
Understanding Variability in
Adaptive Capacity on Rangelands

Item Type text; Article

Authors Marshall, Nadine A.; Smajgl, Alex

Citation Marshall, N. A., & Smajgl, A. (2013). Understanding variability
in adaptive capacity on rangelands. Rangeland Ecology &
Management, 66(1), 88-94.

DOI 10.2111/REM-D-11-00176.1

Publisher Society for Range Management

Journal Rangeland Ecology & Management

Rights Copyright © Society for Range Management.

Download date 26/05/2023 10:17:59

Item License http://rightsstatements.org/vocab/InC/1.0/

Version Final published version

Link to Item http://hdl.handle.net/10150/642691

http://dx.doi.org/10.2111/REM-D-11-00176.1
http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/642691


Rangeland Ecol Manage 66:88–94 | January 2013 | DOI: 10.2111/REM-D-11-00176.1

Understanding Variability in Adaptive Capacity on Rangelands

Nadine A. Marshall and Alex Smajgl

Authors are Senior Scientists, CSIRO Ecosystem Sciences, Townsville, QLD 4811, Australia.

Abstract

The art and science of developing effective policies and practices to enhance sustainability and adapt to new climate conditions
on rangelands and savannas are typically founded on addressing the ‘‘average’’ or ‘‘typical’’ resource user. However, this
assumption is flawed since it does not appreciate the extent of diversity among resource users; it risks that strategies will be
irrelevant for many people and ignored, and that the grazing resource itself will remain unprotected. Understanding social
heterogeneity is vital for effective natural resource management. Our aim was to understand the extent to which graziers in the
northern Australian rangelands varied in their capacity to adapt to climate variability and recommended practices. Adaptive
capacity was assessed according to four dimensions: 1) the perception of risk, 2) skills in planning, learning and reorganising, 3)
financial and emotional flexibility, and 4) interest in adapting. We conducted 100 face-to-face interviews with graziers in their
homes obtaining a 97% response rate. Of the 16 possible combinations that the four dimensions represent, we observed that all
combinations were present in the Burdekin. Any single initiative to address grazing land management practices in the region is
unlikely to address the needs of all graziers. Rather, policies could be tailored to type-specific needs based on adaptive capacity.
Efforts to shift graziers from very low, low, or moderate levels of adaptive capacity are urgently needed. We suggest some
strategies.
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INTRODUCTION

Millions of people around the world depend on the grazing
resources of rangelands and savannas for their livelihood (Li et
al. 2008). However, reports of extensive and severe degradation
within these social and agro-ecological systems, resulting from
both natural and anthropogenic causes, suggest that their long-
term sustainability is uncertain (Stafford Smith et al. 2007;
Sietz et al. 2011). The widespread clearing of native vegetation
in many regions and its replacement with grazing systems, and
the expansion of cropping and ploughing, has additionally and
significantly increased erosion and impacted productivity
(Hunt et al. 2007; Hobbs et al. 2008).

Degradation processes are especially accelerated during
drought periods (Baker 2002; McKeon et al. 2004; Howden
et al. 2007). Given that climate models largely predict that by
2030 some areas of northern Australia will be experiencing
more droughts and lower summer rainfall (Cobon et al. 2009),
effective management of rangelands is becoming urgent
(Puigdefabregas and Mendizabal 1998; Briske et al. 2010).
Graziers may have to contend with more frequent climate crises
(such as drought and flood) and environmental degradation
(such as eroding soils and limited production during drought
periods) as climate change impacts manifest. If rangelands are
to be protected from further degradation, and dependent
industries and communities are to be sustained, new strategies
to manage them may need to be considered.

