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Social actors in arid regions must develop strategies to respond to available resources, which are scarce,
variable, patchy and unpredictable relative to other regions. We explore our observations of relationships
amongst people and organisations in Australian deserts using a stylised network model of the structure
of social networks in arid systems. Results suggest that temporal resource variability drives increased
network density, but with fewer strong ties; sparse populations drive a relatively higher proportion of

strong ties, and that networks develop a hub configuration as resource endowments become more
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patchy spatially. These ideas highlight some issues that warrant improved understanding by actors
seeking to enhance livelihoods and local resilience in these extreme environments.

Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

As new analytical methods emerge (e.g. Danon et al., 2005; Fan
et al, 2007; Newman and Leicht, 2007), thinking about social
network structures that were historically rooted in sociology,
economics (see Watts, 2003) and to some degree physics, are being
developed and applied to interdisciplinary problems. For many
such problems, case studies point to the importance of network
structure in how resources are (or are not) mobilised and shared
(e.g. Ernstson et al., 2008; Ramirez-Sanchez and Pinkerton, 2009).
Arid resources can be scarce, variable, patchy and unpredictable
relative to other regions. Hence understanding the networks of arid
communities, and how these are shaped by their arid contexts, is

* Corresponding author. CSIRO, Ecosystem Sciences, PO Box 2583 Brisbane, QLD
4001, Australia. Tel.: +61 7 3214 2359.
E-mail address: ryan.mcallister@csiro.au (R.R.]J. McAllister).

critical for combating desertification, building livelihoods and
managing natural resources.

Here, a network is defined as the emergent structure that arises
from the behaviour of individual ‘nodes’ and how they connect to
one another in the transfer of resources. In this context, nodes may
be individual humans or other organisms, social groups like fami-
lies or communities, or formal organisations like businesses,
government agencies or non-government bodies. Networks
provide the architecture through which information spreads,
markets operate and people render assistance to each other to ‘get
ahead’ or ‘get by’. Not only are network structures shaped by the
behaviour of their nodes, but the emergent network structure
enables and constrains that behaviour (Giddens, 1984).

Social network analysis can provide quantitative measures of
complex system function. It has particular value in promoting
rigour and new insights into the often vague concept of social
capital (Burt, 2005). Analysis of social networks can identify levers
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that can be used to influence the function of complex social-
ecological systems. The motivation for understanding social
networks therefore extends beyond an academic interest. For
example it is important where governments are seeking to enhance
people’s capacity to access resources or to apply resources to
a collective goal. It is also important for businesses that want to
expand market reach, particularly in isolated regions.

Arid social-ecological systems are characterised by a distinctive
mix of driving forces that focus attention on aspects of networks
which are less prominent in other systems. Ecologically, arid
environments mostly experience low levels of primary productivity
and highly variable rainfall patterns. Socially, their communities
tend to be sparse, mobile, and remote from economic and political
opportunities. These factors interact with the ecology to drive
further variability in social and economic domains. One key human
response is mobility (Butt, 2010; McAllister, 2010; Taylor et al.,
2006), both within arid regions and between arid and more
humid regions, which generates further variability. Sedentarisation
of livestock herders, whether driven by policies that restrict
mobility or by household investments in improving their access to
scarce resources (e.g. Sternberg, 2008), demonstrates how social
and ecological drivers, and networks co-evolve.

The causal chain of arid drivers can be viewed as a ‘syndrome’
(Stafford Smith, 2008) which leaves its mark throughout arid systems,
in the particular suite of plant and animal life histories (Chesson et al.,
2004; Stafford Smith and McAllister, 2008), in human settlement
patterns and service delivery models (Long, 1971; Maru and
Chewings, 2008; Stafford Smith et al., 2008), and options for busi-
nesses (e.g. Taylor et al., 2008). Here we explore the impact of indi-
vidual drivers on arid networks, contributing more generally to an
understanding of system complexity along gradients of sparseness in
population from remote to urban and variability in resources from
arid to humid.

