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Abstract

An important institution for regional resource governance is civic engagement in local affairs, including resource use issues.
Local civic engagement has traditionally been structured around local government and, more recently, to catchment-based
decision-making bodies. If citizens are to participate in regional resource management in ways that are meaningful to them,
it is important that both the landscape units being discussed and the jurisdictional boundaries are meaningful. We have been
examining how boundaries for resource management regions might be identified. Three considerations are believed to be
important if regional resource management is to be meaningful to the citizens involved. Firstly, that the regional boundaries
maximise the areal proportion of the region that residents consider to be part of their ‘community’, which should lead to greater
commitment to civic engagement in resource management. Secondly, that the character of the landscape units within the region
possess a high degree of homogeneity, reflecting greater coincidence of interest among the inhabitants of the region. The third
consideration is a hierarchical multi-scaling capacity to deal with externalities of resource use. The approach was tested through
i tralia. The
r anagement.
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dentification of a series of nested ‘eco-civic’ resource management regions for north-eastern New South Wales in Aus
esults delineate resource governance regions that nest at local to regional scales for integrated natural resource m
uch ‘eco-civic’ regions demonstrate a better spatial representation of social and ecological characteristics than existi
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. Introduction

Actions to sustain ecological systems, flows and
unctions must be integrated across the human dimen-
ions of landscapes (Saunders and Briggs, 2002). The
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foundation for a sustainable future is the contin
tion of ecological processes across landscapes th
now dominated by human activity. No matter where
the globe, future sustainability will depend on syste
of resource governance that mediate the relation
between the society and the economy on one hand
continuation of ecosystem functional processes o
other. However, conventional approaches to reso
governance have often resulted in a seemingly
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less recursive loop of problem solving and, occasion-
ally, committed communities to courses of action have
turned out to be disastrous (Gunderson et al., 1995;
Holling and Meffe, 1996; Power, 1996; Woodward,
2000; Carpenter and Gunderson, 2001; Saunders and
Briggs, 2002).

In this paper we use the following meanings for
society and its institutions (afterReeve, 1992, 1997,
1998; Shannon, 1992, 1998; Gunderson et al., 1995;
Brunckhorst, 2001, 2002). A social system refers to
any group of people who interact long enough to cre-
ate a shared set of understandings, norms, or routines to
integrate action and established patterns of dominance
and resource allocation. An institution is a repeated,
accepted behaviour or action in society. The term ‘insti-
tutions’ refers to sets of formal and informal rules,
practices and norms that shape interactions of humans
with others, and with nature.

The laws that govern the processes of natural
systems are fixed. Therefore, opportunities to improve
resource management outcomes significantly will rely
on our ability to modify our social systems to serve
our long-term interest in the natural world. In practice
however, social change seems to be incredibly difficult
to achieve. Nevertheless, society and its institutions
may need to become more capable of substantial shifts
over shorter time scales to adapt to pressures of change,
including resource degradation, and adjust towards
more ecologically restorative economies (Brunckhorst
et al., 1997; Cortner et al., 1998; Carpenter and
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developing world (Berkes and Folke, 1998; Johnson
et al., 1999; Brunckhorst, 2000).

These approaches also have the potential to create
uniquely robust governance institutions that possess
the essential dynamic qualities to enable improved
adaptive capacities to the emergent processes that
constantly challenge rural (non-metropolitan) com-
munities (Reeve, 1992, 1997; Shannon, 1992, 1998;
Gunderson et al., 1995; Johnson et al., 1999; Brunck-
horst, 2001, 2002). Transformation to a more effec-
tive resource governance framework will also draw
on the notions of a bioregional framework (sensu
Brunckhorst, 2000) and an effective nested arrange-
ment that better represent a community’s actual inter-
ests in a particular regional landscape while retaining
the capacity to address resource governance issues
at appropriate ecological scales, creating in effect an
institutional interface that bridges social and ecologi-
cal processes while providing workable administrative
arrangements (e.g., for natural resource management
agencies, Local Government Areas and other govern-
ment services; seeBerkes and Folke, 1998; Omernik
and Bailey, 1997; Reeve, 1998).

