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a b s t r a c t

Farmers are exposed to a unique range of vocational stressors, and while mental health morbidity is
similar to their non-rural counterparts, suicide rates in the farming community are higher. We examined
the contribution of coal seam gas (CSG) extraction to the global stress burden and mental health of 378
Australian farmers (mean age ¼ 53.08 years; SD ¼ 10.28). Exploratory factor analysis revealed that CSG
items added two unique dimensions to the Edinburgh Farming Stress Inventory (EFSI): Off-Farm CSG
Concerns (concerns about possible impacts of CSG extraction on human health, communities, and the
environment) and On-Farm CSG Concerns (potential CSG impacts on farm profitability, disruption of
farm operations, and privacy). Subscales based on the new factors correlated significantly with farmers’
self-reported levels of depression, anxiety and stress reactivity, as assessed by the DASS-21. Latent profile
analysis categorized farmers into four distinct segments based on their overall stress profiles: Non-
Stressed (39%), Finance-Stressed (31%), CSG-Stressed (15%) and Globally-Stressed (15%). Farmers in the CSG-
Stressed and Globally-Stressed profiles exhibited clinically significant levels of psychological morbidity.
This information can be used to inform strategies for improving mental health outcomes in the agri-
gasfields of Australia.

© 2016 Published by Elsevier Ltd.
1. Introduction

Managing mental health is a serious challenge in many rural
communities. Although rural areas experience similar rates of
mental health morbidity relative to their non-rural counterparts,
the suicide rate of farmers is substantially higher than the national
average for employed adults (Andersen, Hawgood, Klieve, Kolves,&
De Leo, 2010; Arnautovska, McPhedran, & De Leo, 2014; Australian
Bureau of Statistics, 2011). This elevated risk has been attributed to
the unique combination of complex occupational and location-
related stressors that confront farmers, including: debt burden,
isolation, farm hazards, time pressure and dependency on weather
and other environmental factors (Deary, Willcocks, & McGregor,
1997; Firth, Williams, Herbison, & McGee, 2007). In addition to
these widely recognized stressors, new concerns related to coal
seam gas (CSG) extraction in traditional food-producing areas may
further increase the stress burden on farmers.

Beneath vast tracts of productive farmland in Australia lie
enormous quantities of CSG. Licensed explorers are awarded
avioural Cognitive and Social
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gan).
extraction leases to develop these potentially productive CSG re-
serves (Chen & Randall, 2013). Since 1995, the CSG industry has
expanded rapidly, resulting in escalating tensions between farmers
and CSG operators (Chen & Randall, 2013). Of particular concern to
farmers are perceived threats related to aquifer integrity, sustain-
ability, pollution, property access, on-farm privacy, public road
traffic and social dislocation (de Rijke, 2013). In this study, we
investigate the extent to which farmers’ concerns and experiences
with CSG extraction contribute to their overall stress burden, and
consequent potential impacts on their mental health.

1.1. Coal seam gas

Coal seam gas, also known as coal bed methane, is found within
the natural fractures and micro-pores of coal (Williams, Stubbs, &
Milligan, 2012). Extracting CSG requires reducing the water pres-
sure within the coal seam to allow the gas to escape and, where
appropriate, high pressured hydraulic fracturing (‘fracking’) of the
coal seam (Williams et al., 2012). There are approximately 7500
wells currently operating in Australia, with future estimates of up
to 40,000 projected by 2020 (Australian Petroleum Production and
Exploration Association, 2015; Carlisle, 2012). Approximately
15e20 gigalitres (Gl) were removed fromunderground aquifers as a
consequence of CSG extraction in 2011 (RPS., 2011). It is estimated
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this may increase to as much as 300 GL each year (Carlisle, 2012). In
contrast, approximately 540 Gl is currently removed from the Great
Artesian Basin (which underliesmost of the known CSG reserves) in
Queensland for agricultural and human uses (RPS., 2011). The exact
social, economic, and environmental consequences of CSG extrac-
tion remain uncertain (de Rijke, 2013).

CSG operations offer clear short- and medium-term economic
benefits, but concerns have been raised about potential negative
impacts on agricultural productivity and individual well-being
(Stearns, Tindall, Cronin, Friedel, & Bergquist, 2005; Stepans,
2008). Recent research suggests that the arrival of resource
extractive industries such as CSG heralds a rapid expansion of local
economic activity, and a reduction in both rural poverty and youth
migration from rural to urban areas (Measham & Fleming, 2014;
Schafft, Borlu, & Glenna, 2013). In contrast, other research iden-
tifies the potential harm to agricultural operations. These include:
the depletion of underground aquifers, increased water salinity
(Geiger, 2007), destroyed agricultural land (Hand & Smith, 2001),
and environmental concerns such as fugitive gas emissions, the
emergence of invasive species, reduced flora and fauna tolerance
levels and erosion (Bergquist, Evangelista, Stohlgren, & Alley, 2007;
Maher, Santos,& Tait, 2014). These potentially harmful impacts, the
primary burden for which will be borne by agricultural commu-
nities, may constitute an additional significant stressor facing
farmers e many of whom already carry a substantial stress burden
associated with agricultural production.

Government support of CSG extraction implicitly (and in some
instances explicitly) endorses some version of a co-existencemodel
between farmers and CSG operators. Farmer support around the
world for CSG extraction on agricultural land is highly variable. This
may be the consequence of the different landowner mineral rights
which exist in the different common law jurisdictions (Hunter,
2012). For example, US landowners retain absolute power over
their land including the resources below the ground, whereas in
Australia the Crown (or Australian Government) retains ownership
of all fossil fuels and minerals, and can grant a title to a third party
for exploration and extraction (Hunter, 2012). Research suggests
that US landowners engaged with CSG developments are more
likely to hold positive opinions of the industry mainly due to
receiving compensation and/or employment opportunities within
the industry than those farmers who have “no lease or develop-
ment” on their property (Jacquet, 2012). Reported compensation
for the siting of CSG wells on farm land in Australia varies with
reports ranging from hundreds of dollars per well per year to many
thousands. It remains unclear as to how this engagement with the
CSG industry influences the stress burden of farmers.