Managing rangelands for climate change is about motivating
graziers to make appropriate management decisions in the face

of climate variability (Stafford Smith et al. 2009). These
decisions need to benefit both graziers and the region.
Recognizing critical periods and years (both drought years
and years of plenty) can be crucial in determining the extent
and magnitude of the impacts associated with climate change
(Eakin and Conley 2002; Walker 2005). Knowing when to alter
stocking rates, when to supplement feeding, when to agist,
when to burn, and when to alter water supplies, for example,
can differentiate between those graziers that are likely to be
successful at sustaining their land in the long term and those
that are not (McAllister et al. 2005; McAllister et al. 2006a;
McAllister et al. 2006b; McAllister et al. 2006c). Graziers must
also allocate resources each season based on their expectations
about prices and rainfall within each season (Anderson 2003;
Ash et al. 2007; Marshall et al. 2011). Adaptation success not
only depends on keeping productivity at a sufficiently high level
during any one season, but also on reducing stocking levels to
reduce the impact on the future ability of the land to produce. If
stocking rates are too high at the onset of drought, for example,
soil sustainability may be diminished and impact on the
productivity of future years (Watson 2004; Thomas 2008).
While many graziers, however, do employ sustainable practices
(Didier and Brunson 2004; Brunson and Huntsinger 2008;
Fernandez-Gimenez and Knapp 2009; LaFlamme 2011), not all
graziers employ strategies that are likely to be successful over
the longer term (Brodie et al. 2001).

To encourage the uptake of sustainable practices and
enhance the resilience of rangelands, governments and com-
munities have introduced a range of initiatives. These have
included regulatory, educational, voluntary, and market-based
instruments (Moon and Cocklin 2011). These efforts, however,
have been variable in their success (Sankey et al. 2009; Briske et
al. 2011; Measham et al. 2011b). This might be because
rangelands are biophysically variable, often low and patchy in
their productivities and populations, and populations are
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frequently disempowered from policy centers (Cobon et al.
2009; Sietz et al. 2011). This variability might also be
attributed to graziers—already dealing with an existing
backdrop of conventional drivers, including economic, bio-
physical, institutional, cultural, and political pressures. Cultur-
al and regulatory changes are likely to be an additional and
unwelcome demand (Adger 2000; Berkes and Jolly 2001;
Morrison et al. 2004; Marshall 2010). However, we also think
that a significant part of the reason that sustainable practices
are not adopted by graziers is that policies and practices are
typically founded on addressing the ‘‘average’’ or ‘‘typical’’
resource user and do not appreciate the extent of diversity
among grazier populations. Implementing resource-protection
strategies without sufficient knowledge of the capacity of
people to cope and adapt to them may impose levels of stress
upon individuals and communities to such an extent that their
ability to adapt, tolerate, or prosper under a new system is
compromised (Measham et al. 2011a). Such strategies are also
likely to result in poor compliance, and the natural resource
may remain unprotected (Sutinen and Kuperan 1999).

Understanding social heterogeneity within populations of
resource users is important for effective natural resource
management and climate adaptation planning (Andersen et
al. 2007). We set out to understand the capacity that graziers in
the northern Australian rangelands had in adapting to climate
variability and adopting new practices, and in particular to
examine the variability among them. This study represents an
early attempt to directly ‘‘match’’ various potential policy
options to the full range of individual ‘‘types’’ on rangelands
and savannas. Our aim was to identify the ‘‘types’’ of graziers in
rangelands of northern Australia on the basis of their adaptive
capacity and discuss whether potential policy options could be
devised that are better matched. This knowledge may
significantly improve the way in which resource policies are
designed and received; social impacts might be minimized and
conservation goals might be more easily achieved (Burdge and
Robertson 1990).

The capacity to cope and adapt to climate variability has
been described in many ways and at various scales and is
closely related to the concept of resilience (Nelson and
Robinson 2009). Resilience represents a property that sustains
social and ecological systems and the capacity of a system to
absorb change and reorganize so as to retain essentially the
same function, structure, identity, and feedback (Folke et al.
2002; Gunderson and Holling 2002; Colding et al. 2004).
Resilience theory predicts that through the maintenance of
properties that can confer resilience, resource managers might
be able to sustain natural resources and the social systems
dependent upon them (Gunderson 1999; Gunderson et al.
2002). We refer readers to earlier work on the resilience and
adaptive capacity of resource users in northern Australia and
on rangelands to a variety of change events (Walker and
Janssen 2002; Marshall and Marshall 2007; Marshall 2010).

