent. Plangofa on small area
population estimates to the year 2100 will also be presented. Finally future work on activity
modelling, the prediction of population movement throughout the day, will also be
highlighted.
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| NTRODUCTION

Knowing the location of people is crucial to understanding disaster risk.ifRidisasters,
according to Crichton (as discussed in detail in Middelmann, 2007, p. 33), is described as the
probability of loss. Risk has three main factors which are normally portrayed as a triangle:
Hazard, Exposure and Vulnerability (Figure 1). Hazarthe event, for example a cyclone or
bushfire, which is usually measured by magnitude and likelihood of occurrence. Exposure
refers to the elements that are likely to be impacted by the hazard and includes populations,
buildings, businesses and infrasture. Vulnerability is the degree to which exposed
elements will be impacted by the hazard. By changing any one of the three factors, you
change the level of risk.

The 6Sea changed and OTr e-igratioraincrgasiog inpchastal o me n ¢
and rural areas. These population increases mean increased population exposure to hazards
such as cyclones, storm surge and bushfires. With many climate change scenarios predicting

—
|_\
| —
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an increased number of hazard events with greater severity, and with edcexa®sure, the
expected community risk is also potentially much higher.

In 2004 the Council of Australian Governments (COAG) accepted a report reviewing disaster
arrangements in Australia (COAG, 2004). The report made 12 natural disaster reform
commitments. Geoscience Australia (GA) established the National Exposure Information
System (NEXIS) in response to the commit meni
of data collection, research and analysis to ensure a sound knowledge base on natural
dsasters and disaster mitigationo

Figure 1 The Risk Triangle

Hazard

NEXIS is a nationally consistent database of exposure information at the building level.
NEXIS aids risk assessments and scenarios for a number of hazards and feeds into hazard and
vulnerability models. NEXIS was designed for regional impact analysis, and is not intended
for precinct analysis involving only one or two buildings. However future data collection may
allow this kind of micro analysis (Nadimpalli, 2009).

This paper presents tlpeopleaspects of NEXIS to highlight the usefulness of this dataset
and to allow scrutiny of the method. The population estimation method is presented and the
social indicators that are currently being added are discussed. This development work is
largely complet and GA is seeking feedback on the technical aspects as well as the
usefulness of the data. Initial work on the spatial disaggregation of population projections,
activity modelling and service populations are also presented to highlight the forward work
program and to gain initial feedback on methods.

2006:A DATA ODYSSEY

Hazards are not known for conforming to administrative boundaries. The Australian Bureau
of Statistics (ABS) uses features in the landscape to determine the boundaries of their smallest
unit, the collection district. As such many boundaries in the Australian Standard Geographic
Classification are along rivers or along the edges of vegetation (ABS, 2007), areas prone to
disasters. To accommodate the variability of hazard footprints it p@riant to have a
method of estimating exposure that is as flexible as possible. This generally requires that all
data, including population estimates and s@donomic indicators, need to be allocated to

the building level. An example of the problemligstrated in Figure 2.

Figure 2(a) illustrates a typical city built on a river. The collection district boundaries
(indicated by the dotted lines) are determined by features in the landscape, in this case the
roads and river. In our example the riverofiis, resulting in the damage footprint illustrated

in Figure 2(b).
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One way of easily determining the population, and dwellings, contained within the flood
footprint is by capturing the data for all CDs within the footprint. However this approach
results inall CDs having equal influence on the total regardless of whether the population
represents 1 per cent or 100 per cent of the actual population. Taking a proportion of the CD
based on the area flooded may improve the accuracy of the total. Althoughstinises that

the distribution of the population within the CD is homogenous. When the population data is
allocated to the building, the situation is improved by a populateighted total for the

flood footprint.

Figure 2 Example of the Hazard Problem

ooo

o
000 |qmpl 200
ool

Figure 2(a) Figure 2(b)

NEXIS data is managed at the building level but only released at an aggregated level.
Standard outputs of NEXIS are aggregated to Local Government Areas (LGAs), Statistical
Local Areas (SLAS) or to specific footprints. Withyagocial data there are concerns about
identifying individuals. There are also concerns about users misinterpreting the accuracy of
the data when Census data is allocated to a building. These concerns are addressed when the
outputs are aggregated.

It is na intended to discuss the architecture of the full NEXIS system here as this has been
published elsewhere (Nadimpalli, Edwards and Mullaly, 2007; Nadimpalli, 2009). However,
this paper gives a brief overview of the identification of dwellings, as thekegrdo the

NEXIS estimation of populations. The accuracy of the population estimates is dependent on
the quality of the dwelling input data, or the accuracy of the statistical method applied.
NEXIS initially determined building use and type using a pusédyistical method. However
NEXIS is now moving toward using real dat a,
using survey data, data purchased from commercial providers and local council data. The
NEXIS team is currently actively engaging autkies to provide this data for a wider area.

The main input data sets for the statistical method of identifying buildings and their dwellings
are the Geocoded National Address FileN&F), ABS Meshblock land use classification,

and the Property Cadastrethwthe location drawn from ®l A F . I n rur al areas
Geographic Information Group provides 1:25,000 map data of homestead locations.

G-NAF is a national geocoded index of all known addresses in Australia. The data is
maintained by PSMA AustraiLimited (PSMA, 2010). The Property Cadastre is the register
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of individual land parcel boundaries. The Cadastre is maintained by state/territory authorities.
The ABS Meshblock geography contains a category for basic land use. The land use
categories areatived from state and territory planning/zoning information so may reflect
planned land use as opposed to actual use (ABS, 2008).

While NEXIS uses ABS Meshblocks to determine land use, the size of the Meshblocks are
too large to discern fine details. Fotagple all dwellings in commercial or industrial areas

are classed as commercial or industrial. Similarly, businesses within residential areas are
classed as dwellings. Institutions such as schools, hospices or hospitals that do not have their
own Meshblok are also misclassified in this way. The population and dwelling counts within
the Meshblock attributes can help this situation, but without supplementary data it is difficult
to definitively locate the dwelling. To mitigate this problem NEXIS is curyergplacing the
statistical method with data derived from direct surveys or development plans.

The NEXIS statistical method defines a residential building as theNAKsaddresses that

fall within Residential or Agricultural Meshblock classifications. Tiesidential dwelling

type (as per ABS dwelling structure type) is then determined by the numbeN&FG
addresses and the size of the Cadastral parcel in which it falls. This process is derived using a
lookup table. For example, a singleN&F address om Cadastral parcel 352000 nfis a

single house but 31 addresses on the same Cadastral parcel would be an apartment of four
storeys or above. Dwellings refer to the individual residences or addresses. Each building is
attributed with one or more dwellingdepending on the structure type. Separate houses
contain only one dwelling for each building, but the other structure types;dsetached
houses, flats and units, contain two or more dwellings for each building according to the
number of GNAF addresses

To calculate the population at the building level an average population per dwelling structure

. . Peopl .
type (DWSTR) is calculated using the 2006 Cen:%{’fs). The dwelling structure

types are drawn from the ABS Dwelling Classification anduide separate house; semi
detached, row or terrace houses; flats and units; and other dwellings including caravans and
houseboats. The average population per dwelling type is multiplied by the numb&tAF G
addresses at the building level to derive aypaon per building (Equation 1).

_ .. aPeople, Q
POPgiaing = A &ﬁs NEXISDWSTRE 1)

Where Pop,,;4,, denotes the population of each buildirigeople,,, s the number of people

per dwelling structure type in each CD, DWSTR is the number of dwellings by structure type
in each CD, andNEXIS, 51 is the NEXIS count of dwellings for each building.

2010:0ODYSSEY TWO

Since the initial development of NEXISalidation of population estimates has led to a
number of improvements. Some of these changes have been focussed on improving the input
data for determining building type. However, over the last year changes to the way the
population is estimated have @lsccurred. The NEXIS team are also in the final stages of
adding social characteristics to the database.
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Not every house is a home

Calculating populations on the basis of the number of dwellings is problematic. The
underlying assumption of the basic nmattof population estimation is that every dwelling is a
primary residence. This is not always the case, particularly in coastal or lifestyle regions
where many dwellings are holiday or second homes. The population estimate in NEXIS is a
residential popul@&n estimate, so dwellings that are not primary residences need to be
excluded.

The number of holiday homes in a region can be determined through data collected as part of

the Census. The time and date of the Census is such that people are more likely fodt
homeo, that is in their place of primary r es
be unoccupied on Census night. Census collectors record when a dwelling is unoccupied and

the structure type of the dwelling. This data is available byesiqhrough the ABS.

Figure 3 Unoccupied dwellings for Coastal Victoria covering the LGAs of Mornington,
Casey, Cardinia, Bass Coast and South Gippsland

Flinders

Phillip Island

Legend

Unoccupied dwellings as a proportion of all dwellings
I:I 0% - 8% Cape Paterson Venus Bay

[ 9%-17%
B = - 32% .
. Walkerville
33% - 5B%
I 5% - 56% 036 12 18 24 A

| RNk < ometers

An analysis of the unoccupied dwellings data presents no surprises in terms of spatial
distribution, but some surprises in the numbers of dwellings. In locations like Phillip Island,
the number of dwellings unoccupied on census night can be up ilnirds of the dwelling

stock. Figure 3 maps the proportion of unoccupied dwellings on Census nightrtfaf pa
coastal Victoria to illustrate the scale of the phenomenon.

The unoccupied dwellings data can be used to estimate the proportion of the dwelling stock
that is a primary residence. The new population estimate could be calculated by dividing the
avera@ number of people per structure type by the total dwelling stock, that is the occupied

and the unoccupied homes. However due to the way NEXIS is structured, it calculates a ratio
and applies it to the population (Equation 2).
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~ . é P~
People, stk oU People,sr, DWSTR g @)

Unocg,, =
Gatio %WSTRFUnOCCDWSW & DWSTR DWSTR-UNOCG,ysres

Where Unocg,,, denotes the unoccupied homes ratldnocg,,s; is the number of

unoccupied dwellings by structure type for each CD. This is called the Unoccupied Homes
Ratio, but in reality it is a ratio for estimating the propmrtof occupied homes or primary
residences.