By ‘arid networks’ we mean networks based in arid regions and
responding to resources that are scarce and also highly unpre-
dictable in both space and time (“scarce, variable and patchy”),
whether these resources are biophysical (e.g. rainfall, soil nutri-
ents), social (e.g. people, skills) or economic (e.g. capital, market
opportunities). The main literature relevant to the structural
characteristics of arid networks is sociological research focused on
rural networks. Beggs et al. (1996) proposed that rural, social
systems are likely to foster small-dense networks where nodes
have multiple roles. Entwisle et al. (2007) draw on their extensive
data on rural networks in Thailand to show that network struc-
tures are dependant on their context. Isaac et al. (2007) find
a core-periphery structure in agroforestry advice networks in
Ghana. Arid systems are less productive than other rural regions,
by definition, and hence are likely to have populations which
structure differently.

Literature specifically about the effects of arid geography on
networks is sparse. A recent review presented hypotheses about
the characteristics of contemporary social networks in Australian
arid regions, suggesting they tend to be tightly bound, to be hier-
archical in structure and hence prone to power abuses, and to
contain a relatively high proportion of weak ties which can be
mobilised in crises (see McAllister et al., 2008). Additionally, there
is arich stock of ethnographic accounts. While these are not framed
within network theory, they provide compelling evidence of the
ways in which resource distribution in arid systems is managed
through a range of highly adaptive networks. Ethnographic
evidence from desert Australian Aboriginal social structures indi-
cates that arid cultures with small populations benefit from flexible
leadership and rapid exchange of ideas, but conversely also suffer
from the potential for nepotism and corruption, and the dominance
by ‘big men’ with resource limitations increasing the competition

for scarce resources (see Holcombe, 2004, 2005; Meggitt, 1962;
Myers, 1986; Peterson, 1975, 2000).

This paper uses a stylised model which generalises network
formation across sectors (economics, society, business, ecology),
with a focus on features relevant to network responses to the scarce,
variable and patchy resources characteristic of arid regions. The
model is then analysed to explore how network structure is affected
by changing levels of resource scarcity, and of spatial and temporal
variability in the resources as experienced by individual nodes. The
aim is to better understand the likely structures of networks influ-
enced by these arid system characteristics. The resulting networks
could have implications for different forms of business networks (e.g.
mining services companies concentrated on occasional large busi-
ness opportunities compared to tourism networks focused on many
small opportunities; cf Taylor et al., 2008), networks among pasto-
ralists (i.e. herders, graziers, e.g. exchanged grazing rights, see
Reeson et al., 2008), or Aboriginal social networks today. The paper
concludes by discussing some implications of arid network struc-
tures for policy and management aimed at improving the livelihoods
of those who live in arid regions.

2. Conceptualising arid networks

In framing problems networks need to be carefully defined. The
building blocks for a network are its nodes (the entities in the
system) and ties (the links between nodes). Clear rules about what
constitutes a node need to be established, as do rules that establish
what defines a tie between two nodes and also the strength of the
ties.

The idea of tie strength is particularly relevant to resource
distribution in arid systems. The theory of the ‘strength of weak
ties’ holds that weak ties can be more efficient than strong ties in
gaining resources like key pieces of information and business
opportunities (see Granovetter, 1983 for a review, and Granovetter,
1973 for original text).! This is particularly relevant where
resources are heterogeneous: Ties between nodes within a dense
cluster tend to be relatively strong. This is what gives the cluster its
cohesion, but also means that the nodes within the cluster are
accessing the same set or source of resources. Any nodes that have
ties to other nodes outside that dense cluster have access to
different resource concentrations. Such ties do tend to be weaker
since strong ties act to ‘pull’ the outside nodes into being part of the
dense cluster. Burt (2004) develops such ideas in detail, describing
how ‘broker’ nodes bridge ‘structural holes’ between relatively
‘closed’ (dense) networks.