Essentially, adaptive capacity is the potential to convert
existing resources into useful strategies. At the individual scale,
it is not simply having access to resources or diverse options
that define capacity, even though these factors might be
important influences (Bohensky et al. 2010; Darnhofer et al.
2010; Marshall 2010; Berry et al. 2011). Adaptive capacity has
been described elsewhere at the individual scale as comprising

four essential dimensions: 1) the capacity to manage risk and
uncertainty, 2) the capacity to plan, learn and reorganize, 3)
emotional and financial flexibility to incorporate the costs of
change, and 4) the level of interest in adapting to change. These
dimensions closely resemble factors that confer resilience at
other scales (Adger et al. 2002; Gunderson and Holling 2002;
Walker et al. 2004). Previous research in social resilience and
climate adaptation has used these factors to examine their
influence on adaptive capacity in relation to policy perceptions
(Marshall 2007) and resource dependency (Marshall et al.
2007). These dimensions describe why some individuals are
likely to adapt better than others given the same circumstances
and situations (Marshall et al. 2011). In this research context,
we applied these four dimensions to assess the capacity of 100
graziers in northern Australia and assessed the extent to which
the graziers varied in their capacity to adapt to climate
variability and to adopt new practices.

METHODS

The Case Study Region
This study focused on the Burdekin River region in Queens-
land, northern Australia (lat 20838037 00S, long 147808017 00E).
The Burdekin ‘‘dry tropics’’ region or catchment is one of the
most significant in terms of land management practices in
imparting sediment into the whole of the Great Barrier Reef
catchment (Brodie et al. 2001). The region is located in
northeastern Queensland and covers an area of about 36 000
km2. The catchment is bound by mountain ranges on the inland
side; draining the western side of the coastal ranges and the
eastern side of the Great Dividing Range (Stokes et al. 2006).
The area has relatively high temperatures, low humidity, and
intensely weathered and leached soils. The climate is charac-
terized by pronounced wet and dry seasons, with most rain
falling between November and April. Average rainfall ranges
between 650 and 1 500 mm annually (Stokes et al. 2007).

The region is especially dependent on agriculture and
mining. Cattle grazing represents about 96% of land use in
the region. The mean size of grazing properties is 280 km2

(Herr et al. 2005). Since the 1970s there has been a general
trend to intensify grazing in the region through use of the
following: the development of heat and tick resistant strains of
cattle, tree clearing and pasture development using exotic
pasture grasses and ponded pasture systems, the use of licks
and feed supplements, fencing, and rotational grazing systems
(Stokes et al. 2007). Most of the agricultural properties are
leasehold and family operated. About 55% of the graziers are
under 50 years of age and, about 50% of graziers are members
of Landcare, which is a partnership between communities,
government, and business with more than 4 000 volunteer
community groups across Austral ia (http: / /www.
landcareonline.com). Production can vary by 30% between
years. For example, profit was negative in two out of five years
over the previous 25 years (Griener et al. 2008). Adoption of
sustainable grazing practices in the region is attributed to
increased levels of formal and informal training and financial
capacity, with the driver for adoption being profitability and
knowledge (Greiner et al. 2008). Family members have been
identified as the most important source of information for
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decisions on property management including sustainable
farming practices (Greiner et al. 2008).

Survey Development and Administration
Statements for describing adaptive capacity according to the
four main dimensions listed above were scoped from the
literature, with colleagues and with two graziers, and were then
pilot tested (Table 1). Respondents were mostly asked to rate
how strongly they agreed with each statement using a four-
point rating scale (1 ¼ strongly disagree, 2 ¼ disagree,
3 ¼ agree, 4 ¼ strongly agree). This scale was especially useful
in quantifying and comparing attitudes, since results could be
standardized and contrasted (Willock et al. 1999). The decision
to use a five-point scale was specifically omitted so as to
discourage the use of an ‘‘unsure’’ or ‘‘neutral’’ option, which
can be difficult to interpret. Further, respondents are likely to
choose ‘‘neutral,’’ given the option, yet, if it is not present, they
do not seem to request one (personal observation). Respon-
dents were instructed to leave a response blank if they wanted
to.