Estimated Resident Population

Some people are not counted in the Ceristisey do not complete Census forms, because
they were overseas at the time of the Census or for other red$mnsfficial population

esimate for Australia, Estimated Resident Population (ERP), accounts for these differences.
The number of people who do not complete Census forms is estimated by the Post
Enumeration Survey. The number of Australian residents travelling overseas is estimated
using passenger cards. Other, smaller, demographic adjustments are made to the population
estimate. Finally the estimate is backdated to June 30 (approximabelyegks before the
Census is taken) by adding or subtracting deaths, births and migratiathé&tcadjustments

are made to the estimates for a Census year (ABS, 2009). Table 1 shows the adjustments
made in 2006 to calculate ERP.

Table 1 Adjustment components of Estimated Resident Population,
Final 7 30 June 2006

Components Australia
(persons)
Census count place of usual residence 20,061,600
Plus allowance for undemumeration 549,000
Plus demographic adjustment -14,300
Plus residents temporarily overseas 346,000
Equals ERP as at 8 August 2006 20,736,600
Backdating components to 30 JWERO6:
Less births 29,300
Plus deaths 15,600
Less net overseas migration 25,000
Equals final ERP as at 30 June 2006 20,697,900

Source: Reproduced from table 2.1, ABS (2009).

The NEXIS population accounts for the difference between ERP and the Glermigh a
simple ratio of the Census year (in the current case 2006) ERP over the Census population
total for each CD (Equation 3).

ERP 3)

ERP, =———
PeOpl%m

ratio
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Where ERR,,,
CD.

ERP for the intecensal years is not used in the NEXIS application. ERP following the
Census is estimated using data such as Medicare records, birth and death records, postal
redirections and building approvals. For each ydtrdhe Census, more errors can be
introduced, with areas of high population growth or decline showing the highest errors (Howe
2008). Once a Census has been completed, the ERP for theeinsait years is recalculated

by the ABS to the new benchmark.

NEXIS allows for the spatial distribution of population change through changes in dwellings.
The statistical method of NEXIS using addresses, cadastral boundaries and detailed land use
accounts for many population changes. One change not accounted fdmisgléousehold

size.

denotes the ratio to adjust for ERP, &swple ., thetotal population of the

An analysis of the average household size using the Census Time Series Profile between the
last two Censuses shows no change nationally, however some regional areas can greatly
differ. Between 2006 and 2001 three quarters of SLA® i population of 50 or more
showed household size declining by less than 0.2 people. One in seven SLAs of population 50
or more showed an increasing population size.

The size of the NEXIS error caused by declining household size increases eachgwangioll

the Census, with the maximum error occurring in the new Census year (before the data is
released). We can calculate the error but only for the-ceesal period before the latest
Census. To understand the maximum size of the NEXIS error for 2086m¢he change in
household size multiplied by the number of households for each SLA. Nationally there is an
overestimate of 310,000 people, less than two per cent of the population. It may be possible to
adjust for the error by using the trends exhibitetiveen the previous two Censuses, in this

case between 2001 and 2006, however this assumes that the trends do not change between
repeated Censuses. Nationally the average household size declined from 2.7 to 2.6 persons per
household between 1996 and 2080t remained stable between 2001 and 2006, so the
assumption of a continuing trend does not hold. Without a regular estimate of the number of
households, it is difficult to see a way of accurately correcting the error.

Total population estimate

The totalpopulation estimate at the building level is calculated by combining equations, 1, 2
and 3 (Equation 4). The aggregation of building numbers provides a total population estimate
of an area, based on the current building stock.

(4)

Bbo

_ .. aPeople,
I:)Opouilding - a ?ﬁa UnOCq'atio 3 EREatio 3 NEXISDWST :

NEXIS captures changes in the dwelling stock that occur after the Census due to new
construction or redevelopments. To account for areas where changes mean that the
appropriate structure type is not available from Census data, or even areas that preatbusly

no dwellings of any kind, average values are applied in the following order:

1 Average population and Unoccupied ratio for the CD
1 Average population and Unoccupied ratio for the SLA
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Remote and Indigenous communities

G-NAF does not represent remote agewell. This is particularly the case for Indigenous
Communities where the community may have one address and one Cadastral parcel for the
whole community. Many of these areas have been identified through the Indigenous Profile
from the Census. In thesases data from the Census is used as a count for the number of
dwellings and population estimates. However, since the exact location of the dwellings is not
known and it is unknown where the community resides at different times, it is recognised that
thismethod is not ideal for dispersed or mobile communities.

Validation

The development of the population aspects of NEXIS are considered largely complete. The
NEXIS team have been conducting validation of the 2010 population estimates against ERP
for 2009 atthe CD level. We cannot compare ERP with the 2009 NEXIS estimates because of
the number of improvements made to the estimation technique in the last year. While the
population estimate compares well in total, some CDs can have large differences. Some
differences are not due to errors in the NEXIS estimations. Rather they highlight that the
strength of NEXIS, areas of new or high growth, can address a known weakness of ERP
(Howe 2008). However, NEXIS can be inaccurate in some areas. These inaccuracies are
largely related to the statistical approach for identifying dwellings. As real data is obtained
and accurate land use data replaces the statistical approach, NEXIS population estimates will
increase in accuracy. GA is in discussions with the ABS to helpowapthe population
estimates further, but it is expected future improvements will come from improved land use
and address data only.

Social characteristics

Increasingly requests for data include a need to understand the characteristics of the
population. $cial characteristics need to be applied to the building level for the same reason

that population estimates are applied to this scale. GA is in the process of incorporating a
number of social indicators drawn from Census data. The indicators have het#frecden

the literature as having an impact on social vulnerability to disasters. Appendix 1 lists the

indicators, their measurement, and a selection of the relevant literature.

The social indicators are allocated to dwellings by assigning the propoftowellings that

exhibit that characteristic to each dwelling. For example, the proportion of dwellings in the
CD that do not have a motor vehicle is allocated to every dwelling in the CD. This requires
many of the indicators to be transformed to a dnglformat. Households were considered
equivalent to dwellings for this purpose. Some indicators are already measured in this way; no
access to a motor vehicle and household income are two examples. However person based
variables are available on a dwefjibasis from the ABS on request. The table in Appendix 1
details how the indicators are measured. In some cases the interest is in dwellings where any
one person is at risk, such as dwellings that contain any one aged under 5. In others we are
more interetd if all residents are at risk, such as dwellings where all residents are aged over
65.

Allocating proportions to dwellings results in extremely small numbers for each building.
This is especially so for the smaller spdpulations such as the indicatof those with
insufficient English. However, as the buildings are aggregated to larger areas the results
become meaningful. Aggregating to ASGC boundaries produces the results that GA started
with, Census data. However the power of NEXIS is that aggregatm disaster footprints

lead to more accurate results that could not otherwise be obtained.
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2100:FINAL ODYSSEY

Population estimation for the seemingly distant future is not often conducted for small areas.
However, expected climate change has pusheglmning horizon out to 100 years and
more. Increasingly, planners and policy analysts want to know where the population is going
to be when the real effects of climate change are expected to be felt. While it can't be known
for certain the trends that @emine where people prefer to live in a 100 years, causing 100
year population projections at any level to be inaccurate, having some projections provides
better information than none.

Previous worked conducted by GA for the Garnaut Climate Change Review (Waters, Cechet
and Arthur, 2010 provides a summary of the method and results) projected the regional
popul ation in proportion to the Auagpdlaticml i an
projections. There are two main problems with this method. The first is that akgiobs

within the projection regions are assumed to grow at the same rate. The second is that the
urban boundary was assumed to remain the same, and popuateity increased to
accommodate growth rather than spatially expand the settlement.

In partnership with the Australian Government Department of Climate Change and Energy
Efficiency, GA is embarking on a project to develop a method for assessing papulatio
growth that takes into account the spatial growth of settlements. The method will then be
trialled on a case study basis. Local development plans will be fundamental to assessing
growth areas, as are state government and ABS population projections.afiosv@n within

these areas, growth is likely to occur unevenly. It will be necessary to use spatial
disaggregation techniques to accurately distribute the population growth.

One approach which shows potential is the use of dasymetric techniques. Thod math

shown by Li and Corcoran (2010) to be a useful tool to disaggregate Statistical Division level
population projections for Southast Queensland (SEQ). Dasymetric techniques map data
into homogenous zones, often using additional data to disaggrgugtial data into finer

areas. The advantage of dasymetric techniques is that multiple classes of population densities
can be used for disaggregation.

Li and Corcoran note that improved data on current population densities may lead to
improved disaggregain. The intention is to use NEXIS data as the source to calculate
population density. Planning documents will be obtained for a case study region identifying
urban growth boundaries. These will be combined with appropriate population projections to
estimde the future location of the population.

2.36°M ON FRIDAY AFTERNOON

Using Census and housing data as a basis for locating populations during a hazardous event is
very useful for events that occur in the early hours of the morning when most of the
populaton is at home. While it is true that some events do occur at this time, obviously
hazards are just as likely to occur at other times. For this reason it is necessary to gain an
understanding of the movement of people across the day, week and year. Témnsemois

referred to as activity modelling.

An excellent demonstration of the practicality of activity modelling was conducted in Finland
(Ahola et al, 2007). This demonstration combined static data, such as the Census and building
catalogues, with a spattemporal population model. The spatemporal population model

was attached to each building in the catalogue and detailed the proportionpafpsidtions
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occupying the building by time of day and week. The population at any one time of the day is
then able to be calculated by multiplying the total building population by the proportion.

GA will be starting work on activity modelling soon. GA, in partnership with the Bushfire
CRC and University of South Australia, is looking for a suitable PhD candolatedertake
activity modelling of perurban areas to understand bushfire risk. This work will be
conducted in conjunction with a number of other bushfire modelling projects being
undertaken at GA.

Until detailed activity modelling can be completed,réhare a number of activities either
underway or planned to estimate populations at specific points of time. The NEXIS team are
currently investigating the construction of
would reflect the expected maximuravernight population if every residence and
accommodation was occupied. This estimate is particularly useful in areas dominated by
tourism and holiday homes.

The method being explored as a dAfirst cuto c
the capacity population for a study of Phillip Island and Torquay. The study commissioned by

the Victorian Department of Sustainability and Environment (Urban Enterprise, 2007),
supplemented Census data with the Tourist Accommodation Survey (produced Qy#BS)

National Visitor Survey and International Visitor Survey (produced by Tourism Research
Australia) and local tourist surveys and data.