The implications of the mix of weak and strong ties depend on
the context (e.g. see Fritsch and Kauffeld-Monz, 2010). In arid
systems the relative importance of weak ties is likely to be driven
by local heterogeneity of resources , leading to periods of localised
resource deficiencies (McAllister et al., 2008): the more common
and unpredictable local deficiencies are, the greater the number of
ties required to insure against catastrophically low levels of
a resource. From this discussion, it can be seen that the term ‘weak
tie’, whilst technically correct, may be misleading in arid networks
— these are ties which need to be persistent and which are also
relatively cheap to maintain. Accordingly, henceforth, we use the
term ‘wiry tie’ — lean, but efficient in the face of resource
limitations.

! These concepts are normative and may be understood quite differently by
Aboriginal people. For instance, nepotism may be understood merely as entitle-
ment, whereby a family has primary rights to an area of land and thereby its
resources by virtue of inherited rights. It may just so happen that a settlement is
established on this land and thus further resources are available to be monopolised.
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In general, existing theory suggests that reciprocity facilitated
by strong ties is the priority for survival (e.g. Meert, 2000), but, as
resource availability becomes less certain, weak (or wiry, as used
here) ties do more to manage risk. This is because as resource
variability increases, there is less chance that any strong ties will
link to nodes with resources to share.

Real networks can appear to lack the clear scope and boundaries
that are required by theoretical definitions: a network view can be
applied to a diverse range of contexts, and there will be many
interacting networks in a single system. For example, the ties
through which information flows in classical central Australian
Aboriginal societies also defined the network through which foods
and other resources were shared (Myers, 1982). Sociologists examine
the multiple roles of networks under the term ‘multiplexity’. This is
more likely to be an important feature of rural area networks than
those in more densely settled regions where networks are able to
involve different sets of people or organisations (Beggs et al., 1996).
Multiplexity needs to be understood and addressed in proposing
generalities based on quantitative statistics about network structure.

3. Model

Here we present a computational model which allows network
structures to emerge from the individual decisions of many nodes.
The mechanics of the model are complex, but the underpinning idea
is very simple. In the model, individual nodes in a network mathe-
matically optimise who they share resources with. This models
behaviour in human societies where sharing resources may promote
survival in bad times, but also involves costs. Such models do not
prove anything. Rather they formalise descriptions of emergent
network processes based on transparent underlying assumptions.

There is an extensive economics literature on modelling
network formation (e.g. Bala and Goyal, 2000; Boorman, 1975;
Jackson and Watts, 2002; Toivonen et al, 2009). Our model
borrows from these more formal modelling frameworks, but is
itself a simple combinatorial optimisation model, focusing on how
networks respond where resources are scarce, patchy and variable,
as in arid systems. Each run of the model assumes a fixed number of
nodes, each having a fixed effort-budget which they can allocate to
create persistent, non-decaying ties to other nodes. The model
explores optimal static network structures.

Table 1
Key model assumptions (see supplementary material).
Assumption Description
1 Nodes are non-cooperative and hence what may

appear to be cooperation is mutually beneficial
selfish behaviour

2 The resource holders endowments do not lose value when
shared, (e.g. knowledge, sharing, support) though its
value to those who acquire the resources is depreciated
based on the strength of the network tie to the node
holding the resource

3 Nodes maximise their median (rather than mode or mean)
of resources held, where the median
is taken overall time periods

4 Each node has a fixed effort-budget used for maintaining
ties to other nodes

5 The allocation of effort used for maintaining ties is constant
across all time periods in the model

6 Each model received the same total (but not distribution)
of resources in each run of the model

7 A strong tie is defined as a link (tie) between any

two nodes where the allocation of effort is more than
one-third of the maximum possible allocation.

The network is formed by nodes making individual (non-coop-
erative, see Bala and Goyal, 2000; Assumption 1, Table 1) choices
about which ties to invest in, given that the effectiveness of their
investment is affected by the investments of all other nodes.
Resources are injected into nodes probabilistically, providing them
with direct benefits, and there are indirect benefits to other nodes as
resources flow via the network’s ties. The degree to which resources
flow through the network ties is based on the strength of relation-
ships between nodes. Once a node has obtained resources, those
resources depreciate over time. We also assume that the resources
shared do not lose value (e.g. sharing knowledge or equipment, or
offering support) and hence sharing the resource does not reduce
the resources of any individual (Assumption 2). The problem for each
node is therefore how to allocate its networking efforts to maximise
its median expected resources held over time (Assumption 3).