Some statements were worded positively, while others were
worded negatively so as to minimize any influence on
respondents. Responses to negative statements were reversed
prior to analysis. Statements and questions were also asked to

understand the population of graziers in terms of their level of
dependency on the grazing resource (Marshall et al. 2007;
Marshall 2011).

The ‘‘face-to-face’’ quantitative survey was administered to
cattle graziers in the Upper Burdekin region, Queensland,
between March and July 2007. The research was promoted
through the media and graziers were invited via written
correspondence to participate in the research. The graziers
were contacted by telephone to organize interviews in their
homes. A total of 100 graziers participated in the survey, and a
response rate of 97% was obtained (i.e., only 103 graziers were
able to be contacted). As there are approximately 120 graziers
in the Upper Burdekin region, the sample size represents
approximately 83% of graziers in the region. The correct
contact details for the remaining 17 graziers were unobtain-
able.

Data Analysis
Adaptive capacity was assessed by the percentage of responses
that agreed or strongly agreed to each statement. The means for
each dimension of adaptive capacity to climate variability was
calculated. Means greater than or equal to 3.0 were considered
to represent positive capacity for each dimension, and are
represented by a capital letter A, B, C, or D as shown below.
Conversely, means less than 3.0 were considered to represent
lower capacity for each dimension and are represented by a
lower case a, b, c, or d. Each of the 100 individuals was
allocated to one of the 16 possible typologies based on the
means of each of the four dimensions of adaptive capacity
identified by Marshall and Marshall (2007). Using the
following letter combinations, individuals were typed accord-
ing to A/a, B/b, C/c, or D/d, where

A¼ high capacity to manage risk
a¼ low capacity to manage risk
B¼ high capacity to plan, learn and reorganize
b¼ low capacity to plan, learn and reorganize
C¼ high emotional and financial flexibility
c¼ low emotional and financial flexibility

D¼ highlevel of interest in adapting to change
d¼ low level of interest in adapting to change.

For example, a grazier with particularly high adaptive
capacity on all dimensions would be coded as ABCD, whereas
a grazier with low adaptive capacity on all dimensions would
be coded as abcd.

RESULTS

The characteristics of graziers are presented in Table 1 for
contextual purposes. A description of the capacity of graziers to
adapt to climate variability is presented in Table 2. Results
suggest that for the first dimension of adaptive capacity,
graziers perceived the risks associated with climate risks
positively. For example, 90% of graziers thought that they
were ‘‘more likely to survive drought compared to other cattle
producers,’’ and 82% said that they were ‘‘learning to survive
drought periods more easily as [they] got older.’’ On the second
dimension of adaptive capacity, graziers appeared to plan for

Table 1. A description of cattle graziers in the Burdekin region, Australia
(June 2009).

% agreed

Graziers with family members involved in grazing

enterprise

94.8

Self-employed 92.7

My property is crown leasehold 75.8

My property is both leasehold and freehold 10.0

Proportion of income from the cattle enterprise 53.4

Most (76–100%) income derived from cattle enterprise 79.5

Property income between $150,000–500,000 per annum 36.7

Property income greater than $5 million 3.8

After-tax income1 between $30,000 and $60,000 per

annum

30.8

My business is about breeding cattle 23.3

My business is about breeding and growing cattle 66.3

Mean number of employees 2.7 (SE¼ 0.1)

Local knowledge

I continually move cattle around depending on

what I think the weather will do

70.8

I have always lived on grazing land 82.8

Mean years on grazing lands 24.9 (SE¼ 1.4)

Mean number of droughts experienced 7.7 (SE¼ 0.7)

Mean number of extreme droughts experienced 3.1 (SE¼ 0.7)

Environmental behavior

Mean number of cattle 3 870 (SE¼ 370)

Mean number of cattle breeds 1.9 (SE¼ 0.1)