For other areas education and employment may be the main driver of daily population
movements. City populations adgven by a weekday daytime population as people commute

from suburban areas into the cities to work. Universities and schools are also common
commuting destinations. Through the Census Working Population Profile, building data
already contained in NEXI&&nd data on schools it is possib
daytime population. This data could be supplemented with extra information on service
populations.

The concept of service populations ties together many of these concepts. Servicegpspulati
are the group of people who access services and facilities within a location. The ABS has
conducted a pilot study into estimating the service populations for five LGAs in Western
Australia. While they were able to derive estimates, the ABS concludetutther work was

out of the expertise of the Bureau, mainly because of the amount of industry liaison with
infrastructure providers, and the program was discontinued (ABS, 1999). A similar method
was used for a second study of Phillip Island, where matel waste consumption was
assessed as indicators of population (SGS Economics and Planning, 2007).

GA has established relationships with a number of infrastructure providers and is in a position
to obtain data to make estimates of service populatiorsticSiata as a base can be
supplemented with data from infrastructure providers, such as water or telecommunications
providers, to estimate the movement of populations throughout the day, week and year.

CONCLUSION

Since its inception the NEXIS system l@proved its social methods to become a useful tool

for estimating the location of populations and their characteristics. Starting with simple
population averages, major improvements include adjustments for holiday homes and the
bringing of estimates intline with ERP.
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The inclusion of social characteristics is a major advance which opens the scope of use to new
areas. Intended for disaster research, planning and evaluation, NEXIS has already been used
for policy evaluation, assessment of climate chargieand urban planning.

Early work on spatial population projections, service populations and activity modelling has
already commenced. Over the next one to two years these will significantly enhance NEXIS
and will provide further scope for research arahping.

GA is seeking feedback on the technical aspects of NEXIS and on the usefulness of the data
included already. In particular GA is looking for collaborations and partnerships with
agencies to help build the NEXIS capability. If you feel you haveedl itleat NEXIS can

meet, or can help expand the usefulness of NEXIS, please contact the author.
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Appendix: Initial social indicators to be included in NEXIS

INDICATOR

MEASUREMENT

REFERENCES

Single parent
families

Dwellings thatcontain single parent families with children unde
15

Buckle, Marsh and Smale, 2001

Young at risk

Dwellings that contain residents aged under 5

Buckle 2001; Buckle, Marsh and Smale, 2001; Yelataysi et
2009

Elderly at risk

Dwellings where altesidents are aged over 65

Buckle 2001; Buckle, Marsh and Smale, 2001; Yelataysi et
2009

Volunteering rate

Dwellings that contain a resident who volunteers

Maguire and Hagar2007

Income (three
classes)

Weekly household income: low = less than $808CD measure
of half national median for 2006); medium = between $500 an
$1699; high = $1700 or more (ABS measure of Decile 8 and

Buckle 2001; Buckle, Marsh and Smale, 2001; Insurance
Council of Australia2008; Yelataysi et aR009

New to region { and
5 year indicators)

Dwellings where all residents lived at a different address 1 or
years ago

Bushnell and CottrelR007; Li, 2009;

Tenure type (four
classes)

Tenure of the dwelling: Owned or mortgaged; Rented private;
Rented public; Other

Collins, 2005; Cutter, Boruff and Shirle2003

Not completed year
12

Dwellings where all residents have not finished year 12

Tobin, 1999; Cutter, Boruff and Shirle2003; Insurance
Council of Australia2008

Need for assistance

Dwellings that contain eesident with a core activity need for
assistance

Buckle 2001; Buckle, Marsh and Smale, 2001; Handa®06;
Yelataysi et 312009

Motor vehicle accesqg

Dwellings with no motor vehicle

Handmer 2006

Insufficient English

Dwellings where one resident addellings where all residents

speak English not well or not at all (two indicators)

Buckle, Marsh and Smale, 2001; Yelataysi e@0D9
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ABSTRACT

Clustered innovation networks, capable of delivering Regional Innovation Systems (RIS) are
important for individual regional prosperity within the new innovation economy. Local access
to susainably managed common pool resources (CPR) can provide a basis for constructing
innovationbased advantages that deliver economic, environmental andcsttcial benefits

to regional communities. The Sustainable Development Platform Method (SDPMgudya n
developed policy tool for commun#yased involvement in CPR management that networks
and embeds institutional relationships to overcome unique regional dilemmas and innovation
inhibitors and develop inimitable and neunbstitutable resource configticms. The SDPM is

an adaptation of the Regional Development Platform Method and is the result of case study
empirical research conducted in regional Tasmania. The SDPM involves nine phases, being:
(1) sustainability audit, (2) cornapative analysis, (3) comunitynetwork analysis, (4)
institutionalised governance design, (5) futurescaping, (6) platforms identification, (7) RIS
conceptualisation, (8) core process identification, and (9) knowledge management.
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1. INTRODUCTION

Hardin (1968) and otherésee Malthus, 1798, May, 2005, Meadows, 2000, Ehrlich and
Ehrlich, 1990)have argued that humans exist upon a world of finite resources, capable of
supporting a finite population. How those resources can be sustainably managed and
devel oped continues to provoke much policy
the canmons hypothesis in a proactive and solutions oriented manner by exploring options
for sustainable CPR management within a case study context of the Fleurieu Group of Islands
(FGI) and their adjacent catchments off Northwest Tasmania.

According toDietz, Ostrom and Sterii2003, p. 190990 muc h envi ronment al

C

complex societies has beBnc o mmand and c¢ o ngoveranhentdoftentackthd i r i g i

will or capacity to manage resourtdeh ecosystems in a sustainable, economically efficient
and usersupported way. DiefzOstrom and Stern (2003Pstrom and Janss€@004) and
Mwangi and Ostrom(2009) argue that selfjoverning institutional arrangements that
endogenise andiest adaptive decisiomaking, supported by mullayered governance

——
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arrangenents, can positively contribute to sustaindbRRmanagement outcomes at the local
scale.

The FGI and their adjacent catchment environments feature highly dynamic and interrelated
ecosystems that are facindgr ene@asrodpiéaneLand s , ocC
Conservancy et. al., 2006, p. 16).addition, the islands and adjacent mainland catchments

are a significant primary source of local wealth, employment andbealp (Circular Head

Council, 2008, pp. 448). Poorly considered changesntanagement policieand practices

or the continuation of O6nond management prac
and its associated flean benefits to the local community.

Human use and exploitation of natural resources within the @@l adjacent catchments
provide a significant nfBasmasian aand CGorisentatceet. al.e gi on
2006, Circular Head Council, 2008, CHC, 200Bhe use and exploitation of these resources
however, are arguably suptimal, due to a faike by local entrepreneurs to instigate and

develop successful networks of cooperative innovation, effective spatial knowledge
management systems and a lack of path dependant organisational and governance capabilities
as advocated by Heidenreich (2004) @abke (2007).

The economic value inherent within the FGI and adjacent catchments could, if sustainably
and optimally exploited, provide a source of revenue that encourages community involvement
in CPR management as well as a source of funds that couldhbd &ind dedicated to
sustainable CPR management efforts. Securing these important fiscal incentives and resources
requires a mechanism for the cooperative attainment of profits that could be procured through
the development and management of RegionaJation Systems (RIS).

Cooke (2004) asserts that innovation is a key component of the knowledge economy; and that
clustered innovation networks, capable of delivering RIS, have become a core ingredient for
individual regional prosperity. Heidenreich (2004pds that whilst existing business
institutions and processes may maintain regional revenue streams, new economic strengths
are more likely to result from the exploration of novel innovative trajectories, which,
according to Harmaakorpi and Pekkarinen O(&), p . 2) should feat ul
inimitableandnorss ubst i tut abl e resourceso.

Investigatinga new policy trajectory that habe potentialto support sustainable and self
funding CPR management, whilst enabling private economic developmentowatepa path
forward for authenticcommunitysupported and participatorggsourcemanagement in the

FGI and adjacent catchment#/e therefore argue that SDPM for CPR managencant
provide an effective policy tool for sustainable, commusiipported CR managementlo
develop the SDPM, we have utilised qualitative inputs to idemsgyes anddesign the
SDPM-based community management prodessreate a model capable efdueng conflict

and creatinggommunity supported governanigestitutions. In seldng to develop the SDPM

we first attempted to determine if local stakeholders would be supportive of comibasést

CPR management, and if they had the capacity to participate? And secondly, we sought to
modi fy Har maakor pi and G&ateth@SDPMends (2003) R

2. THEORETICAL AND METHODOLOGICAL OVERVIEW

Our research sits within the fields of regional science and public policy and draws on
deliberative democracy and collective action theories, focussing largely on the challenge of
collective adbn-based community governanc&he use of the SDPM as a tool for
participatory CPR management is supported by calls forincentivebased economic
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instruments to play a greater role in environmentanagement process€Sommerford,
2004 Commerford and Bimey, 200%Robinson and Ryan, 2003hi, 2006)

2.1 Research Limitations

Our research is concerned wi@PRmanagemenand as such excludessources located on
freehold landthat are privately owned. CPR are defined by Ostrom, Gardner and Walker
(1994, cited in Ostrom, 2005, p. 79%s6 n at u r aradeoresourgs] ffom which it is
difficult to exclude or limit users once the resource is provided by nature or produced by
humansao.

2.2 An Interdisciplinary Approach

An inter-disciplinary approach to edependent macroeconomics development is supported by
calls for increased discourse betwesmtiatconstructivists and macroeconomic sociologists

to better understand the role of economic sociology in understanding network embeddedness
and spatial relatiomgps between economic actors, instas, organisations, and culture
(Peck, 2005)P e c k260%) call for establishing a better understandingso€iceconomic
networks suggests that tihe DPM is to be applied as @sourcebaseddecisioamaking
managenent process, then locating the right actors and designing the-issiifotional
governance relatisships that support them, gsitical to developing incentive benefits arising

from innovation outcomethat lead to effective communityased CPR managente

Storper (1995) challengesregionsto organise creative institutional milieus thainstruct

0 a b s cativantage 6 i n t he gl obal economy t hat ar e
specialisation and differenti alyrcoonstrdinedaandd t h af
spatial. Storper (1995) argues that regional economic prosperity is reliant oftraged
interdependencies supported by network interactions producing shared learning and
knowledge spillovers. Thesdementsare centratharacteristics foathe RDPM approachnd the

constructed SDPMThe SDPM provides a responseSd o r mhalterigs to constructreative

institutional milieus capable of deliveringcal economic advantadey encouragindrust and

the nesting okocial interactios thatunderpinlocal innovation angupportsustainableCPR
management.