An important concept in terms of interpreting the model is that
we do not analyse the material flow of goods, knowledge and other
resources, but rather the ties that facilitate flows through the
network. The main advantage is that the structure is likely,
conceptually at least, to provide more general insights than mate-
rial flows alone; in particular aspects of human reciprocity can
result in important ties that may not result in bilateral material
flows (see Fig. 1; Schaniel and Neale, 2000). Further, the assump-
tions we use are largely consistent with knowledge flows (partic-
ularly Assumption 2), but by looking very generally at how
networks form in response to resource availability, we assert that
the relationship between the results and drivers holds lessons that
are general enough to inform a range of topics. In addition, in the
Appendix (supplementary material) we relax some assumptions
(including Assumption 2). This confirms that assumption param-
eter selection does not change the general implications of the
model. While we base our assumptions on our expert knowledge of
arid systems, the implications are broadly applicable to networks
elsewhere that are faced with similar drivers.

3.1. Descriptive measures of network structure

This model produces networks which are defined by the allo-
cations of the effort-budget towards network ties across all nodes;
these patterns then require interpretation. Some modelling exer-
cises have defined weak ties as those where only one of two nodes
allocate effort towards the tie (e.g. Boorman, 1975), but this
approach is incompatible with the current model which assumes
a tie will only be active when both nodes allocate effort (see sup-
plementary material). Hence we define a strong tie as one where
the allocation is more than one-third of the maximum possible
allocation to that tie (Assumption 7). All other ties (where both
nodes allocate effort) are defined as wiry ties, the term we introduce
above to signify ties that, while weak, may be efficient in their arid
context.

Path length is defined as the number of intermediate nodes
along the shortest path between any two nodes. Network density is
defined as the number of connections (either wiry or strong) in the
network as a percent of all possible connections. Clustering
measures how cliquey a network is, as the likelihood that the nodes
connected to a node are themselves connected. The weighted
clustering coefficient calculates this for networks with ties of varying
strengths (see Barrat et al., 2004; Barthelemy et al.,, 2005) and
where 7 (see Equation (1) in supplementary material) is used to
define the weights of the network ties. We use the Boost library
algorithm (Gleich, 2007). Finally, centrality measures how impor-
tant key nodes are in the system. There are many concepts and
measures of centrality; we use betweenness centrality (see
Freeman, 1977, 1978) with 7 used to define the strength of ties,
again applying the Boost library algorithms (Gleich, 2007), though
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Fig. 1. Response of measures of network structure to changing the probability of resource injection into any node (v on x-axis — essentially resource variability in time decreases as v
increases): (a) density; (b) path length; (c) centrality; (d) clustering coefficient; (e) number of ties per node; (f) proportion of wiry ties; (g) number of wiry ties per node; and, (h) number
of strong ties per node (see Section 3.1 for definitions). Solid line refers to the non-cooperative model, with the vertical lines indicating 95% confidence intervals of the results; dashed line
refers to the alternative cooperative model (see Section 4.4). Twenty-five percentile ranges are used in graphs to show the spread of the results across the 20 runs.

we present a node’s betweenness centrality as a percentage of the treatment was replicated 20 times with different random seeds.
sum of the betweenness centrality of all nodes for a given network. Not only does each of the 20 runs have a different resource distri-

Model experiments used these network measures to explore bution, but even the same resource distribution would produce
key arid drivers and model sensitivity to some assumptions. Each different networks because the satisficing solutions are quite path
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dependant. In the figures, average results are presented and
twenty-five percentile ranges are used to show the spread of the
results across the 20 runs.

For further model details, including all equations, see Appendix
(supplementary material).