Different community and political levels of partici-
pation in decision making and broadly inter-connected
ecological systems and resource uses need a mutual
geography (Stewart et al., 2004; Terkenli, 2005) that
brings together shared natural resource issues and
their stakeholders at appropriate scales of engage-
ment (Fig. 1). An important institution for regional
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underson, 2001; Saunders and Briggs, 2002). Such
ransformations might require novel approache
nd realistic solutions to social and environmen
ustainability issues that the citizenry can ad
nd adapt with matching civic skills and knowled
Reeve, 1992, 1998; Brunckhorst, 2002). An increas
ng number of scientists and policy makers are turn
heir attention to ecological sustainability iss
elated to land use, landscape function and ecosy
ervices, urban infrastructure and services, reg
evelopment, policy and institutional arrangeme
Forman, 1995; Omernik and Bailey, 1997; Cort
t al., 1998; Knight and Landres, 1998; Turner et
001; Pickett et al., 2004; Reeve et al., in press). This

imely shift might be seen as an acknowledgmen
‘regional’ concept of ‘biocultural appropriatene

hat has long been accepted in institutional, ur
nd agricultural capacity building programs in
esource management is civic interest and eng
ent in local affairs, including resource and la
se issues. Local civic engagement has been s

ured around local government for some 200 y
n Australia. State and Federal government reso

anagement agencies have had various admin
ive regions but, in recent decades, attempts have
ade to extend this to decision-making bodies b
n river catchments (e.g.,Cunningham, 1986). Gen-
rally, however, these frameworks for resource go
ance have not achieved effective engagement, int

ion or action (Omernik and Bailey, 1997; Knight an
andres, 1998; Reeve, 1998; Parisi et al., 2004). They
ften seem to produce plans that few are intere

n implementing, that have been ‘captured’ by sin
nterests (not representative; small proportion eng
r participating) or that split inter-related issues i
ultiple single-issue frameworks (e.g., vegeta
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Fig. 1. Designing a region for natural resource governance and management. Diagram showing conceptual model for methodological design.
In recognising the need for a basic ‘holistic’ region to integrate community interests with ecological characteristics, this project focused on
developing a method to identify boundaries that met the three primary expectations of such regional frameworks for more effective resource
governance.
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regions, catchment regions, forestry regions) (Power,
1996; Brunckhorst, 2000; Parisi et al., 2004). Novel
approaches to defining multi-functional, but character-
istic, social–ecological landscapes could provide more
efficient and socially appropriate regional frameworks
for community and agency engagement in resource
governance.

The work reported here, building on earlier
work (Brunckhorst and Rollings, 1999; Brunckhorst
and Coop, 2001), contributes one approach towards
catalysing more participative institutions for resource
governance, planning and management. The current
work focused on development and trial of a method-
ology to map the extent of the strength of community
interest in a geographic area (Coop, 2003) and, com-
bining these with biophysical areal units of similarity
delineate ‘functional’ zones (‘eco-civic’ regions) for
resource governance.

2. Approach

These current concerns and issues related to pol-
icy, planning and delivery frameworks for effective and
efficient natural resource management and governance
raise the questions (Fig. 1):

• If resource management is to occur at a regional
level, on what grounds can we make choices in
defining the administrative regions within which this
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ties to their natural landscape characterised by partic-
ular ecosystems and vegetation. This includes attach-
ment to the visual elements of the landscape and to
the resource utilisation by these communities includ-
ing land use issues, further embedding communities
into their landscape through the creation of a cul-
tural (agricultural, urban) landscape (Shannon, 1992,
1998; Field et al., 2003; Parisi et al., 2004;
Stewart et al., 2004; Terkenli, 2005). Secondly, there
are other benefits arising from the management of
a relatively homogenous landscape. Efficiencies arise
in the construction and maintenance of infrastructure,
requirements for specific equipment and, in various
land uses with knowledge of the behaviour of the
local soils and vegetation under different conditions
such as flood, fire and drought (Power, 1996). In other
words, the ecological landscape context for resource
management is made up of fairly similar biophysi-
cal characteristics. For example, the soils, geology,
elevation climate and topography combine to provide
a relatively homogeneous ecological resource base
(Belbin, 1993; Forman, 1995; Omernik, 1995; Bailey,
1996).