I have only one breed of cattle 42.2

I do not produce anything else from my land 79.8

I like to think of myself as environmentally

responsible

64.6

1The average income of Australian families in 2006 was $38 000.
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risks such as drought, but these plans were developed on the
basis of their own skills and knowledge. For example, only
21% of graziers ‘‘just hope for the best if there is a drought,’’
and 90% of graziers thought that they were ‘‘good at doing
what [they] do and trust [their] own decision.’’ For the third
dimension, graziers seemed to have more emotional flexibility
than they did financial flexibility. For example, 98% of graziers
suggested that their ‘‘financial situation is a constant source of
worry,’’ yet 83% of graziers said that ‘‘the good years help us to
survive the bad years.’’ For the fourth dimension, graziers were
interested in adapting to climate change but were not interested
in any of the strategies that we suggested. For example 83% of
graziers were interested in how they ‘‘could better prepare for
drought,’’ while only 54% were prepared to ‘‘learn new skills
outside of the industry,’’ and only 60% were interested in
attending ‘‘workshops to get new ideas to better manage
drought.’’

In Table 3 we present the types of graziers in the Burdekin
region according to their adaptive capacity. Of the 16 possible
combinations or five types of adaptive capacity (very low, low,
moderate, high, and very high adaptive capacity), each
combination was represented by at least one person in the
Burdekin region (Table 3). The most common combination was
a high rating on each of the four dimensions (ABCD). The
second most common combination was a low rating on each of
the four dimensions (abcd), suggesting that graziers in the
Burdekin region were ‘‘extreme’’ in their capacities to adapt.

Twelve percent of graziers had very low capacity (Table 4),
and around 18% of graziers had very high capacity. Nearly half
of the sample (43%) had high capacity to adapt to climate
variability. Over half the sample (53%) rated highly on the first
dimension (risk), 53% rated high on the second dimension
(planning skills), 52% rated highly on the third dimension
(security), and 62% rated highly on the fourth dimension
(interest).

DISCUSSION

This research provides two new critical insights into graziers’
adaptive capacity that might assist to sustain the grazing
resource. First, there is significant heterogeneity in the adaptive

Table 2. A description of the four dimensions of adaptive capacity for
cattle graziers in the Burdekin region, Australia (June 2009).

Dimensions of adaptive capacity

% agreed or

strongly agreed

Perception of risk

I am more likely to survive drought compared to other

cattle producers

90%

I am learning to survive drought periods more easily

as I get older

82%

I am prepared to take advantage of a particularly good

season

91%

I am too young to retire and too old to find work

elsewhere

43%

I have planned for our financial security in the event of

a drought

81%

I sell cattle when the prices are high and buy when the

prices are low

39%

I have many options available to me other than being a

cattle producer

64%

Planning, learning, and reorganizing

I just hope for the best if there is a drought 21%

The future will look after itself 29%

At the onset of drought, I plan a way to survive it 83%

I deal with the consequences once they occur 52%

I am good at doing what I do and trust my own

decisions

90%

I rely on talking with other graziers to decide what

drought strategy to employ

34%

Ability to cope with drought

The uncertainty of the drought is worse than the

drought itself

55%

I know we will survive future drought 75%

The good years help us to survive the bad years 83%

Stress levels greatly increase in my family during

drought periods

83%

My partner and I have different opinions about how to

manage drought

23%

Our current level of debt means that drought will be

especially difficult to recover from

29%

Our financial situation is a constant source of worry 98%

Climate uncertainty is normal part of our everyday life 91%

Regardless of what happens, we have made sure that

we are financially secure

79%

We rely on drought assistance to get us through

drought years

11%

It is important for me to know how other graziers are

coping in their business

51%

Interest in adapting to climate change

I am interested in learning new skills outside of the

industry

54%

I am interested in learning how I could better prepare

for drought

83%

I attend workshops to get new ideas to better manage

drought

60%

I talk about strategies to survive drought with other

graziers

71%

Table 3. Proportion of graziers in the Burdekin region according to each
‘‘type’’ based on their mean adaptive capacity to climate variability
(n¼100). Adaptive capacity is defined as comprising four essential
dimensions. Individuals were typed according to A/a, B/b, C/c, D/d, where
A¼high capacity to manage risk, a¼ low capacity to manage risk, B¼high
capacity to plan, learn and reorganize, b¼ low capacity to plan, learn, and
reorganize, C¼high emotional and financial flexibility, c¼ low emotional
and financial flexibility, D¼high level of interest in adapting to change,
d¼ low level of interest in adapting to change. A grazier with particularly
high adaptive capacity on all dimensions would be coded as ABCD,
whereas a grazier with low adaptive capacity on all dimensions would be
coded as abcd.