The SDPM approach aims to create such institutionalised network milieus that combine
business and industry leaders with other stakeholders-govgrnment organisations,
scientists, indigeous users, and others), for the achievement of sustainable comiipasety

CPR management for multiple outcomes. A commubéged multifarious management
response is required where coupled human and environmental systems feature complex
interacting relatnships (Liu et al., 2007) CPR management in line with sustainable
development principles affirms the need to resolve conflicts between social, cultural,
environmental and economic values in a manner that maintains resource access without
compromising futire resource conditions and availability (Randolph, 2004).

2.3Regional Innovation Systems

Regional economies and individual enterprises are competing in competitive global markets,
where businesses and communities are increasingly exposed to new andcdyraaket
environments that require them to Orestruct
i nnovat i on(Coake and Wermedavis, 2003, p. 2). RIS promote endogenous
development (Cooke, 2001) that is socially and territorially embeddagsaid 2006),

aligned with regional path dependencies and trajectories (Heidenreich, 2004), and that aim to
construct competitive advantages (Cooke, 2007). RIS can be applied as dqgrotiag tool

(Cooke, 2007) that aims to stimulate local investmantgrivate sector innovation activities
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(Cooke, 2001) supported by nested institutional relationships and governance systems (Cooke
and Memedovic, 2003) that include trust (Heidenreich, 2004), knowledge creation (Bosco,
2007) and collective action princigle(Heidenreich, 2004). RIS can provide regionally
specific resource configurations that are built on the available natural and human attributes
within the region. Within the SDPM, RIS provide a mechanism to develop the rbased
incentives that encouragparticipation and a commitment to sustainable management, as well
as providing a source of fiscal resources for the implementation and ongoing application of
the SDPM.

Cooke (2001, pp. 95354) describes an RIS as having five key components, beinghél) t
region, which is capable of supporting innovative economic developmeninii@yation
embodied through the 0 c o mmer crietawdrks dultt ano n of

0reciprocal, reput at ropematohbased linkagessamaagtars tyat t r u s t
coal esces to enable its memblearnsng padicularlyr s ue
i nstitutional |l earningdé that devel ops and
and; (5) interaction being both formal and informal communicais and association

activities that aim to ol earn, critique or g
and individual economic, commercial or commu

the identification of RIS and provide overamdi principles that can support their
construction.

To construct a RIS, Harmaakorpi and Pekkarinen (2003) advocate the use of the RDPM
approach which identifies and creates many of the conditions that support and deliver
innovative competitive advantagdsat may be capable of providing fiscal incentives and
resourcing for CPR management.

Harmaakorpi and Pekkaringf2003, pp. 2 and 6jocus on five dynamic capabilities as
important components of a networked regional innovation environment, these aree (1) t
innovative capability of the region; (2) the learning capability of the region; (3) networking
capabilities; (4) leadership capabilities, and; (5) forecasting capabilities. According to
Harmaakorpi and Pekkarinen (2003), these dynamic capabilities contat he r egi on 6 s
generate interactions and competitive resout
history and potential opportunities. Essential to their RDPM approach, and for regional
competitive capabilities, are soed@onomic netorks (Harmaakorpi and Pekkarinen, 2003)

t hat not only develop a collective vision anr
to overcome some of the uncertainties characterising the innoyatiomo c ess 6 ( Ludv a
Borras, 1999, cited in Harrakorpi and Pekkarinen, 2003, p. 4).

Har maakor pi and Pekkarinendés (2003, p . 10) f
being: (i) benchmarking through the assessment of regional innovation system theories, (ii)
background study of the industries aaréas of expertise in the region, (iii) expert panels, (iv)
assessment of future scenarios, (v) analysis of statistical and empirical information, (vi)
conceptualisation of the regional innovation system, (vii) search of core processes of the
regional inmvation system and (viii) definition of knowledge creation and management
system.

The application of the RDPM as a regional economic development tool able to create RIS has
been argued by Harmaakorpi and Pekkarinen (2003) and Harmaakorpi (2004) who draw on
their experiences applying the RDPM in Lah
management tool has not been explored prior to the commencement of this research, or
attempted in a real world context. The use of economic tools to deliver environmental
outcanes however is not new, and as Stern (2007) argues, under current global environmental
and market conditions may be exactly what is needed.
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2.4 A Role for Communitpased Participatory Management in the FGI

The PWSarecurrentlyunderresourced to effestely manae the FGI. Existing management
efforts undertaken by the PWS involve little community participation and any attempt that
seeks to involve the local community is stymied by constraints imposed by a plethora of
policy frameworks, legislation anduleaucratic barrierd~urther complicating participatory
management is the patiependent istory of community responses to management changes
that indicate shifts irmanagemensgystemscan result incommunity hostility. Collaborative
resources managemehat is communitypased and deliberative can resolve these issues and
foster network development, establish trust and deliver genuine participatory democracy
(Koontz et al, 2004).

The use of thé=Gl as a case study enables the placement of a theoretical model over a
complex and contested landscafiet could benefit fromimproved CPR management
practices.The suitability of the islands and their adjacent catchm@ntghis research is
indicated by h e  a:rcapacitysto generate a significant amount of wealth for local
businesses and indigenous user grougsneate multiindustry employment (Tasmanian

Land Conservancy et. al., 2006), and; provide significant recreational value to local
communitiesand visitors (Hudson, 2008). The area is also highly valued for its ecosystem
qualities that are threatened by recreational activities, unsustainable resource use practices,
and climate change impacts (Tasmanian Land Conservancy et. al., 2006, Hudsgn, 2008
Sharples, 2006).

2.5Data Collection

A dimensional sampling method was applied to identify target participants that adequately
represent the important conceptual variables of the research. A desktop analysis revealed that
at least33 key individual andorganisational stakeholders had engaged in a meaningful way
with CPR management of the FGI and surrounding catchments in recent years or held skills
and knowledge that could contribute to future management approaches. Of these stakeholders,
11 were idenfied as representing the identified conceptual variables, these variables being
(1) wild and farmed fisherie42) recreational userg3) indigenoususers; (4) freehold and
leasehold land managers; (5) land management authorities; (gpmemment orgasations;

(7) regional development organisations; (8) local businesses, including agricultural
enterprises, tourism operators and the manufacturing sector; (9) education and training
institutions; (10) government authorities, and; (11) natural resourc@agement
organisationsOf the 11 target participants, eight were formally interviewsidg oneto-one
nonschedule standardised opemded questions and discussions that enabled the collection

of individual stories as per Roe (1994 well as a thematexploration of issues relevant to

the researchin addition, two target participants contributed to the research throeggpih
subjectspecific conversations outside of the formal interview procdssfurther four
important stakeholders that representeonceptual variables already accounted for,
contributed through additional -thepth conversations, to explore particular facets of the
research. The resulting sample effectively represented ten of the eleven conceptual variables.

2.6 Data Analysis

A syrthesis of thematic analysis (as per Aronson, 1994) and content analysis methods (as per
Monette et al., 1986) were applied to the primary data to identify common and important
themes. The thematic analysis process identified -@ass themdased units ofnalysis.

These thematic units of analysis were then subjected to content analysis methods that defined
response categories based on coherent strings of expressed meanings and purposes and were
analysed using a values coding system that accounted fprebence or absence of themes
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and issues, and ranked their frequency. A residual category enabled the collection of
interesting or important content that was not commonly expressed by the interviewees. This
data was used to enable a rich description ofighees surrounding the management of the
islands and specific components of the theoretical SDPM.

Conclusions reached through the analysis approach were subject to a triangulated response
review that aimed to ensure the bfese identification of commothemes and elements of
interest, independent peer assessment of the analysis process and findings and, the testing of
conclusions against the current literature.

3. RESULTS

The research found thagrticipants strongly expressed the views that:RiS are under
resourced and lacking in capacity to manage the parts of the FGI currently under PWS
control; that past efforts to establish commutigsed management were stymied by vested
interests and opposition to possible conservation outcomes; ¢hBWWIS have a role to play

in the management of the FGI and adjacent catchments but that this role should be framed
within a genuine communitgased partnership model; that some form of criteria was required

to temper or frame external participation anduehce in management processes; that the
networked business and social environment within the area featured trust and increased
opportunities for collaboration between actors; that local people needed the support of
government authorities and other expedntributors to effectively manage CPR and
overcome skill and knowledge deficits, and; that flustainableextraction of economic,

social and cultural benefits from CPR within the FGI and adjacent catchments was a desirable
outcome for the management dfetarea but that the existing decisimaking processes
surrounding CPR access and use were of concern. These stakeholder insights demonstrated
the desirability of a new approach to CPR management within the FGI and directly
contributed to the design chateristics of the SDPM.

4. THE SUSTAINABLE DEVELOPMENT PLATFORM METHOD

In response to the two principle questions, being: are local stakeholders supportive of
communitybased CPR management, and do they have the capacity to participate, and; how
can theRDPM be modified to delivea cooperative process for commuritgsedCPR
management, the research has indicated that participants strongly support local community
based CPR management but lacked capacity, necessary skills and appropriate knowledge.
Answei ng t he second guestion however, first
responses in light of the contributing literature surrounding CPR management, and secondly,

it requires a critical assessment of the RDPM approach. Unfortunately, due ted limit
application examples, it is premature to undertake. In the absence of a critical assessment of
applied RDPMs, consideration has been given to its theoretical design purpose, which is to
construct regional innovation through organisational innovatiom ¢ap e o f expl oit
potenti al existing in the defined devel opmen
i n a (Hermaalonpi@nd Pekkarinen, 2003, pA.(g.