Both ecological systems and social systems are
inter-connected at broader scales. While biophysical
structures provide ecological function and services
important to communities and land uses at one level,
they interrelate to other landscape systems, land uses
and communities at broader scales (e.g., whole catch-
ments or adjacent catchments and political systems
s d
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management occurs?
If we have an understanding of what might m
one region preferable to another, how can we op
tionalise this into a procedure that reflects this un
standing?
How will this procedure draw boundaries for the c
sen regions?

The creation of a resource governance institu
hat draws on these social resources and matches
o the local community territory can form the found
ion of an effective nested (multi-scale) resource go
ance framework. Integration of ecological functi
nd influences of landscapes for natural resource
gement and governance suggests a regional fr
ork should maximise the homogeneity of the la
cape units within the region (Bailey, 1996).

There are two significant elements arising h
irstly, the association by the local (human) comm
uch as Local Government Areas; seeSaunders an
riggs, 2002).
Therefore regional frameworks for natural resou

anagement and governance must be able to sca
rom local to broader regional contexts as approp
or effective resource management and administra
hile maximising capture of communities’ areas

nterest and similar natural landscapes. A loosely
orked hierarchy (Slocombe, 1983; Meidinger, 199)

hat captures communities of common interest and
lar natural landscapes might also balance bottom
itizen participation and engagement with adminis
ive control while allowing for variable task organis
ion, knowledge sharing, efficient resource use, coo
ation and integration (Meidinger, 1997, 1998; Reev
998; Shannon, 1998, 2000; Rollings and Brunckh
999; Brunckhorst, 2000, 2001; Marshall, 2001).Fig. 1
ummarises the conceptual argument for develo
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a method to identify boundaries that meet the three
primary expectations of regional frameworks for more
effective resource governance, planning and manage-
ment.

The regional framework is required to do three
things. Firstly, to maximise the spatial capture of ‘sense
of place’; that is, the landscape area of interest to resi-
dents and in which they are willing to engage in deci-
sions for the future. This requires that the governance
region encapsulate the largest proportion possible of
the areas that residents regard as their ‘community’.
Secondly, to maximise the spatial capture of similari-
ties of the ecological resource base (homogeneity of the
biophysical landscape;Fig. 2). The third condition is
that regions within the framework are capable of being
scaled up from a local level to broader regional con-

texts (nesting) while not compromising the first two
principles (Figs. 3 and 4).

3. Methods

The following summarises the methods developed
and applied in this project. Full details of the method-
ological development, testing and statistics (Coop,
2003) are not all reported here, but are available from
the authors on request. In essence, the methodol-
ogy is to provide for the three important conditions
expected of the regional frameworks discussed above
(Figs. 1–4).

A mail survey with a range of questions and maps
was designed to elucidate, in a data form compatible

F
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ig. 2. The resource governance region must have a reasonable degr
ere include a tablelands and coastal plains landscape intersected b
egionalisation of Australia (Thackway and Cresswell, 1995), with our fine
ee of spatial correspondence with the ‘natural’ landscape. Examples shown
y a catchment and, Australian ecoregions from the Interim Biogeographic
r scale biophysical landscapes of the study area.
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Fig. 3. Nesting of structural and functional components of ecological units (afterBrunckhorst and Rollings, 1999; Brunckhorst, 2000, 2001).
Human interaction with the environment occurs mainly at landscape scales, but across relatively short time periods.

with GIS mapping, the areas of interest to residents and
what area they considered as their ‘community’. The
survey and several maps and map scales were tested on
a small number of country town and rural residents and
then further refined (a copy of the survey is available
from the authors on request).

The method developed needed to be compatible
and integrated for: random survey sample with spa-
tial evenness; appropriate mapping scale (1:1 million
when scaled up from postcode areas); overlap mapping
to avoid artificial boundaries; data sources Australian
Bureau of Statistics Census, Postcode, Federal Elec-
toral Areas; spatial unit of Postcode Area; and, spatial
database design (requiring very large capacity for sev-
eral hundred thousand records as well as capability to
link to GIS data tables).

A sample of 10,500 was required to provide a spa-
tially even spread of data across the entire study area of
northern New South Wales. This is around a five-fold
larger sample than a standard social survey (e.g., market
survey) would require for the given population across
this region. The large sample and expected return rate

was required to ensure statistical validity of spatially
even sampling across the entire region for mapping
and analysis purposes. A response rate of 23% pro-
vided acceptable confidence limits for spatial evenness
at postcode area scales. However, the data were also
scaled up for mapping, which provided improved (sta-
tistical) levels of confidence.