4. Results
4.1. The effect of changing temporal resource variability

A sensitivity analysis was conducted on the probability of resource
injection into nodes (Figs. 1 and 2). This tests the effect on network
structures of changing the arid system driver of patchiness over time.
Complicated but explicable behaviour emerged. Low probabilities of
resource injection (i.e. high levels of variability) were associated with
a high proportion of wiry ties. At both extremes of variability strong
ties are more common relative to wiry ties. However, networks under
extreme low variability were distinguished from those under high
variability by their betweenness centrality. At extremely high vari-
ability (low v, see supplementary material for more details on model
terms), the network is very centralised with strong ties associated
with the formation of a hub configuration. From there, even slight
decreases in variability (increases in v) quickly lead to the formation
of networks with low centrality (Fig. 1¢), dominated by nodes with
a diverse spread of wiry ties (Fig. 1g). As variability decreases further,
strong ties again grow in proportion, but centrality never reaches the
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levels associated with extreme variability. This is because these
strong ties are indicative of strong reciprocal relationships rather
than a hub configuration (Fig. 2). However, the level of extreme
variability applied here is probably unrealistic.

Summary I: Increasing resource variability over time drives
networks to be relatively more densely connected, but with
a greater proportion of wiry ties.

4.2. The effect of the number of nodes

Arid systems tend to contain relatively fewer actors than others.
To explore this we tested how network structures changed with the
numbers of nodes N, relative to the base value of 10. As the number of
nodes in the system decreases, from 25 down to and below the base
value of 10, the number of ties per node decreases (Fig. 3e). Down to
N = 8, the decrease in the number of ties is as a result of fewer wiry
ties and in fact the number of strong ties increases slightly (Fig. 3g
and f). Below N = 8, the trend reverses. However, network density
increases consistently in smaller networks (Fig. 3a), meaning that
node ties expressed as a percentage of the total possible ties
increases (now from fewer options) as node numbers decrease.
Small networks also have high centrality (Fig. 3c).

Summary II: Smaller networks have a greater proportion of strong
ties.

Low variability
(v=0.50)

8)

’
?
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-
Cx
&
\©;

(N=12)

Fig. 2. Example networks showing degrees of resource variability and various network sizes (with base assumptions). Solid and dashed lines indicate strong and wiry ties.
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cooperative model results shown.

4.3. The effect of changing the patchiness of spatial resources

Arid systems tend to have resources that are clumped in
space. The base model assumes that all nodes have an equal
probability of being endowed with resources in any given time
period (Assumption 6, Table 1). This assumption is now relaxed
to examine the impact of spatial patchiness by picking one

focal node for which the scale of the resource endowment is
increased, whilst maintaining the same probability of a node
receiving a resource endowment. Scaling up resources for
a focal node increases network centrality (Fig. 4c), and reduces
network density as a result of a decrease in wiry ties (Fig. 4a
and f). Visually, this gives rise to hubs or hub configurations
(Fig. 5).
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Summary IllI: Networks with consistently advantaged nodes are

likely to develop a hub configuration.

4.4. Cooperative and non-cooperative networks compared

As noted (Assumption 1), the model as described assumes non-
cooperative decision making, such that individual node’s choices
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can decrease the overall network payoff. However, some networks
may be affected by strong social norms which promote cooperative
behaviour. To test the impact of this assumption on the generality of
the results, a cooperative optimisation algorithm was applied (i.e. in
general, nodes’ decisions must increase the whole network payoff).

Differences between the cooperative and non-cooperative
models were too slight to draw strong conclusions (Fig. 1), but one
feature is worthy of comment. At intermediate levels of temporal
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strong ties per node (see Section 3.1 for definitions).
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All nodes equal
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8, v=0.10)

)

Fig. 5. Example networks showing effects of different levels of extra resource injection in a key (shaded) node of a network with N = 6 (above) or 8 (below), with strong and wiry

ties indicated by solid and dashed lines.

variability (v ~ 0.1) the conformity in the density and total number
of ties masks differences in the mix of wiry and strong ties. The
cooperative model networks favour strong ties over wiry when
compared to the non-cooperative networks.

5. Implications for policy and management

Policy makers seeking to improve the livelihoods of desert
dwellers need identifiable policy levers. This paper presents ideas
rather than prescription, and strong policy guidance needs strongly
contextualised studies. However the findings of this paper suggest
some framework issues for policy action which deserve further
testing. Here policy implications are explored in the context of arid
Australia.