1.2. Farmer stress

Psychological stress occurs when the demands in an individual's
environment surpass their perceived capacity to cope (Cohen,
Janicki-Deverts, & Miller, 2007). Occupational stress is psycholog-
ical stress created fromwithin aworkplace and has been linked to a
host of psychosocial outcomes including: reduced job satisfaction,
well-being, and self-rated heath; burnout and depression (Edwards
& Burnard, 2003; Kopp, Stauder, Purebl, Janszky, & Skrabski, 2007).
Although not all stress is detrimental, severe or prolonged stress
can have serious impacts on the physical and mental health of
farmers (Berry, Hogan, Owen, Rickwood, & Fragar, 2011; Raine,
1999). Many of the stressors confronting the Australian farming
community, such as weather, economic viability, and operational
debt often fall within the severe and/or prolonged category.

Numerous studies have examined the relationship between
individual agricultural stressors and the mental health outcomes of
farmers. For example, drought events have consistently been
identified as a contributor to adverse mental health states such as
depression and anxiety (Alston & Kent, 2008; Gunn, Kettler,
Skaczkowski, & Turnbull, 2012; Hart, Berry, & Tonna, 2011;
Polain, Berry, & Hoskin, 2011; Sartore, Kelly, Stain, Albrecht, &
Higginbotham, 2008; Stain et al., 2011; Staniford, Dollard, &
Guerin, 2009). Likewise, flood events and bio-hazard threats, like
foot-and-mouth disease, have been associated with higher levels of
psychological morbidity within farming communities (Hoyt,
Conger, Gaffney Valde, & Weihs, 1997; Peck, Grant, McArthur, &
Godden, 2002). Research into rural populations in the United
Kingdom, Europe, Australia, Canada and the US suggests “farming is
associated with a unique set of characteristics [stressors] that are
potentially hazardous to mental health” (Fraser et al., 2005, p. 340).

There is an extensive body of research linking environmental
stressors, such as noise, pollution, heat, and crowding, to negative
mental health outcomes (for reviews see; Evans & Cohen, 1987;
Evans & Cohen, 2004). Other studies have examined farmer stress
from a broader, multidimensional perspective. Deary et al. (1997)
developed the Edinburgh Farming Stress Inventory (EFSI), which
identified six distinct stress domains associated with agriculture:
farming bureaucracy, finance, isolation, acts of God, personal haz-
ards, and time pressure. Subsequent studies by other research
groups have identified similar domains (e.g., Brannen, Johnson
Emberly, & McGrath, 2009; Firth et al., 2007; Pollock, Deaville,
Gilman, & Willock, 2002; Simkin, Hawton, Fagg, & Malmberg,
1998). Several of these stress factors have been linked to psycho-
logical morbidity. For example, financial concerns, bureaucracy, and
experiencing on-farm hazards (e.g., foot-and-mouth disease) have
all been associated with elevated levels of stress which contribute
to depression (Peck et al., 2002), suicidal ideation (Turvey,
Stromquist, Kelly, Zwerling, & Merchant, 2002) and suicide
(Malmberg, Simkin, & Hawton, 1999). While there is empirical
research examining psychological impacts of extractive industries
such as coal mining (e.g., Connor, Albrecht, Higginbotham,
Freeman, & Smith, 2004; Higginbotham, Conner, Albrecht,
Freeman, & Agho, 2007), we were unable to identify any studies
that assessed the association between CSG stressors and farmer
mental health outcomes.

1.3. Current study

The rapid expansion of CSG operations into traditional food-
growing areas provides a new potentially significant source of
stress for Australian farmers. To date, there has been little empirical
research investigating how concerns about CSG contribute to
farmers’ overall stress burden and its potential effects on mental
health. The current study extended past research in four important
ways.

First, we expanded Deary et al.’s (1997) EFSI to include 11 new
items related to on- and off-farm stressors linked to CSG extraction.
We predicted that these items would add at least one new CSG-
specific factor to Deary et al.’s (1997) 6-factor farmer stress model
(farming bureaucracy, finance, isolation, acts of God, personal
hazards, and time pressure).

Second, this is the first study to investigate whether CSG-
specific stressors explained unique variance in farmers’ mental
health after controlling for other traditional farm stressors assessed
by the EFSI. We hypothesized that after controlling for the EFSI
stress factors, CSG concerns would explain unique variance in
depression, anxiety and stress reactivity e the most common
mental health disorders in the Australian population (Australian
Bureau of Statistics, 2007).

Third, we extended the literature on farmer stress by developing
a typology of farmers based on their perceptions of agricultural
stressors they encounter. In particular, we were interested in



1 Two items did not load on to either of the CSG factors. These were: ‘The
negative impact of CSG extraction on the water supply’ and ‘Decline in agricultural
yield as a result of CSG activity’.

2 The adapted EFSI used in this study assesses cognitive evaluations of stress
severity across multiple domains of relevance to farmers. This contrasts with DASS-
21: stress reactivity subscale which assesses general feelings of tension and
behavioral reactivity without reference to specific causes.
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determining the number of distinct stress profiles present in our
sample of farmers, whether or not unique profiles related to CSG
concerns would emerge, and whether profile membership would
be associated with farmers’ mental health status.

Finally, we explored whether the farmer stress profile mem-
bership was associated with current levels of farmer engagement
with the CSG industry. It is reported that farmers engaged with the
CSG industry are more likely to hold positive views due to financial
benefits such as compensation and/or employment opportunities
compared to those farmers without leases on their property
(Jacquet, 2012). While farmers in Australia are compensated, recent
media and social media reports suggest many farmers hold an
unfavorable view of the CSG industry and opposition is increasing
(e.g., Mitchell, 2014; Northdurft, 2014; Williams, 2014). The current
study was designed to help shed additional light on this important
issue.