The key question framing in the survey that provided
the data for the analysis presented in this paper followed
a series of questions in which respondents were asked to
indicate the names of towns they visited in their region,
the frequency of these visits, the location of these towns
on a map provided with the questionnaire and the loca-
tion of where they lived. They were then asked:

Often, people feel they belong to a community associ-
ated with a particular area or district. On the same map,
please draw a line around the area to which you have
the greatest sense of community attachment.

The line drawn by each respondent was digitised
in a GIS as a polygon. Consequently, any particular
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Fig. 4. The principle of nesting also facilitates a loosely networked hierarchy that captures communities of common interest and similar natural
landscapes, balancing representative participatory processes with administrative control (afterMeidinger, 1997, 1998; Shannon, 1998).

geographical point in the study area could have one or
more (or none) of these polygons overlapping it.

4. Results

The GIS was used to produce a map that showed, for
each point in the study, the number of polygons overlap-
ping it. Each resident’s identified community area has a
single value as a polygon. Overlapping polygons there-
fore provide height and shape to the map producing a
community topography or social landscape (Fig. 5).
The community topography is represented as a three-
dimensional social surface in the GIS. It provides a
geocoded surface within which the depth and spatial
configuration of valleys can be analysed for potential
boundary placement. We have termed the surface a
‘social landscape’ as it is a measure of the spatial dis-
tribution of the degree of attachment by people to their
biophysical surroundings. The social landscape can be
examined in the GIS as a surface, with the peaks on
the surface indicating a larger number of overlapping

polygons, and valleys representing parts where there
were few or no polygons (Fig. 6). The peaks repre-
sented localities with greater numbers of people who
regarded that locality as part of their community. The
valleys represented localities that were regarded as part
of their community by relatively few people, or no one.
These valleys therefore represent the ‘breakpoints’ that
identify the spatial extent associated with a particular
community.

A GIS hydrological analytical tool (ESRI Arcview
3.2) delineated a ‘drainage network’ on the social
‘topography’ surface. The ‘valleys’ define linear zones
in which an administrative boundary would intersect
the minimum number of the polygons representing the
area which people regard as their community (Fig. 7).
In other words, boundaries of these regions minimise
the number of residents in the undesirable situation
of the boundary cutting through their area of interest,
and to maximise the number of people ‘encapsulated’
within a regional boundary that best matches their area
of collective interest. This provides a socially opti-
mal solution that captures sense of place and civic
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Fig. 5. Sequence of social survey and mapping to develop the social landscape. Social survey responses on various question framings were
digitised or captured into the GIS to produce a geo-referenced community landscape surface.

motivation for a definable region. It also identifies
the ‘order’ of the nested hierarchy for institutional
arrangements.

Having defined the ‘drainage network’ of the social
topography, it is possible to identify ‘valleys’ that
divide northern New South Wales into regions, each
region having ‘upland areas’ (i.e. areas where the social
surface is relatively high). Some regions have their own
‘valleys’ intersecting them, which can be used to fur-
ther divide these regions into sub-regions. Some sub-
regions can be further divided along ‘valleys’ within
them. The ‘valley’ used in each successive division of
a region or sub-region is at a slightly higher level than
the ‘valley’ used in the previous division. The division
process can therefore start by finding the lowest ‘val-
ley’ that intersects the whole area of interest, and then

repeating this for each of the two regions separated by
this ‘valley’, and so on (Fig. 7).

The result is a nested hierarchy of regions and sub-
regions, with boundaries that are optimal in the sense
that they minimise the number of people who have
the area they regard as their community intersected
by a region or sub-regional boundary, and maximise
the number of people who have the area they regard
as their community wholly contained within a region
or sub-region. We have termed these regions and sub-
regions ‘communities of shared interest’ to reflect the
fact that people within a particular region or sub-region
tend to have similar areas of the biophysical landscape
that they regard as their community.