Recent practitioner literature from Australia argues that better
networking, higher bridging social capital and increased critical
mass are important for improving outcomes for those entities
involved in the network (e.g. Brown, 2000; Enright and Roberts,
2001; Hunt and Smith, 2007; Measham and Brake, 2009).
However, the model shows that the effects of temporal variability
in resources and numbers of nodes generate tensions on idealised
network architecture. People and organisations in arid regions are
limited in the number of ties that they can readily make by sparse
populations. The model predicts that the small population of arid
regions creates an impulse that is contrary to the drive from vari-
ability towards more diverse ties, driving nodes to favour fewer but
stronger ties.

The model suggests that the balance between strong and wiry
ties is quite complex, explaining the dissonance expressed by
McAllister et al. (2008) where arid networks were both seen to
possess extensive wiry ties, yet to be exemplified by powerful
reciprocal obligations in Aboriginal group (e.g. Keen, 2004;
Strehlow, 1970) and pastoral societies (see McAllister et al., 2006).

The diversity of tie strengths is supported by the work on
business clustering by Taylor et al. (2008) (see Stafford Smith and
Cribb, 2009). They found that mining services companies rapidly

created strong network relationships compared to the wider diffuse
networks of the tourist and outback foods industries, and the
smaller weaker networks among outback architects. Mining
services companies are responding to variable, large resource
inputs (in the form of contracting opportunities with large mining
companies). Strong ties were vital to allow a number of relatively
small companies to scale up to the capacity required to deliver on
these contracting opportunities. In contrast, whilst resource inputs
were also variable for the tourist industry (varying tourist demand
through time and across different destinations geographically),
there are many more players who are each able to access some
resource inputs (tourists) without the costs involved in establishing
strong ties. The moderate numbers of strong ties that formed in the
mining services cluster thus contrasted with the diffuse wiry ties in
tourism (which probably also had more of a hub configuration with
some large companies and major tourism sites such as Uluru) in
ways which correspond the model outcomes.

The implications of network structures in arid Australia can be
condensed into three key lessons; all of which may be applicable
not only outside of Australia, but also in non-arid networks exposed
to similar drivers.

5.1. Reduce the transaction costs involved in establishing wiry ties

Whether the nodes are people, businesses or organisations,
there are transaction costs incurred by nodes in creating and
maintaining ties (Gordon, 1994). Reducing such transaction costs
can allow nodes to make better use of ties and improve the effi-
ciency of the ‘market’. This idea is widely entrenched in economics,
as is the idea that networks which link supply and demand form
economic markets and development (e.g. Crowe, 2007;
Granovetter, 2005). However, the implication in arid systems is
that novel solutions to reducing transaction costs are required to
overcome the sparseness and mobility of their human populations.
For example, ‘Desert Knowledge Australia’ works towards estab-
lishing business clusters in arid Australia, activities that effectively
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subsidise the costs of learning how to use cutting edge telecom-
munications and teleconferencing facilities for business (Taylor
et al., 2008). Such approaches take new global technologies and
adapt them to deal with the transaction costs that are particularly
relevant to arid systems. Researchers also have been exploring
technological solutions to reduce networking transactions costs in
semi-arid pastoral systems (Reeson et al., 2008). Fostering social
norms that then facilitate the efficient activation of wiry ties when
needed is another means to reducing transaction costs. There are
numerous examples of activities that build positive social norms
such as dustWatch (Leys et al., 2008), Warlpiri radio (Hinkson,
2004), and sport (e.g. Tonts, 2005).