Har maakor pi and Pekkarinends (2003)pmé&dtDPM app
arguably capable of delivering RIS derived economic benefits to communities. The RDPM
however, does not aim to deliver sustainable social, cultural and environmental benefits that

are competitively beneficial in current global environmental andketaconditions. To

achieve sustainable development outcomes, a modified RDEM SDPM, may better suit

the needs of communities that place multiple values on CPR and maintain deep and connected
relationships with natural places. Such an approach cawdde communities with the
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necessary fiscal resourcing to actively manage those CPR whilst providing mechanisms for
altruistic, profit seeking and vested interest participation.

Given that research participants have clearly articulated their willingmesslesire to see
communitybased CPR management in the FGI and adjacent catchments, and to answer the
second research question pertaining to the design of a sustairaéség RDPM for
communitybased CPR management, design considerations for the SDRVbblan broken

down into four key fields. These fields are: (1) desirable outputs of a SDPM; (2) essential
inputs and characteristics of a SDPM; (3) barriers hindering the success of a SDPM, and; (4)
solutions to SDPM barriers.

4.1 Desirable Outputs of 8DPM

The empirical research and theoretical inputs indicate that a SDPM attempting to provide
collective actiorbased CPR management in the FGI and adjacent catchments should provide
coordinated and multifaceted solutions to CPR management challenggspaniaioities that

deliver and maintain environmental, social, cultural and economic benefits. In addition to this
principle objective, the use of the SDPM should enable a holistic and strategic CPR
management and planning approach capable of providinggdvadnd recognised process
outputs that enhance community capital. These processes should aim to provide-network
based competitive advantage interdependencies and generate network supported community
authority and legitimacy.

4.2 Essential Inputs and Chartaristics of a SDPM

The research has identified important characteristics and input considerationSBétMa

which include the creation and support of responsive, adaptive and collective-lchedck
nested networks that are institutionally embedded apalde of fostering creative tension.

This network should facilitate stakeholder participation resulting from altruistic, profit
seeking, and vested interdssed incentive and coercive motivators. Through deliberative
democracy processes, community lealg can emerge and a shared vision and goals for
CPR management can be developed that encourages the creation of mutually agreed to
working rules, the assignment of devolved powers, and the development of community
accepted authority supported by seetmnomic graduated sanctions. The network should
also provide avenues for participation by new entrants and emerging stakeholders that are
open and inclusive, whilst providing a scale of influence based on perceived stakes and
multifaceted sustainability iteria designed through collective choisased deliberation. In
addition, the network should contain a knowledge management system that enables the
creation and distribution of new and existing knowledge and learning opportunities, and
provide an avenuef suasive knowledge delivery.

The research also revealed a range of considerations that contribute to the network
deliverables associated with a SDPM approach. Of principle concern is the definition of the
resource boundaries that are subject to theiGgtgn of the SDPM (in the case of the FGI

and adjacent catchments, this is all terrestrial, freshwater, marine and atmospheric realms that
are publicly owned within the designated geographic area) to enable contextual rulemaking,
resource evaluation (ihading the definition of resource condition indicators and the
identification of social and community capitals) and stakeholder identification. To assess
resource conditions and facilitate effective monitoring, low cost, accurate and timely resource
specifc information that incorporates the precautionary principle is required to identify
resource limitations, and production and innovation barriers. This assessment should be
thorough and exhaustive and should include natural and human resources (specificall
community, industry, government and academic), regional capabilities, competences, core
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competences and dynamic capabilities within the region and defined resource area, whilst
revealing inherent path dependencies and existing trajectories. An outthg oésource
assessment and audit process should be the definition of property rights to CPR that feature
proportional equivalence between benefits and costs, and can be exclusively assigned to
provide long term access and input into decisiaking proceses that result in genuine
influence and tangible outcomes. Furthermore, the SDPM should provide participants with
the opportunity to develop skills and capacities through internal and external mechanisms.

4.3 Barriers Hindering the Success of a SDPM

Theresearch has revealed several significant challenges for the application of a SDPM within
the FGI and adjacent catchments. Existing polycentric governance systems, bureaucratic
barriers, and unsupportive legislation and policy frameworks discourage catyrinased
participation and can significantly stymie efforts to establish devolved management. Regional
lock-ins and the free rider dilemma inhibit innovation and participation at the regional and
individual scales and could contribute to the failure oP®Ebased CPR management efforts

and associated collective actibased RIS. In addition, the potential lack of organisational
will on behalf of existing management authorities, poorly managed past efforts at commmunity
based management , oc@mdbpraporteohaieii leehetit éramsresidtinghnew
rulesi or i mposing ones that they benefit from
comm., 4 October) further complicate the application of comminased CPR management.

4 .4 Solutions to SDPM Baers

Possible solutions for these barriers were identified through the research and present critical
design considerations for the construction of a SDPM. The solutions identified in the research
all centre on institutional factors and as such, instihai embeddedness is the principle
concern for SDPM success. Dense and well nested -sslaiionships supported by
embedded and institutionalised networks can enhance efforts that seek to align policies and
provide supportive mechanisms for collectivei@ebased approaches to CPR management
challenges. Collective approaches should be capable of providingesmriomic incentives,
rewards and punishments (for example, graduated sanctions) to provide the best opportunity
for the SDPM approach to removedrrider and vested interest barriers, and for the SDPM
process to be accepted by stakeholders.

5. A THEORETICAL MODEL FOR THE SDPM APPROACH

Our research and analysis suggests that an adaptation of the RDPM into a nine phase SDPM
could achieve the outates desired for increased management benefits for CPR within the
FGI. These nine phases are: (1) sustainability audit, (2) comparative analysis, (3) community/
network analysis, (4) institutionalised governance design, (5) futurescaping, (6) platforms
idertification, (7) RIS conceptualisation, (8) core process identification, and (9) knowledge
management.

The first phase of the SDPM, tl®ustainability Audit, seeks to independently assess the
sustainability of current resources and to conduct an audésofirce conditions. This is done

to provide sustainability checks and balances and to identify resource condition indicators.
This task should be independently performed by experts either annuallyaonually to
enable effective monitoring of resourgeoviding systems. This phase also identifies
environmental management actions capable of improving CPR conditions and provides a
trigger for the application of identified environmental management actions funded through
SDPM generated RIS.
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The second phasaf the SDPM,Comparative Analysis aims to provide an intgegional

comparison of natural and human resource conditions against sustainable development and
RI'S theories. This phase attempts, as with t
hasbee done in other regions, a n(ldarmaakorpt ang a n d
Pekkarinen, 2003, p. 10Yhe research conducted in this phase should include a detailed
background study of regional assets, industries, communities, academic institutions and
government participation. This phase utilises statistical data combined with intrinsic and tacit
knowledge.

The third phase of the SDPMommunity/Network Analysis, builds on the preceding phase

to explore the potential network(s) that could participateamd contribute to the SDPM
approach. This phase is explorative in nature and involves undertaking a detailed stakeholder
analysis and SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis, the purpose of
this phase is to begin building the netwoelationships that will form the key component of

the SDPM approach to enable effective nesting and embedding of institutional and
governance arrangements.

Phase fourlnstitutionalised Governance Designis arguably the most critical and complex
pha® in the SDPM. This phase seeks to involve and effectively networidsalified and
research identified participant stakeholders and process leaders, and to nest the resulting
communitybased network within local and regional community settings whifdieglding
associated institutional relationships to maximise collaboration and cooperation across all
governance scales. This phase involves defining the collective -hetsmad governance
structure (including specific leadership components and their defitesks and
responsibilities) and associated working rules, and defining rewards and penalty systems that
involve socieeconomic graduated sanctioning mechanisms. Importantly, this phase also
defines the structural governance conditions that scale invelvieamd influence in decision
making processes to reflect participant stakes in the applicable resources and associated
management process.

Phase fiveFuturescaping begins with a grounded path dependent basis from which future
megatrends are identifieasing statistical data. This analysis aims to reveal the success or
failure chances of existing and possible trajectories based on network and regional
capabilities. The Futurescaping phase should also provide a detailed and statistically
supported view fopossible futures and expected resource conditions.

The sixth phasePlatforms Identification, stems from the preceding analyses and in
particul ar the Futurescaping and Sustainabi
potential development platformsn t h e (Harreagkiorpi mrid Pekkarinen, 2003, p. 11).

This phase attempts to identify as many platform opportunities as can be realised given the
inherent regional and resource constraints and the capacity and interest of the network
participants to xplore individual platform opportunities. Harmaakorpi and Pekkarinen (2003,

p . 11) identify within the RDPM, that this
i ndustries and areas of expertise wimstbe t ak
reveal the most o6fruitfuldéd platforms where,

unique and noisubstitutable, butan be managed sustainalaye selected for RIS platform
development.

The seventh phase of the SDPMRRJS Conceptualisation ai ms t o create
understanding of the environment (Hawtaakor@ | nno
and Pekkarinen, 2003, p. 1This phase involves identifying likely network participants and
associated institutional resaer configurations (through invitation or selbmination) to

pursue a specific RIS platform. The RIS Conceptualisation phase also creates a shared

( 1
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individual platform vision that supports and guides the identification and definition of core
processes assated with the particular RIS platform.

Phase eight of the SDPMore Processsldentification, the aim of which, like the RDPM,

i's t o e poeehtialiexisting in the defined development platférhermaakorpi and
Pekkarinen, 2003, p. 11Yhe SDPMapproach extends the scope of this phase to include
participant created and defined responsibilities and tasks, how sustainability indicators will be
reported against monitoring criteria, and how specific CPR property rights will be assigned
and enforced aligned with the broader working rules). Participants must own, create and
define these core processes within the constraints of the larger collective SDPM network, and
mu s t be willing, as with the RDPM, to 1 nve
(Harmaakorpi and Pekkarinen, 2003, p. Bhd, by extension, to invest resources into the
overarching SPDMased CPR management approach, including tithed fiscal resources
derived from successful SDPM developed RIS to fund environmental management actions
identified in the first phase.

The final phaseKnowledge Management supports and develops the innovative capacity
and competitive advantage of the SDPM network that, like the RDPM, is reliant on learning
and knowledge creation and its disseminatiplarmakorpi and Pekkarinen, 20R3This

phase of the SDPM approach aims to harness and coordinate the learning and knowledge
capacity within the SDPM network to foster opportunities for new knowledge creation and
sharing, and broad institutional learning. Thisase feeds directly back into phases one and

six to ensure that knowledge is distributed at critical phases of the SDPM process and to
ensure that knowledge is not lost.