2. Method

2.1. Participants

Participants were 378 Australian farmers, 191 males (M ¼ 54.05
years, SD¼ 10.63),185 females (M¼ 51.96 years, SD¼ 9.78) and two
participants who did not disclose their gender. According to
Australian Bureau of Statistics (2012), 72% of Australian farmers are
male and 28% female with a mean age of 53 years. Australian
farmers are defined by the Australian Bureau of Statistics (2012, p.
3) as “those people who were employed during the week prior to
the Census of Population and Housing and who reported that their
main occupation was a farmer or farm manager”. In contrast, the
current study included farmers and their partner who may have
other occupations but are part of the ownership/management of
the property; this could be the reason why our sample comprised
more females than census data. The majority of respondents were
from Queensland (n ¼ 181, 47.8%) and New South Wales (n ¼ 154,
40.7%). Therewere 20 respondents fromVictoria (5.1%), and 3 (>1%)
from the other states. Twenty participants did not disclose their
postcode. In terms of engagement with the CSG industry, 155 (41%)
farmers indicated that a CSG company had an extraction lease on
their property but they had yet to be approached by the CSG
operator, 34 (9%) had been approached by CSG operators but had
rejected the offers made to them, 64 (17%) indicated they had
recently negotiated an outcome or would soon commenced nego-
tiations, 125 (33%) believed that there was no lease on their
property.

In terms of education,1.3% of participants reported that they had
attained primary school level education while a further 24.1% re-
ported to have completed some level of secondary schooling. Just
over one-third (37.5%) of the farmers reported having completed a
tertiary-level education (i.e., bachelor degree or higher). Other non-
school qualifications were achieved by 37.1% of the sample. This
compares with 24% of the general population holding a bachelor
degree or better and 42% achieving some other non-school quali-
fication respectively (Australian Bureau of Statistics, 2010).

2.2. Procedure

Prior to data collection, we approached three agri-political or-
ganizations (New South Wales Farmers Association, AgForce and
Lock the Gate) to assist with recruitment. All three groups provided
a link to the study for members on their respective web pages and
member email alerts. Data collection was primarily conducted
online using Qualtrics online survey software. To address potential
online hijacking of the survey, Qualtrics software's “ballot stuffing”
prevention option was engaged. This security option monitors IP
addresses to prevent participants from engaging in the surveymore
than once. In addition, 76 respondents completed hardcopies of the
survey distributed at CSG information forums and information days
in Queensland and New South Wales, Australia.

2.3. Measures

The survey consisted of 374 questions assessing outcome ex-
pectancies, property protective behaviors, agricultural stressors,
mental health, subjective well-being, self-efficacy, coping, place
attachment, trust and demographic constructs. The current study
restricted itself to agricultural stressors, CSG industry engagement
status, depression, anxiety and stress reactivity, which are
described below. The Cronbach's alphas (a) reported below reflect
internal consistencies for each measure obtained in the current
sample.

Farmer Stressors. Farmers' responses to farm-related stressors
were assessed using a 44-item adapted version of the Edinburgh
Farming Stress Inventory (EFSI, Deary et al., 1997). Following the
approach used by Firth et al. (2007), we modified several of the
original EFSI items and added new items associated with the stress
domain of interest in this study. We retained 20 items of the 27
original items from the EFSI measure (Deary et al., 1997), 4 items
generated by Firth et al. (2007), and added 20 new items (9 agri-
cultural and 11 CSG) developed specifically for this study.1 These
new items were generated from the responses from two separate
pilot studies. The first pilot study consisted of 40 farmers whowere
asked to list the perceived benefits and costs associated with the
CSG industry as it related to their property and communities. The
second pilot involved 20 farmers who provided feedback on the
modified farmer stress scale after the new CSG items had been
added. These respondents were asked to identify any usability is-
sues and any gaps in the scale. In response to this feedback, several
minor wording changes were made and 9 new items were added to
the scale. The adapted version assesses farmer stress dimensions:
Farming Bureaucracy, Finance, Isolation, Acts of God, Personal
Hazards, Time Pressures, and Coal Seam Gas extraction. Nine items
were modified to better reflect Australian farming conditions and
terminology. For example, “Significant production loss due to dis-
ease/pest/weeds” (Deary et al., 1997) was replaced with “Reduced
yields due to adverse weather (e.g., rain or lack of it at the wrong
time, early/late frost, etc.)”. An item “Handing on farm fairly” (Firth
et al., 2007) was modified to a more common Australian term
“Succession planning”. Participants were instructed to “Indicate the
severity of the stress caused by each of the following events during the
previous 12 months”. Items are rated on a 5-point Likert scale
ranging from 1 (None) to 5 (Very Severe). The results of an explor-
atory factor analysis applied to this measure, including a list of all
items and Cronbach's as for each subscale, are reported in Table 1.

Depression, anxiety and stress reactivity. Farmers' mental health
status was assessed using the Depression Anxiety Stress Scales
(DASS-21, Lovibond & Lovibond, 1995), a 21-item self-report mea-
sure of the severity of core symptoms of depression (e.g., dysphoria,
anhedonia, hopelessness), anxiety (e.g., autonomic arousal, panic),
and stress reactivity (e.g., tension and behavioral responses to
stress).2 Each subscale comprises seven items. Based on their
experience over the previous four weeks, participants rated the
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items on a 4-point scale ranging from 0 (did not apply to me at all) to
3 (applied to me very much, or most of the time). Items in each
subscale are summed to provide scores for symptoms of depres-
sion, anxiety, and stress reactivity, with higher scores indicating
greater severity of symptomatology. In the present study, total
scores for each subscale were doubled to enable comparisons with
DASS-42 norms (Lovibond& Lovibond, 1995): (1) Depression: (0e9
normal; 10e13 mild, 14e20 moderate, 21e27 severe, 28 þ extremely
severe), (2) Anxiety: (0e7 normal, 8e9mild, 10e14moderate, 15e19
severe, 20 þ extremely severe), and (3) Stress reactivity (0e14,
normal, 15e18 mild, 19e25 moderate, 26e33 severe and
34 þ extremely severe). Cronbach's as for depression, anxiety, and
stress reactivity were 0.89, 0.85, and 0.89, respectively.

Engagement with CSG industry. Farmer engagement status with
the CSG industry was assessed with a single item comprising six
options. Participants were asked “Which of the following best de-
scribes the status of Coal Seam Gas (CSG) development on your
property?” Options included: (1) No CSG exists on my property that I
am aware of; (2) CSG leases exist on my property, but no approach has
yet been made by a CSG company; (3) CSG leases exist on my property
and the approaches made by the CSG company have been rejected; (4)
CSG leases exist on my property, an approach has been made to me by
the CSG company and negotiations will/have commenced; (5) CSG
leases exist on my property and exploration has/will commence; and
(6) CSG leases exist on my property and production has commenced.
Options 4, 5, and 6 were combined into a single ‘engaged’ category
resulting in four levels of engagement: (1). No lease, (2). Lease e No
approach, (3). Lease e Rejected, (4). Engaged. Given this measure is
categorical, no Cronbach's a was computed.