5.2. Expect and manage for dense, hubbed networks

Understanding hubs is an important issue because they are
often implicated in network designs (e.g. innovation clusters, see
Fromhold-Eisebith and Eisebith, 2005). As we have shown, local
networks are likely to be dense with strong ties, and will often
evolve to have hubs in arid regions. These provide both benefits and
threats to institutional structures. Benefits include the opportunity
for strong leaders to act effectively and flexibly, and it is particularly
important to support those leaders actively in arid areas — this is
also a major finding of research on institutions among natural
resource management (Measham and Brake, 2009) and among
contemporary Aboriginal governance structures (Hunt and Smith,
2007). Threats include the natural tendency for power to accu-
mulate with a few people who have strong reciprocal obligations to
their immediate network, such that there is a high risk of nepotism
and abuse of power. There is no point pretending this will not
happen — it is a natural outcome of this type of network — so it is
important to establish and support effective mechanisms of
downwards accountability which do not depend solely on the
informal social networks (see, for example, Moran and Elvin, 2009).
By accepting the risks, the goal here is to consciously act to mini-
mise the bad effects whilst maximising the good ones.

5.3. Work with the diversity of arid networks to increase local
resilience

Local resilience to crises will depend on institutions and indi-
viduals that can activate wiry ties in flexible ways. Distant legisla-
tion or policy that forces particular structures on arid networks
(formal or informal) is likely to create sub-optimal responses. For
example, many arid institutions acquire local flexibility. Yet cen-
tralised decisions tend to reduce overlapping capacities, while
degrading the ability of institutions to work together in unpre-
dictable, unknowable teams in times of crisis. An example is the
recent amalgamation of local government in central Australia. The
aim is to improve economies of scale, but aiming for economies of
scope may be a better, more flexible goal (see Campbell et al., 2008;
Dollery and Fleming, 2005; Stafford Smith and Cribb 2009). Ulti-
mately, the success of these new governance arrangements will
depend on how economies of scope and scale interact with and
respond to issues and needs as they arise in multiple small scale
and diverse local contexts.

Meanwhile spontaneous (but temporary) local coordination
occurs among local government, natural resource groups and
regional development bodies (Measham and Brake, 2009). This
creates innovative solutions to the region’s problems that would be
unlikely to emerge from a legislated requirement for these bodies
to cooperate. In short, institutions in arid systems may need to be
constructed with overlapping functionality and facilitated to work
jointly on crisis issues.

All these proposals are offered in the form of plausible
hypotheses that emerge from the convergence between our simple
network model and observations of reality in arid regions. These in
turn thus create hypotheses that now require further testing and
elaboration in the field.

6. Conclusion

Arid systems are characterised by high variability in resource
supply in time and space, and sparse populations (and conse-
quently also sparse institutions), all relative to less arid systems.
Because arid systems are exposed to extremes, they provide an
excellent case into how context shapes networks. Here a model is
used to structure hypotheses about how arid characteristics shape
networks. While we focus on arid systems, the model holds for all
networks exposed to key drivers in arid systems, variability of
resources in particular.

A simple, stylised network model, where nodes make optimal
investments in ties to other nodes in order to share or trade
resources supplied with different degrees of variability in time and
space, showed that: (I) Increasing resource variability over time
drives networks to be relatively more densely connected, but with
a greater proportion of wiry ties; (II) Smaller networks have
a greater proportion of strong ties; (Ill) Networks with consistently
advantaged nodes are likely to develop a hub configuration. In
general, these findings are supported by and provide an explana-
tion for observations about the characteristics of contemporary
Australian arid social networks, although the characteristics of
strong and wiry ties need further elaboration. We have also
explicitly identified a variety of simplifying assumptions in the
model as presented in Table 1, and these also deserve further
exploration.

We conclude that arid networks are likely to show significantly
different characteristics to those of less arid regions, warranting
further investigation in terms of the implications for models of
institutional arrangements, service delivery and governance in
these regions. In particular, the model results suggest that
governments concerned to promote self-reliant habitation and
management in sparsely populated arid regions should: (i) invest to
reduce the costs of developing and sustaining wiry ties within the
region and to the outside; (ii) recognise that dense, hubbed
networks are likely to develop naturally in arid regions, providing
both benefits (good leadership and fast adaptability) to be
promoted and risks (centralised power, corruption and nepotism)
that should be explicitly guarded against; and (iii) increase local
resilience to crises by facilitating flexible networking and durable
wiry ties among overlapping local institutions, rather than amal-
gamating and homogenising institutions in ways that disrupt the
natural development of effective arid networks.
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