The broadest level of the nested hierarchy (Level 1)
divides the northern New South Wales coastal commu-



D. Brunckhorst et al. / Landscape and Urban Planning 75 (2006) 265–281 273

Fig. 6. The social landscape or community surface, topography for north-eastern New South Wales in three-dimensional view. The peaks
represent areas regarded by relatively large numbers of people as part of ‘their community’. The valleys represent areas regarded in this way by
relatively few people.

nities, along the top of the escarpment, from the New
England Tablelands and North West slopes (Fig. 8).
The Level 2 and Level 3 sub-regions, or communities
of shared interest can be clearly defined also (Fig. 8). A
finer scale division might be possible. The confidence
limits of the survey data and mapped community poly-
gons do not allow further division.

Ecological landscapes were described hierarchi-
cally using GIS classification or regionalisation of
multi-attribute data including geology and derived
soils, soil moisture, climate surfaces, elevation and
topography (Fig. 9). For effective natural resource
management and governance according to our princi-
ples, there is a need to optimise citizen engagement in
resource governance processes within relatively homo-
geneous ecological resource landscapes.

The nested resource governance regions were iden-
tified via ‘eco-civic’ optimisation. Optimisation pro-
vides for the best geographical fit of communities
of shared interest (social catchments) with ecologi-
cal landscapes at three inter-related (nested) scales,
while minimising the number of people having the
area they regarded as their community intersected by
the boundaries between the regions. The decision rule
stops movement of a boundary as soon as the social
landscape surface begins to rise steeply out of a ‘val-
ley’ in the surface.

Consultation and feedback from community stake-
holders and government agencies occurred throughout
the project. This provided additional ‘ground-truthing’.
Feedback helped to simplify some of our overly techni-
cal theory and jargon down to the three conditions for a
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Fig. 7. Application of a hydrological model to the social landscape. The ‘valleys’ define linear zones in which an administrative boundary would
minimise the number of people who have the area they regard as their community intersected by that boundary.

regional framework described earlier. These conditions
guided our methodological development and its appli-
cation to the case-study area for further development.

5. Discussion

5.1. Location, location, location

To enable the comparison of the nested resource
governance regionalisation and other public adminis-

trative regionalisations currently in use, the concept of
the Community Capture Index was developed. This is
the proportion of survey respondents for whom the area
regarded as their community is contained within the
boundary of the region or administrative area.

Local governments are important natural resource
managers in Australia as well as playing a role in envi-
ronmental planning, water and waste management and
development controls. Our case-study area contained
36 Local Government Areas. The study shows very
clearly that the areas that people today think of as their
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Fig. 8. The three nested levels of regions and sub-regions that maximise the capture of areas people regard as their community, and minimise
the intersection of these areas by regional and sub-regional boundaries.

community are often cut through by local government
boundaries. For all respondents, these areas were larger
than those within the current local government bound-
aries.

A Community Capture Index value was calculated
for each Local Government Area in the study area. An
interesting bimodal distribution resulted when Com-
munity Capture Index was graphed against the percent-
age of respondents in each Community Capture Index
category for each of the 36 Local Government Areas
(Fig. 10). Most respondents had only about 10% of
the area they regarded as their community within their
Local Government Area.

When public administrative boundaries cut through
relatively high areas on the social landscape, as shown
in Fig. 11, they end up ‘capturing’ more ‘valleys’, i.e.
where there are relatively few people who regard that
area as part of their community. Overall, the mean
Community Capture Index for all the Local Govern-
ment Areas in the study area was less than 10%. In
fact, Local Government Areas perform worse than a
completely random allocation of boundaries, as gover-
nance regions would perform in terms of their poten-
tial to capture the area of civic interest to residents
(Fig. 12). This simply means Local Government Areas
are in the wrong place; they tend to straddle ‘valleys’
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Fig. 9. Ecological landscapes with three levels of communities of shared interest. ‘Eco-civic’ optimisation identifies nested resource governance
regions by allowing ‘juggling’ of boundaries to maximise inclusion of homogeneous landscapes and the inclusion within the regions of the areas
that people regard as their community.

in the social landscape, rather than encircling elevated
regions of the community topography. Amalgamating
Local Government Areas into larger areas will there-
fore not improve performance beyond random. It is not
surprising that State government agency regions per-
form so poorly as well, because such administrative
regions are usually larger groupings of Local Govern-
ment Areas.