3. Results

3.1. Data screening

Of the 432 farmers who completed the survey, 46 (13%) cases
were deleted because of excessive missing data (>50%) and a
further 8 (2%) were excluded for failing to complete the item
addressing engagement status with the CSG industry. Missing
values across the measured items ranged from 0% to 1.9%. Missing
data were imputed using the expectation maximization algorithm
in IBM SPSS 20 (IBM Corp, 2011).

3.2. Farm stressor dimensions

An exploratory factor analysis, using Maximum Likelihood, was
conducted on the adapted EFSI to determine its latent structure.
The scree plot indicated three factors should be retained, whereas
Kaiser's rule (eigenvalues greater than 1) suggested nine. We
applied a Promax rotation (Kappa ¼ 4) to all solutions between 3
and 9, and found the 9-factor solution to bemost interpretable. This
solution explained 67% of the overall variance in the dataset.
Following the criteria used by Deary et al. (1997), items with
pattern-matrix loadings of .50 or above and cross-loading lower
than .30 were used to name each factor.3 At least three items were
retained for each factor. Subscale scores for each factor were
calculated using the mean score of the relevant items, with higher
scores indicating greater perceived stress.4 A summary of items,
3 The loading criteria on two factors were relaxed to below .50 to enable a third
item to be included in the Economic Viability and Operational Debt subscales.

4 For the sake of brevity, accuracy, and relevance to the Australian context, several of
the original EFSI factors were re-named. Farming bureaucracy became Bureaucracy,
Time Pressures became Time, Acts of God became Environmental Demands, and
Personal Hazards were renamed as Farm Hazards. Isolation in the original measure is
renamed Social Isolation to more accurately reflect the content of the scale.
factor loadings, and Cronbach's as for the resulting subscales is
presented in Table 1.5

The first factor, labeled Time Pressures consisted of five items
relating to the considerable time investment required for day-to-
day farming operations. Bureaucracy, the second factor, comprised
five items addressing various compliance requirements of
governmental agencies. The third factor, Weather, included three
items assessing concerns about the impact of adverse weather on
farming. Social Isolation, the fourth factor, comprised three items
focusing on working alone and spatial separation. The fifth factor,
FarmHazards, included three items relating to on-farm risks such as
imported bio-hazards and hazardous on farm chemicals. Economic
Viability, the sixth factor, comprised three items relating to external
economic factors, such as commodity prices and input costs,
affecting the viability of farming. The seventh factor, Operational
Debt, included three items related to concerns about personal
financial liability and cash flow. Off-Farm CSG Concerns, the eighth
factor, consisted of five items relating to concerns about possible
impacts of CSG extraction on human health, communities, and the
environment. Finally, On-Farm CSG Concerns comprised four items
related to potential CSG impacts on farm profitability, disruption of
farm operations, and privacy.

3.3. Descriptive statistics

Means, standard deviations and inter-correlations of all major
study variables are presented in Table 2. Most of the Farmer Stress
subscales were positively inter-correlated, with all but one of these
correlations (between On-Farm CSG Concerns and Weather)
reaching statistical significance. In terms of mental health, the
majority of respondents had depression and anxiety scores that fell
within the normal range (based on DASS-42 norms). The percent-
age of the sample experiencing clinically significant levels (i.e.,
above the normal range) of depression (scores > 9) anxiety
(scores > 7), and stress reactivity (scores > 14) were 34.9%, 18.8%,
and 25.9%, respectively.

3.4. Farmer engagement status and stress response

To determine which of the nine stress dimensions elicited the
highest levels of perceived stress among sampled farmers', we
conducted a one-way repeated measure analysis of variance
(ANOVA). The analysis produced a significant effect for stressor
type, F(5.35, 1988.05) ¼ 135.17, p < 0.001, h2 ¼ 0.26, indicating that
some stressor types elicited more stress than others.6 Means for
each stressor type and Bonferroni-adjusted pairwise comparisons
are presented at the bottom of Table 2. These analyses revealed four
distinct groupings. Perceived stresses linked to Off-Farm CSG
Concerns, Weather, and Economic Viability subscales were rated
significantly more severe than stresses associated with Time Pres-
sures, Bureaucracy, and Operational Debt, which in turn were rated
as significantly more severe than Farm Hazards and On-Farm CSG
Concerns. Stress related to Social Isolation was rated significantly
less severe than all other stress dimensions examined in the pre-
sent study.

3.5. Farm stressors predicting mental health

We conducted three standard multiple regression analyses to
5 Of the 10 items that did not load onto a factor, 8 items fail to reach the criteria
of .50 and 2 items provided cross-loadings over .30.

6 Mauchly's test of Sphericity was violated. Greenhouse-Geisser results are
reported.



Table 1
Exploratory Factor Analysis: Factor scales, Items, and Loadings for the Adapted EFSI.

Factor scale and item Loading a

Factor 1: Time Pressures (5 items) .85
Long hours of work .97
Too much work and too little time .91
Increased work load at peak times .65
Unplanned interruptions to daily farm activity .59
Few holidays away from farm .53

Factor 2: Bureaucracy (5 items) .86
New environmental regulation .89
Dealing with government bodies (e.g., workers compensation, environment and resource departments, etc.) .76
Adjusting to new bureaucratic regulations and policy (e.g., carbon tax, etc.) .76
Complying with bureaucratic requirements (e.g., GST compliance, NLIS, etc.) .73
Complying with occupational health and safety requirements .57

Factor 3: Weather (3 items) .83
Extreme weather events (e.g., drought, floods, bushfire, etc.) .92
Reduced yields due to adverse weather conditions (e.g., rain or lack of at the wrong time, early/late frost, etc.) .78
Unpredictability of the weather .75