abcd (12%) Abcd (4%) ABcd (6%) ABCd (1%)

abcD (4%) aBcD (6%) abCD (4%) ABcD (7%)

abCd (6%) AbCd (1%) AbcD (6%) AbCD (10%)

aBcd (3%) aBCd (5%) aBCD (7%) ABCD (18%)
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capacity of graziers in the Burdekin region to climate
variability. Many graziers exhibited very high levels of adaptive
capacity whilst many displayed very low levels. In fact, of the
16 possible combinations describing adaptive capacity on
rangelands, all combinations were represented to some extent.
These results suggest that only some individuals will have the
capacity to respond appropriately to policies and practices that
enhance climate adaptation. Yet, by 2030, some areas of
northern Australia will be experiencing more droughts and
lower summer rainfall (Cobon et al. 2009). Although the
impacts are likely to vary between ecological and geographic
systems, climate change is expected to have noticeable
detrimental effects on pasture growth, woody vegetation,
production, gross margins, and biodiversity (Cobon et al.
2009). Our results suggest that the social heterogeneity in
adaptive capacity that currently exists in the region will have
profound influence on the sustainability of the social-ecological
rangelands system.

Second, our results suggest that only about 18% of the
sample rated highly on each of the dimensions of adaptive
capacity. Although half of the graziers felt confident in their
capacity to continue and prosper within their occupation, half
did not, and although half of the graziers felt that they had the
skills to manage and plan for climate events, half did not. Half
of the graziers felt that they had emotional and financial
security and the ‘‘headspace’’ to approach the future, and half
did not. While 60% of the graziers were interested in
developing new skills within or beyond the industry, 40%
were not. The lesson here is that policies designed to enhance
climate adaptation success that are rejected or ignored by
graziers are likely to be interpreted, by those imposing them, as
meeting ‘‘barriers’’ or ‘‘resistance.’’ We think that a significant
proportion of graziers need more information about how to
manage for the uncertainty of climate variability and of climate
change in particular (McNairn and Mitchell 1992). Many
graziers need simple information about how to make the most
of a good season, and how to reduce the biophysical impacts
during a bad season. Many need to develop skills and strategies
to deal with the range of probable scenarios for their region
including how to prepare for extreme events. Many need
financial advice about the costs of change, and they need
encouragement to develop an interest in the future and be
motivated to develop new skills to reduce the risks associated

with climate variability. Well-designed policies should take into

account the various dimensions of adaptive capacity and the
associated limitations.

MANAGEMENT IMPLICATIONS

Any single initiative to address grazing land management

practices is unlikely to address the needs of all graziers in the
region (Campbell et al. 2006; Petheram et al. 2006). Rather,
multiple management strategies that take into account the

diversity in the adaptive capacity of resource users are more
likely to be successful (Cros et al. 2004). Although this finding
is not unique to this study (Campbell et al. 2006), our analysis

has empirically shown that the reason that graziers need a
range of initiatives with which to work is because many do not
possess the capacity to respond to some strategies. If climate

adaptation and the adoption of long-term strategies are to be
successful, investing in the capacity of graziers to adapt is
crucial (Newsham and Thomas 2011). Every effort should be

made to move graziers from a ‘‘very low adaptive capacity’’ to a
low or even moderate capacity (Vanclay 2004; Pannell et al.
2006). This might mean, for example, encouraging graziers to

learn and plan with other graziers through facilitated network-
ing opportunities (Measham 2009; Larson et al. 2010) or
understanding what sorts of communication channels might be

more suited to graziers who are not interested in workshops. By
focusing on enhancing the four dimensions of adaptive
capacity, we think that it is possible to bring closer the

necessity of adapting to climate change and living sustainably
within the rangelands.
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