6. CONSIDERATIONS FOR FUTURE RESEARCH

The SDPM is a theoretical construct that rgaested in a real world scenario. The model is
therefore limited in its ability to foresee all barriers and challenges affecting its application
and success. The assumptions, upon which the SDPM model has been built, require testing.
These assumptions ingle: that some participants will contribute in an altruistic manner; that
leadership, authority and legitimacy will be constructed through the SDPM; that incentives
and coercive mechanisms will result in participation and compliance; that stakeholder power
inequities can be overcome through the practice of deliberative democracy; that sustainable
resources management is valued as much, if not more than, resource exploitation; that the
SDPM can provide @ooperativea n d 6 s a f -enékingdpéatforms and $eof working

rules for actors with opposing paradigms and polity positions, and; that environmentally
unsustainable actors will adopt sustainable practices as a result of the incentive and coercive
mechanisms built into the SDPM.

Research is also needdtht can explore and resolve the challenge of freehold interests and
legally enforceable property rights that result in4compliance with the SDPM approach to
CPR management; and to determine what impact freehold interests have on participation
rates. Ths research should also explore the role of freeholder power over CPR and how
private rights can be aligned to collective action principles.

Similarly, the suitability of applying the SDPM within a hierarchical management context that
seeks to manage CPRunequal partnership arrangements with the community also requires
investigation. Such applications are likely to appeal to traditionally dirigiste agencies
uncertain or sceptical of the benefits that can be derived from comniaséd management
partnerfips, thus providing a pathway to devolved power relationships and deliberative
decisionmaking in CPR management.
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Lastly, the application of the SDPM in a real world scenario is required to (1) determine its
ability to provide communitpased CPR managemt capable of delivering sustainable
economic, environmental, cultural and social outcomes that benefit not only participants, but
also the broader community, and (2) determine its applicability for single species-or sub
ecosystem / catchment applications

7. CONCLUSION

This research has found that Har mmakor pi an
not incorporate sustainable development concepts that can provide increased regional
community benefits and sustainable CPR management outcomes. Teatisw@ined social,

cultural, environmental and economic benefits, it is argued that sustainable development
principles need to be incorporated into the
has been developed from empirical case specific reseaorhbined with design
considerations sourced from relevant literature.

This empirical research has revealed that participating commioagistyd stakeholders support
community involved management. The SDPM incorporates design characteristics aimed to
encouage and enable commungypported CPR management decisions throughbased
incentives and socieconomic coercive motivatorshe SDPM can be applied to a range of
complex polycentric management systems involving freehold, dirigiste controlled, araisufr
managed resources and public lands and waters, through to commwnéyg resources such

as Aboriginal lands or public reserves, and also national and state owned terrestrial, marine
and riverine CPR environments.

The significance of the SDPM lies withits capacity to eliminate the need for exogenous
funding that is inherent within dirigiste approaches to CPR management. The SDPM does this
through the creation of RIS that sustainably provide wealth through optimal, innovative and
collaborative resouet configurations that are nested and embedded within institutionalised
network relationships. This wealth generation leads to fiscal resourcing for genuine
communitybased CPR management and associated environmental management actions,
supported by a padipatory and deliberative governance approach.
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ABSTRACT

I n Al ndustrial Agricul tureo, pesticides, f ul
inputs, because the profit and loss statement / business plan is the primary contr@rdoc

and ease of application (sprays) makes it cost effective (labour). However, in an extreme
climatic event such as heavy rain, excessive runoff from pine plantations located within the
catchments can blend an insecticide residue with a potato fungicetspray to give the
catchments and their management, a very strong cocktail. Chemical companies are
introducing nanotechnology based sprays into society, creating both a new tool and a new
problem that can be tratundary, without policy and may bercently uninsurable. In the

21st century the threat of bioaccumulation of pollutants to both, regional economies and the
environment should be a catalyst for Catchment Management Authorities to be proactive in
their management and focus on sustainabl@ogtior the regional industries involved.

| NTRODUCTION

Agriculture and plantation forestry often share riverine catchments. On aesmriomic

basis they are of importance and this paper will seek to outline the relationship between the
commercial requements for chemicals, their properties and the role they play in
bioaccumulation within those catchments.

DiscuUssION

In the International Year of Biodiversity, the functionality of the agricultural and plantation
forestry sectors, depend on the growingiemment. To obtain commercial yields, soil,

science in the form of genetic modification (GM) and chemicals are all in the operational
tool box. But , AThe soil i's not only i mportat
environmental functions,ncluding acting as a carbamnk, breaking down atmospheric
pollutants, and maintaining the natural cycling and recycling of nutrients. Agricultural use can

have significant positive and negative impacts on the soil, but the use of fertilisers and
chemicak i n particular has reduced our dependen
DEFRA 2003)The number of chemicals found in éeéeé

if they pose little threat individually at doses to which most people and biota arsedxpo

they could constitute a collective threat. i
create synergies and complex interactions that are impossible to predict based on studies of
individual compounds (adapted from ConnpIB009). Furthermoe, we are introduced to

impact parameters (Frankenberg2006 p. 14 when he states thafi | mpact s on w;:
quality of changes in agricultural management practices are not easily known, because the
impacts in a specific location depend on soil, topogyafdtal rainfall patterns, and specific
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management practices. 0 fAThese bad side effe
number of 0si | ewnystemsa dibdiversity :and tthe eyatberc duture
generations, who must suffer from irrevibls poisonhgs of the environmeatVgarst,2010

p. 4 eéand some pesticides (certain herbicide
number of products used to control potato eelworm) can persist in the soil, where they may
affect organisms that playpart in these ecological processes (adapted from DEERS)

Leys andVanclay in their social learning study of plantation forestry in the Upper Clarence
catchmentofnortte ast ern NSW determined that dthere w
regardirg the potential effects of the use of particular pesticides on drinking water standards
in the catchment. This concern was found in interviews with key informants, in public
meetings, in the views of some Participatory Advisory Committee (PAC) memberg) and
phone calls received by the principal researcher from residents in the community throughout
the duration of the study. The pesticides found to have the most potential for adverse impacts
on wildlife in local ecosystems and/or drinking water supplieseweastac Duo (used in
hardwood plantations) and atrazine and chlorpyrifos if used together in maize, and Spinnaker
used in soybeans. This was due to their long-lhadf, water solubility and/or potential to
bioaccumulate, and the high toxicity leveltbkir active ingredients. In the case of atrazine
and chlorpyrifos, atrazine was found to have a synergistic effect on chlorpyrifos by increasing
its level of toxicity when applied in theame growing season (LeBaron et al., 2008;
Stenersen, 2004). FastBeio, a synthetic pyrethroid insecticide, was found to be used on a
small proportion of the plantation forestry estate (approximately 3%) for control of
Chrysomelid beetles. The attention of the PAC was drawn to the presence of alpha
cypermethrin, which igeported to have the potential to bioaccumulate in ecosystems and
have acute toxic effects on ntarget animal species. The PAC recommended that all land
managers should aim to improve pesticide practice, including more vigilant site monitoring,
greater s e o f protective gear, and use of alt et
(adapted from Leys & Vanclay 2008)

Further south in the Victorian catchment s,
pollution incident reported in the past decameurred in the Moorabool System (Barwon
Water) with the herbicide Hexazinone, associated with weed control in pine plantations,
leaching at low volumes for almost 3 years, and was detected 50km downstream. Adjoining
the Barwon Catchment, much of Ballasatvater supply is dominated by potato farms and
plantations. The water authority in the Ballarat region Central Highands Water also uses
Hexazinone in their plantations many of which surround reservoirs, yet does not test for it or
many other pesticidesidely used by the potato industry. These examples are not uncommon
which means that many water supplies may be at risk but no data is available to determine if
pesticides are lehing into these water suppliésdapted from Amis 2008)

When considering #htotal chemicals applied within the region (agriculture and forestry) the
following can be listeqSoure: Amis, 201Q p. 15:

Herbicides

2,4D, Amitrole, Atrazine, Chloridazon, Chlorthal Dimethyl, Clomazone, Clopyralid,
Dicamba,Dichlobenil, Diquat,Diuron, Ethofumesate, Glyphosate, Hexazinone, Imazapic,
Imazethapyr, Imidacloprid, Isoxaben, MCPA, Metsulfuron Methyl, Molinate,
Monosodium Methylarsonate, Norflurazon, Oryzalin, Paraquat, Picloram, Prometryn,
Propyzamide, Sethoxydim, Simazin€ebuconaza, Tebuthiuron, Terbacil, Terbutryn,
Thiobencarb, Tralkoxydim.
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Insecticides:

Acephate, Carbaryl, Chloropicrin, Diazinon, Dimethoate, Disulfoton, Fipronil,
Imidacloprid, Maldison, Methamidophos, Methidathion, Methomyl, Phosmet, Piperonyl
Butoxide.

Fungicides:

Azoxystrobin, Chlorothalonil, Dimethomorph, Fludioxonil, Iprodione, Mancozeb,
Metalaxyl, Metiram.

The three most commonly used pesticides used in Australia, Glyphosate, Atrazine and
Simazine remain undexampled across Victorian water supplies. 4/1hauities test for
Glyphosate, 5/14 test for Atrazine and 1?/14 test for Simazine, even though Simazine is
registered for use across a plethora and land uses. Furthermore, in mid 2007 four water
authorities (28.6%) were not testing for pesticides at adit (tumber is now two). Seven
water authorities (50%) were testing on average only two currently used pesticides, leaving
only three (21.4%) water authorities testing for betweeii2ipesticides. This means that in

late 2007, eleven (78.6%) of the fourteeater authorities were testing for lesdgamn 2
currently used pesticidéadapted from Amis 2008)

According to the reference studp Li mi t s of P e s taihage duenber Anal y s
pesticides cannot be detected by means of routine methods used ¢idgedtboratories.