Factor 4: Social Isolation (3 items) .79
Having no-one to talk to all day .88
Lack of close neighbors .83
Feeling alone and isolated .80

Factor 5: Farm Hazards (3 items) .79
Presence of hazardous on-farm materials (chemicals, etc.) .79
Bio-hazard threats from imported produce .78
Farming related accidents .61

Factor 6: Economic Viability (3 items) .82
Declining commodity prices .69
Rise in input prices .64
Concerns about the continuing viability of the farm .41

Factor 7: Operational Debt (3 items) .79
Current level of debt .85
Not enough ready cash .63
Rising interest rates .38

Factor 8: Off-Farm CSG Concerns (5 items) .86
Worry about my children's future as a result of CSG activity .79
Reduction in property valuations due to CSG developments .68
The degradation of the environment due to CSG activity .75
The threat to human health as a result of CSG activities .64
Deteriorating community values as a result of the influx of CSG workers .58

Factor 9: On-Farm CSG Concerns (4 items) .91
The negative impact of CSG activities on the daily operation of my property .87
The loss of privacy due to CSG personnel on my property .86
Impact of CSG operations on the profitability of my property .76
Inter-personal dealings with CSG company representatives .71

Note. Out of 44 items, eight items did not load at .50 and two items produced cross loadings over .30. Details of these items can be provided by the first author.
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determine whether stress associated with CSG extraction (i.e., Off-
Farm and On-Farm CSG Concerns) predicted unique variance in
farmers’ depression, anxiety, and stress reactivity after controlling
for the other stress domains (i.e., Time Pressures, Bureaucracy,
Weather, Social Isolation, Farm Hazards, Economic Viability, and
Operational Debt). These results are summarized in Table 3.

As a set, all nine farmer stressor subscales explained 19% of the
Table 2
Summary of inter-correlations among the farming stressor subscales and the repeated m

1 2 3 4

1 Time Pressures _
2 Bureaucracy .50*** _
3 Weather .46*** .33*** _
4 Social Isolation .47*** .38*** .18*** _
5 Farm Hazards .37*** .51*** .23*** .39
6 Economic Viability .53*** .57*** .50*** .29
7 Operational Debt .53*** .43*** .55*** .38
8 Off-Farm CSG Concerns .25*** .35*** .17** .25
9 On-Farm CSG Concerns .19*** .41*** .09 .24

M 2.60b 2.53b 2.87a 1.6
SD .91 .92 1.03 .76

Note: N ¼ 378, ***p < .001, **p < .01. Means with different superscripts differ significant
variance in depression, 23% in anxiety, and 27% in stress reactivity.
Off-Farm CSG Concerns (about health, environmental and com-
munity impacts) explained significant unique variance in depres-
sion (1%) and stress reactivity (2%) after controlling for the other
stress dimensions. Off-Farm and On-Farm CSG Concerns were both
significantly correlated with anxiety, but did not explain significant
unique variance in this mental health outcome after controlling for
easures ANOVA.

5 6 7 8 9

*** _
*** .44*** _
*** .33*** .55*** _
*** .50*** .33*** .25*** _
*** .38*** .27*** .18*** .64*** _

2d 2.01c 3.06a 2.46b 3.07a 2.17c

.98 1.04 .98 1.18 1.30

ly at p < .05.



Table 3
Summary of simultaneous regression analyses: Farming stressor subscales as predictors of depression, anxiety and stress reactivity.

Predictors R Adj.R2 B 95% CI for B b r sr2

LB UB

Depression .46*** .19
Time Pressures 0.61 �0.57 1.76 .07 .22*** <.01
Bureaucracy 0.47 �0.67 1.62 .05 .19*** <.01
Weather �0.32 �1.26 0.62 �.04 .04 <.01
Social Isolation 4.46*** 3.25 5.66 .41 .42*** .13
Farm Hazards �1.21 �1.11 �1.99 �.14 .12* <.01
Economic Viability �0.55 �1.18 0.49 �.07 .09 <.01
Operational Debt �0.13 �2.22 0.93 �.01 .14** <.01
Off-Farm CSG Concerns 0.97* 0.07 1.87 .14 .21*** .01
On-Farm CSG Concerns 0.41 �0.37 1.21 .06 .21*** <.01

Anxiety .50*** .23
Time Pressures 1.58** 0.78 2.38 .24 .33*** .04
Bureaucracy 0.29 �0.52 1.09 .04 .21*** <.01
Weather �0.18 �0.84 0.47 �.03 .04 <.01
Social Isolation 2.75*** 1.90 3.59 .35 .44*** .10
Farm Hazards 0.04 �0.67 0.75 <.01 .21*** <.01
Economic Viability �1.22** �1.95 �0.50 �.21 .07 .03
Operational Debt 0.04 �0.71 0.78 <.01 .21*** <.01
Off-Farm CSG Concerns 0.55 �0.07 1.18 .11 .20*** <.01
On-Farm CSG Concerns �0.02 �0.57 0.53 <�.01 .16** <.01

Stress Reactivity .54*** .28
Time Pressures 3.33*** 2.22 4.44 .35 .45*** .07
Bureaucracy 0.62 �0.50 1.74 .07 .28*** <.01
Weather 0.26 �0.65 1.16 .03 .20*** <.01
Social Isolation 2.79*** 1.62 3.95 .25 .39*** .04
Farm Hazards �1.04 �2.02 �0.06 �.12 .20*** <.01
Economic Viability �1.11 �2.12 �0.11 �.13 .19** <.01
Operational Debt 0.18 �1.20 0.84 �.02 .25*** <.01
Off-Farm CSG Concerns 1.56** 0.69 2.43 .22 .30*** .02
On-Farm CSG Concerns 0.10 �0.66 0.87 .02 .23*** <.01

Note. B ¼ unstandardized beta coefficients, b ¼ standardized beta coefficients, r ¼ zero-order correlation, and sr2 ¼ squared semi-partial correlation (amount of unique
variance in the DV explained by a predictor after controlling for the other predictors in the model). *p < .05, **p < .01 ***p < .001.
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the other stress dimensions.
3.6. Farmer stress typology

A latent profile analysis (LPA) was conducted using MPlus 6.0
(Muth�en & Muth�en, 2010) to develop a typology of farmers based
on their pattern of responses on the nine Farmer Stress subscales.
Relative model fit was assessed using the Bayesian information
criteria (BIC; Schwarz, 1978), relative entropy (Ramaswamy,
Desarbo, Reistein, & Robinson, 1993), the Lo-Mendell-Rubin likeli-
hood ratio test (LMR; Lo, Mendell, & Rubin, 2001). The resulting fit
indices for the 2 through 6 profile solutions are presented in
Table 4. The LMR test indicated that the 4-profile solution fit the
data significantly better than 3, that the 5-profile solution fit better
than 4, and the 6-profile solution did not fit better than 5. Given
that the BIC and entropy values for the 4- and 5-profile solutions
were very similar, we investigated these two solutions in more
depth. The main difference was that the 4-profile solution included
a single unstressed group, which scored well-below the mid-point
Table 4
Model fit indices for two to six profile solutions.