Community Capture Indices for a number of bio-
physical regions (e.g., Interim Biogeographic Region-
alisation of Australia (Thackway and Cresswell, 1995)
or catchment management areas) were also calculated
(Figs. 11 and 12). These also performed relatively

poorly. Catchment boundaries and local government
boundaries divide the very communities that have an
interest in the future of their local region and, indeed
must work together towards a sustainable future. To
improve performance, boundaries must change. They
need to be in the right location.

Community Capture Indices were calculated for
public administrative regions, such as those used by
New South Wales Agriculture, Planning Department,
Environment Protection Agency, Agriculture Depart-
ment and Premiers Department. These regions are
larger than Local Government Areas and might, for
this reason, be expected to capture a larger proportion
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Fig. 10. The bimodal distribution of percentage of respondents’ area of interest ‘captured’ by Local Government Areas. Most respondents’ area
of interest fell outside their Local Government Area.

of the areas regarded by survey respondents as their
community. This was found to be the case, although
these administrative regions still did not perform any
better than if regions of similar sizes were randomly
generated (Fig. 12).

All three levels of the nested resource governance
regions derived by eco-civic optimisation (Fig. 9) per-
form much better than existing administrative regions
of similar size (Fig. 12). These regions would pro-
vide a more suitable administrative regionalisation
for any area of public policy and administration
that requires some form of community participa-
tion in collective decision-making. Such areas include
resource governance, ecologically sustainable regional
development, natural resources management, and the
delivery of some state and local government ser-
vices.

5.2. Eco-civic regions for resource governance

There are an increasing number of case studies (e.g.,
Berkes and Folke, 1998; Brunckhorst, 2000, 2002)
and resource governance examples (Gunderson et al.,
1995; McKean, 1996; Johnson et al., 1999) demonstrat-
ing the value of matching scales of social–ecological
systems. Redesigning spatial frameworks for resource
governance arrangements is no easy task, but might be
critically important to civic dialogue, action and adap-
tation towards future sustainability.

The results of this project are immediately rele-
vant. On one hand they show why purely biophysical
or purely political administrative regions may be an
impediment to participation, engagement and action
by communities. The results also show that political
jurisdictions like local government are not representa-
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Fig. 11. Existing Local Government Areas and Catchment management boundaries overlaid on the social landscape. Catchment and Local
Government Area boundaries are located in the wrong place, splitting the very communities that need to work together for a sustainable future.

tive of their residents and communities. If there is a
need for people to work together with a local coun-
cil to build a sustainable future in rural Australia, it
will be a lot easier and produce a better result, if that
council covers the area people think of as their com-
munity. The New South Wales government has been
considering council amalgamations for some time and
encouraging voluntary amalgamations of Local Gov-
ernment Areas without boundary changes. Our results
show that unless boundaries are changed, areal rep-
resentation and the potential for engagement in local
regional issues will not improve. The methodology
developed here is applicable to any non-metropolitan
area. It could be valuable in determining better regional
arrangements for the Natural Heritage Trust, National
Action Plan, Murray Darling Basin Commission and
other national or state natural resource management
policies and programs. There are lessons for catchment
management too. Perhaps integrated catchment man-

agement might be re-interpreted to include the under-
standing of community identity with different parts of
catchments, possibly across the top of several catch-
ments. Policies, programs and community action could
be planned to ‘nest’ up towards the ultimate, whole
catchment targets.

The adoption and application of this new method
to re-defining regional natural resource management
frameworks along with local government and other ser-
vice delivery might be seen as a very big step to take.
However, it is not impossible, because the ‘eco-civic’
regions maximise capture of the area of interest to most
residents and communities and, therefore is likely to
be politically palatable in terms of reform implemen-
tation. Feedback via media, radio talk back and other
stakeholder networks has also indicated a tremendous
willingness by the local communities and businesses
to pursue such change. Local politicians and resource
stakeholder groups say this is not surprising, because,
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Fig. 12. Community capture plotted against mean institutional governance area. All three levels of ‘eco-civic’ regions perform much better than
existing administrative regions of similar size.

it is obvious that it reflects the identity and interests
developed and represented by communities and their
interactions. It has become apparent that our results are
particularly relevant, not only to natural resource plan-
ning, management and governance issues of integration
and coordination, but also to other related areas for
‘whole of government’ service delivery and Local Gov-
ernment Areas. Such regional frameworks may serve
in the future as a common framework for Federal and
State natural resource management programs, as well
as State Government and local government.
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