These include 71 % of other pesticides and 50 % of herbicides. The methods used to analyse
fungicides and insecticides seem to be somewhat better: 31 % of the fungicides and 26 % of the
insecticides cannot be detected using the roumtiehods availableOf the 65 herbicides manufactured

by Syngenta, 35 cannot be reliably analysed, and the same is true of 21 herbicides made by Bayer. All

of Monsant o6 sbe blassifibd incthe dagne wlidarra and Vaupel 2008, p. 26).

i Tr i aazei canar®nly used herbicides (wdellers) primarily used in the production of

maize, canola, lucerne, pyrethrum, raspberries, grapes, pasture onions, peas, potatoes, hardwood
plantations(eucalypts) and softwood plantations (pines) in Tasmania. Atraaimebe
transported as far as 1000 kilometers from the point of application and contaminant levels in
rainwater can exceed its biological activity (0.1 parts per billion and even at parts per trillion) in
nontarget organisms. Atrazine is of concern becansaddition to being widely transported

and persistent (one application will be present at biologically active levels for approximately 16
months) in the environment, it is biologically active atvl ecologically relevant levals
(Bleaney, 2009)

Although recently deregistered by the Australian Pesticides and Veterinary Medicine
Authority (APVMA), (Endosulfan lost its national registration approval in Germany in 1991,
(Haffmans et al, 2008, p)5 0 endosul fan ful fils atiohasof t he
aPOP under the URCE LRTAP) Protocol on POPs (UNECE, 1998) and the UNEP
Stockholm Convention (UNEP, 2001). Endosulfan is persistent in the environment with the

upper range of fieldbased haH i ves N6 mont hs i f Handsifate))and se
with half-lives highly dependent on the prevailing environmental conditibns.example,

hal-l i v es -famrdisafbrearelb2 months in water (i.e. the water column) in warmer
temperate/tropical systems, although biologicallgdiated degradion yields the more
recalcitrantc o mp ou n d, endosul fan sul fate. The conce

isomers and endosulfan sulfate degradatpr@sosed byenner et al. (2003)yould result in
considerably longer environmental halfes fo r Fendosul f aaoxicpotercyrof | ar | vy
Fendosul f an Uersdosgfaneamregas demdnatrated for a number of organisms

t hat span sever al trophic | evel s -endosulfann agr i
concentrations in Arctic bta fall well below laboratorpased toxicity thresholds for
representative avian and mammal i an species,
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organisms (that demonstrate high bioaccumul
systems maybe of coam.é é . ARiI ce efbtundaelidencd df @oSitiveacprrelation

bet ween the b to U conversion and temperatul
effect on the conversion process in the wider environniéoteover, the conversion process

has to be taken into consideration when discussing the spatial distribution of the endosulfan
isomers and additional work will be required beforegheironmental implications of isomer
conversiora r e r e \Wéber stal®009, p)d

Metsulfuron methyis a cereal grains herbicide used to control broadleaved weeds and is also
used extensively in forestry plantations. i
period in the soil, but when applied to foliage it is rapidly metabolised (i.e. broken down

while it does the weed Killing) to harmless-poducts (metabolites). Rates vary depending

on the site; for example, for second rotation radiata pine sites infested with blackberry and
other woody weeds, maximum rates of glyphosate and up to 60 g afi.fhatsulfuron

methyl may be used. Herbicides may be applied eitheplprdging or posplanting, with the

former preferred for blue gum and the latter often preferred for radiata pine. As stated earlier,

the herbicides used for radiata pine include hiexae. The use rate in radiata pine
establishment is in the range 1.5 kg a.i./ha to 3.8 kg a.i./ha. The high rates are used on second
rotation woody weed sites. Hexazinone is soil residual and applied as dry, soil applied
granules or sprayed. The granulpplications are very accurate, even when applied by
helicopter. Rainfall is necessary to release the herbicide from the granule. Ground based spot
and strip treatments with granules are frequently used and reduce the amount of herbicide
applied compared tbroadcast treatments. However, because hexazinone is very mobile and
because spray drift in Victorian legislation includestafijet movement through or over soil,

its use by some organizations in sensitive water catchment areas has been discontinued
(Tomkins 2009, p. 10)

Another herbicide used is clopyralid, for wattle control in radiate pine, and thistle, capeweed
andother broadleaved weed control in eucalypts. Clopyralid is also used in grains cropping to
control thistles and capeweed, in particullne forestry product is a powder supplied in a
water soluble plastic bag, as a Water Dispersible Herbicide (WDHmeasured on a per
hectare application basis. Both dry granular (G & GR) and WDH products have considerable
OH & S advantages over liqugroducts or other solids that have to be measured out before
mixing. As noted earlier, little or no atrazine is used in Victorian pine plantation
establishment, although there are both granular and WDH products in combination with
hexazinone. In radiatane, the use rate is usually 4.5 kg a.i./ha. The herbicides mostly used
by the eucalypt growers in Victoria include glyphosate, metsulfuron methyl, simazine,
clopyralid, terbacil and sulfometuron methyl. Simazine is the main residual herbicide used. It
is fairly soil fast, for example, it is about thremes as soil fast as atrazon@ omkins 2009,

p. 10)

Research undertakghEi s | er , 1986, p . 14) determined t
some agricultural cheicals produced morthanadditive adverseffects on bird growth and
fecundity; accordingly, more research is needed on effects of complex mixtures of pesticides
that contain diazinon. Freshwater fish populations can be directly damaged by prolonged
exposure to diazinon at concentrations up to rs\Veindred times lower than those causing

acute mortality (Sastry and Sharma 1980; Sastry and Malik 1982; Table 7). Impaired
reproduction and AChE inhibition occurs concurrently in teleosts duringteang exposure

to diazinon, but reproduction can bepaired for at least 3 weeks after fish are placed in
uncontaminated water, even though AChE is normal and they contained no detectable
diazinon residues (Goodman et al. 1979). Furthermore, diazinon exposure during spawning
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caused complete, but temporanyhibition of reproduction at concentrations which did not
produce this effect in fish exposed since hatch (Allisi8v7). This could severely impact
aquatic species with a short reproductive period (Allid®v7). For protection of sensitive
aquatic orgaisms, Arthur et al. (1983) recommended that water diazinon levels should not
exceed 0.08 ug/l. This value represents a safety factor of about 4 over the lowest recorded
adverse effect level of 0.3 ug/l. The safety factor may require adjustment, propalalsds,

as additional data become available. Establishment of safe levels is complicated by the fact
that diazinon can persist many months in neutral or basic waters, including seawater
(Kanazawa 1978), but hydrolyzes rapidly in acidic waters (Allison dahermanutz 1977).

Data on chronic effects of fluctuating and intermittent exposures of fishes and invertebrates to
diazinon are also needed, and these will aid in the establishment of safe concentrations for this
organophosphorus pesticide (Allison andrdanutz 1977).

Glyphosate is the chemical of choice for-prener gent tr eat ment i n agr
glyphosate is moderately persistent in soil. The primary reason crops can be planted or seeded
directly into treated areas following applicatianthat glyphosate exhibits essentially no-pre
emergent activity even when applied at high rate (Feinhal 1997). Soil studies have
determined glyphosate hdi¥es ranging from 3 to 130 days (U.S. EPA, 1990; USDA, 1984).
The soil field dissipation halife averaged 4460 days (Kollman and Segawa, 1995; WSSA,
1989). In the soil environment, glyphosate is resistant to chemical degradation, is stable to
sunlight, is relatively nonleachable, and has a low tendency to runoff (except as adsorbed to
colloidal matter). It is relatively immobile in most soil environments as a result of its strong
adsorption to soil particles. Ghasseatial (1981) found that less than one percent of the
glyphosate in the soil is absorbed via the roots. The Accord® label shatedttis not
available for plant uptake and will not harm-sffe vegetation where roots grow onto the
treatment area or if the solil is transported-sifé (Accord® label). Spranklet al. (1975)

found that the prime factor in determining the amourglgbhosate adsorbed to soil particles

is the soil phosphate level and that glyphosate is bound to soil through the phosphonic acid
moiety. Glyphosate competes with inorganic phosphate for soil binding sites and the degree
of binding depends on availabylit o f unoccupied phosphate bir
primary route of decomposition in the environment is through microbial degradation in soil
(Franzet al 1997). The herbicide is inactivated and biodegraded by soil microbes at rates of
degradation retad to microbial activity in the soil and factors that affect this activity
(Eriksson, 1975). The biological degradation process is carried out under both aerobic and
anaerobic conditions by soil microflora. Rates of decomposition depend on soil and
microfloral population types. In nonsterile conditions, as much as 55 percent dali<l€d
glyphosate is given off as 14C0O2 within 4 weeks using Lintonia Sandy Loam soil (USDA,
1984; Rueppett al, 1977). The primary metabolite of glyphosate is aminomethgjgtanic

acid (AMPA). Degradation of AMPA is generally slower than that of glyphosate possibly
because AMPA may adsorb onto soil particles more strongly than glyphosate and/or because
it may be less likely to permeate the cell walls or membranes of sedanganisms (USDA,

1984). A study on the effects of glyphosate on microbial biomass (Stratton G. and Stewart K.
1992) found glyphosate generally had no significant effect on the numbers of bacteria, fungi
or actinomycetes in forest soil and overlying forgser. There was no effect of glyphosate

onin siturespiration in most of the treated systems while the remainder showed a increase in
respiration. Mulleret al (1981) found that glyphosate degrades at very low temperatures and
does not adversely affect nitrogen fixation, nitrification or denitrification activity. The major
pathway for uptake of glyphosate in plants is through the foliage. Depending uporpsoil ty
and conditions, some root uptake may occur. Gotaupl (1976) demonstrated that the
presence of humidity and surfactants increased absorption of glyphosate by plant foliage.
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Surfactants increased the diffusion rate across the plasma membranef b caticle

(Wyrill and Burnside, 1976). Once absorbed, glyphosate is translocated throughout all plant
parts where it prevents regrowth. Glyphosate is not metabolized by plants (Gatiabp

1976; Wy r il | and Bur nsi de watet €géfficipnt andslbwy fath o s a t
(lipids) solubility indicate that it has a low tendency to bioaccumulate. Also limited data
available in the early 1980's indicated that glyphosate has little to no potential to
bioaccumulate when used in forest systems (&masst al, 1981). Recent studies have

found similar results, in a study cited in Fratzal, 1997, scientists found that rats excreted

97.5% of an administered dose in their urine and feces. Other metabolism studies have found
that glyphosate residueave minimal tissue retention and are rapidly eliminated from various
animal species including mammals birds and fish (Feare. |, 1 Bchuelte. 1698, p. 4)