Profile solution BIC Entropy LMR (p-value)

2 9064.58 .86 .000
3 8924.96 .80 .152
4 8791.84 .86 .035
5 8729.07 .85 .027
6 8701.62 .86 .188

Note. BIC ¼ Bayesian information criterion, LMR ¼ Lo-Mendell-Rubin likelihood
ratio test. A significant LMR test indicates that a given profile solution fits the data
significantly better than the solution with one fewer profile group.
on all 9 farmer stress dimensions, whereas the 5-profile solution
included two such groups. Given this split reflected a relatively
small quantitative shift, as opposed to qualitatively different
groups, we chose to interpret the 4-profile solution. We labeled the
segments Non-Stressed, Finance-Stressed, CSG-Stressed, and Glob-
ally-Stressed. A visual depiction of the segmentation solution is
presented in Fig. 1. Means for all segmentation variables and the
mental health variables for each segment are presented in Table 5.

Non-Stressed farmers constituted the largest segment in the
study (n ¼ 148, 39.2%). These farmers scored well below the
midpoint on all 9 of the farmer stressors, indicating that none of
these domains elicited high levels of stress. The absence of
perceived stress was also reflected in their average depression,
anxiety and stress reactivity scores, all of which fell within the
normal range in terms of clinical significance.

Finance-Stressed farmers represented the second largest
segment (n ¼ 117, 30.9%). They perceived all 9 of the farming
stressors as significantly more stressful, relative to the Non-
Stressed group. However, the main defining features of this
segment were high pronounced concerns about the financial
viability of their farms and weather, an important additional source
of financial strain for many farmers. On average, Finance-Stressed
farmers scored higher than their Non-Stressed counterparts on all
three mental health outcome variables. However, the mean scores
of all mental health outcomes for the Finance-Stressed group fell
within the normal range.

CSG-Stressed farmers constituted the third largest segment
(n ¼ 58, 15.3%). Members of this segment were similar to the Non-
Stressed group in that, on average, they scored well below the
midpoint on 6 of the 9 farmer stressors. The main distinguishing
feature of the CSG-Stressed groupwas the elevated scores related to



Table 5
Summary of the Farming Stressor Subscales, Depression, Anxiety and Stress reactivity Scores for the Four Farmer Stress Profiles.

Profile Variables Profile 1:
Non-stressed

Profile 2:
Finance-stressed

Profile 3:
CSG-stressed

Profile 4:
Globally-stressed

Univariate

M SD M SD M SD M SD F h2

Time Pressures 2.03a 0.63 3.08c 0.82 2.35b 0.77 3.38d 0.72 69.96*** .36
Bureaucracy 1.93a 0.68 2.76b 0.74 2.52b 0.76 3.67c 0.65 86.56*** .41
Weather 2.37a 0.77 3.53b 0.91 2.27a 0.79 3.43b 0.99 57.36*** .32
Social Isolation 1.34a 0.49 1.74b 0.80 1.39a 0.42 2.38c 0.95 35.58*** .22
Farm Hazards 1.47a 0.59 2.19b 0.87 1.71a 0.70 3.37c 0.84 92.58*** .43
Economic Viability 2.23a 0.77 3.76c 0.74 2.90b 0.63 3.93c 0.73 123.70*** .50
Operational Debt 1.87a 0.68 3.01b 0.90 2.02a 0.59 3.36c 0.84 79.86*** .39
Off-Farm CSG Concerns 2.26a 0.98 3.15b 0.97 3.73c 0.81 4.38d 0.58 461.13*** .79
On-Farm CSG Concerns 1.29a 0.43 1.60b 0.60 3.69c 0.78 4.13d 0.75 88.19*** .41

Depression 6.23a 7.07 7.73ab 7.11 9.58bc 10.38 11.34c 9.97 6.21*** .05
Anxiety 2.93a 5.17 3.69a 5.07 3.86a 5.64 7.56b 8.34 8.75*** .07
Stress reactivity 7.86a 7.07 12.27b 8.33 11.48b 7.33 16.83c 10.91 17.79*** .13

Notes. N ¼ 378. The multivariate results for the nine Farmer Stressor subscales: Wilks' l ¼ 0.06, F (30, 1072.02) ¼ 58.65, p < .001, Partial h2 ¼ 0.62. For the three mental health
variables: Wilks l ¼ 0.84, F (9, 905.50) ¼ 6.98, p < 0.001, Partial h2 ¼ 0.05. All Univariate F's are significant at p < 0.001. Means with different superscripts (in rows) differ
significantly at p < .05. The normality assumption for depression and anxiety was violated. A logarithmic transformation was conducted. Given that the untransformed and
transformed data produced the same substantive results, we only reported the analyses based on the untransformed data in the present study.
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Off-Farm and On-Farm CSG Concerns. Clinically, the CSG-Stressed
segment fell just above the normal range for depression (M > 9),
and within the normal range for anxiety and stress reactivity.

The final segment consisted of Globally-Stressed farmers
(n¼ 55, 14.6%). Members of this segment reported inflated levels of
stress across all but one of farmer stress dimensions (Social Isola-
tion), including mean scores for Off-Farm and On-Farm CSG Con-
cerns that fell within the “high to very severe” range (M > 4.00). In
terms of mental health, members of the Globally-Stressed segment,
on average, were characterized by “clinically significant” levels of
psychological morbidity for depression (M > 9), anxiety (M > 7),
and stress reactivity (M > 14).

Information about farmer engagement with the CSG industry,
Fig. 1. Farmer Stressor Sc
for each segment, is presented in Table 6. Examination of the
adjusted standardized residuals from a contingency table revealed
two statistically significant results: (1) Farmers with no CSG leases
were over-represented, relative to chance, in the Non-Stressed
segment, and (2) Farmers who were currently engaged with the
CSG industry (i.e., negotiating or in production) were over-
represented in the CSG-Stressed segment.
4. Discussion

We investigated the association between a broad range of
farmer stressors and mental health status in a sample of Australian
farmers. We adapted the Edinburgh Farming Stress Inventory
ale profile segments.



Table 6
CSG industry engagement within the four farming stress profiles.

Variables Profile1:
Non-stressed

Profile 2:
Finance-stressed

Profile 3:
CSG-stressed

Profile 4:
Globally-stressed

Omnibus significance test

Count ZResid Count ZResid Count ZResid Count ZResid Count (total) c2(df)

Engagement Status
No Lease 83a (66.4%) 4.9 30b (24.0%) �1.4 4c (3.2%) �3.5 8bc (6.4%) �2.4 125 c2 (9) ¼ 114.27*** 4c ¼ 0.32
Lease -No approach 54ab (34.9%) �0.9 60b (38.7%) 1.7 16a (10.3%) �1.6 25ab (16.1%) 0.5 155
Approach e Rejected 3a (8.8%) �2.8 11b (32.4%) 0.1 10b (29.4%) 2.1 10b (29.4%) 2.3 34
Engaged 8a (12.5%) �3.4 16ab (25.0%) �0.9 28c (43.8%) 5.8 16b (18.8%) 0.9 64

Notes: N ¼ 378. Different subscripts (in rows) differ at p < 0.05. ZResid ¼> is significant at p < .05. ***p < .001.
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(Deary et al., 1997) to include new items assessing concerns about
CSG extraction in agricultural settings. The CSG items produced two
new factors: Off-Farm CSG and On-Farm Concerns, the first of
which explained a significant amount of unique variance in
farmers’ depression and stress reactivity after controlling for more
traditional agricultural stressors. Finally, we created a typology of
farmers based on their stress profiles. We found two segments
characterized by high levels of concern about CSG extraction, both
of which exhibited clinically significant levels of psychological
morbidity (i.e., symptoms of depression, anxiety and/or stress
reactivity above the normal ranges of the DASS-42 norms). Each of
these findings is discussed in more detail below, along with limi-
tations of the study and suggestions for future research.
4.1. CSG as a unique farming stressor

A central aim of this study was to determine if concerns about
CSG extraction contributed to the overall stress burden for
Australian farmers. We found that our sample distinguished be-
tween two main types of CSG-related stressors: (1) Off-Farm CSG
Concerns e potential impacts of CSG extraction on human health,
community, and the environment, and (2) On-Farm CSG Concerns
e impacts of CSG on farm operations, profitability, and personal
privacy. Concern about Off-Farm CSG impacts was rated, along with
Weather and Economic Viability, as the most stressful factor facing
our sample of farmers. In contrast, concern about On-Farm CSG
impacts was rated as significantly less severe than six (Time Pres-
sure, Bureaucracy, Weather, Economic Viability, Operational Debt,
Off-Farm CSG Concerns) of the other nine farm stressors assessed in
the study.

Based on relative severity ratings, it appears that potential CSG
impacts on health, community and environmental were an
important source of concern for farmers, whereas CSG impacts on
farm operations, profitability and privacy were less of a concern.
This interpretation receives further support when one considers
the strength of the associations between the two types of CSG
stressors and mental health. Farmers concerns about off-farm
(health, community and environmental) impacts of CSG extrac-
tion were significantly associated with increased symptoms of
depression and stress reactivity, after controlling for all other
stressors assessed in the study. In contrast, on-farm CSG concerns
failed to explain significant unique variance in any of the three
mental health outcomes.

Our results linking CSG-related stressors to mental health are
consistent with recent qualitative research on the arrival of mining
and CSG industries in Australian rural communities, and their
perceived impacts on mental health and well-being. Hossain et al.
(2013, p. 32) concluded that the communities they investigated
were “under sustained stress resulting from the incursion of mining
and coal seam gas.” Of the 12 communities surveyed, 4 listed
mental health problems (including anxiety and depression) and
lack of awareness of the link between farm-related stressors and
mental health as major areas of concern. Our study extended these
findings by identifying which specific aspects of CSG extraction are
perceived as stressful, and how this new source of stress may
exacerbate mental health problems in rural areas. From a meth-
odological perspective, our findings suggested that traditional farm
stress measures, such as the EFSI, can be usefully extended to
incorporate reliable and valid indices of new forms of stress that
may emerge in the farming sector due to new technological de-
velopments and incursions from other industries.
4.2. Farmer stress profiles

A second aim of this study was to develop a new farmer stress
typology, and determine whether unique segments emerged based
on farmers’ expressed concerns about CSG extraction.We identified
four unique farmer stress segments in our sample: Non-Stressed,
Finance-Stressed, CSG-Stressed, and Globally-Stressed. We further
sought to explore whether segment membership was significantly
associated with mental health problems and also level of engage-
ment with the CSG industry. Previous research into agricultural
stressors has identified the need to tailor engagement strategies to
the specific concerns of farmers (e.g., Alpass et al., 2004). The
identification of farmer segments based on their reported levels of
stress can facilitate effective tailoring and targeting of appropriate
engagement strategies for both mental health professionals and
industry. In this section, we discuss the defining characteristics of
each segment and identify key issues for mental health and
industry.

Members of the Non-Stressed segment reported that they were
generally unconcerned with any of the nine farmer stressors
assessed in the study. Not surprisingly, members of this segment
exhibited few signs of psychological morbidity; on average, their
scores for depression, anxiety and stress reactivity all fell within the
normal range. It is also worth noting that, farmers who reported
having no CSG lease entitlement over their properties were over-
represented in this Non-Stressed category. Given members of this
segment appeared to exhibit sound mental health and managed
properties unlikely to be directly affected by CSG extraction, we see
no need to offer specific engagement advice for this group.