In a 2008 study undertaken by (Contatddwa et al 20Q8p. 6, it was concludediit h at
glyphosae accumulates in L. variegatus, despite the hydrophilic character of the herbicide.
The accumulated amounts of glyphosate and the added surfactants in Roundup Ultra cause an
elevation of the biotransformation enzyme sGST at nontoxic concentrations. The
accumulation and the enzymatic response of the worms were clearly higher in the animals
exposed to Roundup Ultra, indicating that the formulation Roundup Ultra is of more
ecotoxicological relevance than the gl yphosa

The 2f'century has seenthe@ ansi on of the use nanotechnol
relations, nanotechnology represents the most powerful set of techniques yet developed to
take apart and reconstitute nature at the atomic level. In terms of economic relations,
nanotechnologyprovides new opportunities for the extension and further integration of
corporate owership and control within and betweeectors of the agfood systerd

(Scrynos and Lyons, 2007, p. 1)

i Wi t hchemgalsj techniques at the nastale are also beingpplied in an attempt to

enable the targeted delivery or increased toxicity of pesticide applications (ETC Group, 2004;
Kuzma and VerHage, 2006). This includes the insertion of-8aale active ingredients into
pesticides. The specific properties of themmoscale materials, such as their ability to
dissolve in water or their increased stability, are designed to maximise the effectiveness of
these pesticides. Leading aghemical companies including BASF, Bayer Crop Science,
Monsanto and Syngenta aregaged in nanotech research in these areas. In terms of
commer ci al applications o f this technology,
company, currently retail a number of chemicals with emulsions that contain nanoparticles.
Agrochemi cBtsmon®MAXHePlbant Growth Regul ator o
OApronMaxx RFC seed treatmentdé and O0Crui se |
the Earth, 2008 forthcoming). To date, none of these agrochemicals are currently labelled as
containing nanopécles. Pesticides may also be encapsulated via -eacapsulation
technigues. These encapsulation techniques enable greater control over the circumstances in
which encapsulated pesticides will be released. For example, pesticides could be released
quickly or slowlyi depending on needand under specific conditions, such as moisture and

heat levels (see for example Syngenta, 2007; Zhang et al., 2006). Syngenta have obtained a
patent for a O6gutbusterdé microcapmualkakne cont a
environments, including the stomach of certain insects (ETC Group, 2004). Such nano
encapsulation techniques not only providdult pesticides for crops in some ways similar

to genetically modifiedt insecticidal crop$ but also inbuilt switches to control the release

and subsequent availability of pesticides. One of the rationales for theseparéiole

pesticide applications lies in their improved capacity for absorption into plants compared to
larger particles. As such, they may ria# washed off as readily, thereby increasing their
effectiveness, but also posing a new order of risks to consumers of these products (see for
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example Belfield, 2005). Farm workers and rural residents are also being exposed to these
nancepesticides, in th absence of any required safety testing or regulation of-seaie
formulations of already approved chemical pesticides (Lyons and Scrinis, 2008 forthcoming).

The size and dissolvability of nanoparticle pesticides may also mean they contaminate soils,
waterways and food chains across a wider geographical area, whileenesosulated

pesticides may release their toxins in other environments or in the stomachs of other living
organism® Sqrynos and Lyons 2007, p. 26) BtTher e i s cur rstamding y | i n
of the distance nanoparticles may travel through agricultural environments, or their likely
heal th and envi r on naedlLyoas|200vV, mAaWet ase.aldo rdmBided y n o0 s
(Davies 2006 p. 19 t hat At i s dnaterifls except with sophistitagetd e ¢ t f
laboratory equipment. If these materials cannot be detected, the provisions of the
environmental laws are inoperablairthermore, even if these materials can be detected, the

only practical control in many situations would toeimpose a complete ban on their release

into the environment.o Globally, even with
Afcal cul ations show that the decrease in envi
parallels the decrease in amounts edtirides per standard area used on these crops. In other
words, the replacement pesticides do not show particularly more benign environmental
properties, which in theory would have decreased the impact of these pesticides beyond the
observed reductioniap p | i e d (KieteoandKuigeg p. 6).

Ailn 1972, a team of resear cher s Theldmitsbhty Denni
Growth, introducing a widely publicized systems model of resource scarcity. These studies

made a large public aware that eonnic development and population growth had decisively
influenced our physical environment. But they also reveélezhd contributed td three

fundamental shifts in the link between humanity and its environment. First, they revealed that
economic developnmt and population growth had shifted the balance between two forms of

risk: external risk resulting from the vagaries of nature was becoming less of a threat compared

to manufactured riskr esul t i ng from humanityos expandin
surraundings and their modification via human intervention. Second, concomitant with this
finding, environmental organizations and public preferences moved from supporting exploration

to conservation. This constit ut eptualtramsiontirwent i e
the environmental field. Finally, a shift of analogous importance in the second half of the
twentieth century was the move fromadteased t o a gl oba(Marfinf ame of
2008, p. 3)

And we need this to comprehend the pttdnfor ecological catastrophe. Therefore,
according to(Mudgal and Turbe, 2010, p. 42¥it he O0i nsur aiteeemstihgatpot he:
there are manways in which current, apparently redundant, diversity may have a function

under future, unpredictable conditions. Given that we still know little about the role of single
species, and according to the precautionary principle, it may thus be impogeedeove this
biodiversity for insurance purposes and not put our future at stake by reducing the insurance

value of the biodiversity capital. This 1is
bi odiversityd (whet hdfthe functions pravided)uadvodatedt by theo r g L
Convention on Biological Diversity. o AEffici

healthy crops, and the impairment of this service can have important economic costs, as well
as foodsafety costs. Bsuring efficient natural pest control avoids having to use engineered
control methods, such as pesticides, which have both huge economic and ecological costs.
The use of pesticides, for instance, can be at the origin of a loss of more than 8 billie dolla
per year due to environmental and societal damages. In natural ecosystems, the loss of
pathogenic and rodeeding soil organisms will cause a loss of plant diversity and will
enhance the risk of exotic plant invasions. Changes in vegetation alsmaeflaeoveground
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biodiversity. Loss of this ecosystem service, therefore, will cause IdBsdiversity in entire
natur al e Muadgal and Burbs, 2010, p).7Decoupling environmentglressures
from economic growth- with a view to ensuring thatoatinued economic growth is
accompanied by enhanced environmental qualisy needed. Countries need to make sure
thatthe net effect of deoupling across all economic sectors combines to ensure that the four
criteria of environmental sustainability idéied are met &dapted from OEC[2001)

CONCLUSION

Properties of pesticides/herbicides change and toxicity can be greater whsedcsoil ph
changes, temperature changes or exposed to the environment in different phases (formulation
or isomer). All d these parameters are outside of the current laboratory testing protocols and
when these chemicals are distributed in the future via nanotechnology, transboundary non
target issues will remain and possibly become undetectable.

Unless preegistration agrchemical trials address bioaccumulation in their protocol, they
may impact on biota in a terminal manner, because during application (based on commercial
parameters), ecotoxicity may be maximized both temporally and spatially within the
reproductive cyd of Australian species.
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ABSTRACT

The Mid West region of Western Australia is set to embrace major resource development due
to an increasg global demand for iron ore. sidde from market forces, sophisticated
extraction processes and emerging (or junior) mining companies are also bringing this
regiorts resources into play. Many impacted communities in the Mid West are welcoming the
potential economic growth, yet they remainrywaf the social and economic challenges
experienced by neighbouring Pilbamammunities Currently, the Pilbara region generates 70
percent of the W& resource wealttDue to this, the Pilbarhas developed into a mono
economy dominated by the resowgsector with all the attendant so@conomic weaknesses

this causes, particulgrhigh cost of living. his paper presents findings from a range of
stakeholder interviews about experiences in the Pilbara and the mistakes to avoid if the Mid
West(and elsewere)is to remain a liveable community with a diverse ecopancluding

mining.

| NTRODUCTION

The Australian mining and energy sedt@s been important to the Australian economy since
colonial times. Gold discoveries in 1851 around Bendigo and CastlermaVictoria were

the catalyst for the first Australian gold rush, and as a consequence the arrival of many
immigrants to Australia and the flow of wealth which funded considerable infrastructure in
both Sydney and Melbourne. Resource discoveries h#s® lzeen important for the
development of the Western Australian economy, particularly since the 1960s. Gold and tin
discoveries were responsible for significant Western Australian colonial regional economic
development with many towns and communitiesk#siaed around mining activity. After the
relaxation of the embargo on iron ore exports in 1959, exploration and development of rich
iron ore deposits were the foundation of considerable State and corporate wealth in Western
Australia. About 50 different nrmerals arenow mined in the Statehut the most profitablés

iron ore from the Pilbara (see Figure 1).

The resource market is cyclical and dependerglobal economic demandhis sector has a

long history of boom and bust cycles, reflecting its exp®ga international markets and
fluctuations in demand and supply. The prolonged rise in commodity prices and the inevitable
downturn that foll ows it -ayel e®d.l | Ygui alts$yan
argued that current boom conditions wbldst longer than in previous periods because of the

strong underlying demand for key commodities from the emerging economies of China and
India, but tying Australian economic fortunes to regional economies means that the economy

is vulnerable to internainal political and other forces over which Australia has no control
(Conley, 2009)
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Figure 1: Regional Development Regions

Source: Department of Land Informati(2006).

This paper focuses on two key areas of iron ore mining in Western Australialbidwe Rnd

the Mid West (see Figure 1). The Mid West is at a nascent stage of iron ore industry-develop
ment whereas iron ore mining in the Pilbara is well established and conducted on a large scale
by, amongst other companies, two of the largest ironmanéng multinationals, BHP Billiton

and Rio Tinto, generating millions of dollars in income and royalties. Due to the sustained
boom, high market prices and refined mining technology, it has now become viable for
miners, mostly junior mining companies, develop other areas, such as the Mid West, with
less concentrated ore deposits. The scale and rapidity of mining development in the Pilbara
has wrought social, economic and environmental challenges, especially for those not involved
in the mining industryln the past few years, at seriesof Mid West regional economic
planning eventsa common refrain has beda heed the lessons learnt from the Pilbara.
Clearly government, industry and communities are keen to avoid some of the pitfalls of rapid
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