Members of the Finance-Stressed segment were characterized
by inflated concerns about weather and the economic viability of
their farms. Their reported scores on all three mental health out-
comes fell within the “normal” range. However, the stress reactivity
for this segment, despite being in the normal range, was signifi-
cantly higher than the levels reported in the Non-Stressed segment.
Extreme weather events, such as drought, adversely impact on-
farm productivity and financial security, adding to the stress of
those affected by it (Edwards, Gray, & Hunter, 2009; Gunn et al.,
2012). While mental health intervention for members of this
segment is not required, preventative actions through agencies
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such as the Rural Financial Counselling Service may prove benefi-
cial (Department of Agriculture, 2015). The CSG industry should
also be sensitive to farmers’ financial concerns. Uniform and open
compensation packages that help even out income streams during
adverse weather events such as droughts and floods may assist in
reducing financial stress.

The CSG-Stressed segment was similar to that of the Non-
Stressed landholders in that the perceived severity of most of the
traditional agricultural stressors was generally reported as low.
However, stress associated with CSG impacts both on-farm (oper-
ations, profitability, and personal privacy) and off-farm (health,
community and environmental) were assessed as severe; a key
feature that sets this segment apart from the Non-Stressed and
Finance-Stressed segments. Notably, the landholders with inter-
action with the CSG industry were highly represented in this
segment; having either rejected an approach (approximately 30%)
or engaged in lease arrangements (approximately 44%). Although
direction of causation cannot be inferred from our data, it appears
that active engagement with CSG activities e either positive or
negative e appears to contribute to the stress burden of land-
holders. Our measures of on-farm and off-farm CSG stressors
highlight nine specific concerns that farmers have with the
industry.

On average, depression scores for this segment reached clini-
cally significant levels, at the lower end of the “mild” range. Anxiety
and stress reactivity scores both fell within the normal range.
However, like the Finance-Stressed farmers, the average level of
stress reactivity was significantly higher than the Non-Stressed
segment. Mental health service providers in rural Australia are
well aware of the impacts traditional agricultural stressors have on
farming communities. Our results suggest that, even in the absence
of such traditional stressors, new stressors associated with
emerging industries, such as CSG, may adversely affect farmers'
mental health. Thus, the elevated symptoms of depression in this
segment may reflect demoralization (feelings of uncertainty,
helplessness or hopelessness) associated with these specific
stressors. Accordingly, mental health practitioners working in rural
areas should be alert to the possibility that CSG extraction may play
a role in depression etiology, and provide interventions that
improve coping responses and increase resilience. These could
include problem-focused strategies (e.g., problem-solving and
planning) to tackle issues that can be changed, and emotion-
focused strategies (e.g., social support, regular exercise, and
healthy emotional expression) to support mental health and well-
being in the presence of an enduring stressor e in this case, CSG
issues (WHO Collaborating Centre for Evidence in Mental Health
Policy, 2004). CSG operators could assist in reducing the stress
burden on famers by specifically addressing farmers’ concerns
during negotiation and operational stages.

The final segment labeled Globally-Stressed, comprised in-
dividuals who, on average, scored above the midpoint on all of the
farmer stressors assessed in this study, with the exception of social
isolation. The majority of the group (approximately 30%) was those
who had rejected an approach by a CSG operator; therefore, not
surprisingly Off-Farm CSG concerns (health, community and envi-
ronmental) factor was the predominant stressor. The segment
exhibited levels of depression, anxiety, and stress reactivity that fell
above the normal range and at levels consistent with a mood or
anxiety disorder. From a mental health perspective, this was the
most worrisome segment. The results suggest the need for proac-
tive identification and early intervention for farmers stressed by
multiple factors, including unknown issues associated with the CSG
industry. Community-based mental health first aid training,
including knowledge about online resources such as Beyondblue
(2014) and telephone counseling services such as Lifeline (Lifeline
Australia, 2014) are front line strategies for reducing the potential
morbidity of this group. However, given the risk of a persisting
clinical response, services from mental health professionals are
needed in local communities should a farmer or family member
develop a major depressive disorder or other serious mental health
condition. Such resources could be promoted and partially funded
by the CSG industry, and provided by government and non-
government health services, either in face-to-face or e-Health
modes.

4.3. Limitations and future research

The study has several limitations. First, although we surveyed a
large sample of farmers with different experiences with CSG
extraction, we did not employ random sampling. Indeed the 2011
Agricultural Census reports farmers are predominantly male (78%)
(Australian Bureau of Statistics, 2012). Thus, our findings may not
generalize to the Australian farming population. Nevertheless, this
study clearly shows that a substantial number of Australian farmers
are very concerned about the CSG extraction in agricultural areas,
and that these concerns are associated with a range of negative
mental health outcomes.

Second, our cross-sectional correlational design prevented us
from making strong inferences about causality and the direction-
ality of effects reported in the study. Although several of the farmer
stressors assessed in this study were significantly associated with
farmer mental health status, it is unclear whether farmer stress
dimensions are the primary drivers of negative mental health
outcomes. Other causal factors are probably operating, and it is also
likely that psychological morbidity is exerting a reciprocal effect on
farmer stress perceptions. Longitudinal studies are required to help
clarify the precise nature of how the association between agricul-
tural stressors and mental health develops over time, and the pri-
mary direction of causality. In terms of the potential impact of CSG
stress dimension on farmers’mental health, future research should
target soon-to-be developed agri-gas fields and monitor farmer
stress and mental health as development progresses.

4.4. Conclusion

Farmers are subject to a broad range of occupation-specific
stressors that can impact their mental health. We found that
traditional models of farmer stressors can be usefully expanded to
include concerns about CSG extraction. Farmers' CSG concerns
related to community and health impacts explained unique vari-
ance in depression and stress reactivity, after controlling for other
common agricultural stressors. CSG concerns also played a central
role in two of the four farmer stress profile segments identified in
our sample. Both of these segments exhibited “clinically signifi-
cant” levels of psychological morbidity, albeit in the low to mod-
erate regions of severity. Insights about the association between
CSG concerns and farmers’mental health may assist regulators and
industry to review and adjust their practices to reduce unintended
community impacts.
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