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Climate change is seen as a public 

health priority,1-3 not only in the 

poorest countries but also in high 

income countries.4 Climate change is expected 

to lead to more frequent adverse events such 

as drought, floods and intense storms. These 

extreme weather events are projected to affect 

water and food quality and availability,5,6 

which will disrupt existing social and 

environmental structures.7 Based on current 

knowledge of how adverse climate events 

affect health, it has been postulated that there 

will be an increase in: the number of human 

deaths due to increased frequency of extreme 

weather events; allergies, respiratory illnesses, 

spread of vector-borne diseases; and a shift 

in the distribution of infectious diseases.8 

Increased anxiety and distress resulting 

from awareness of, and concern about, the 

perceived effects of climate change have also 

been suggested,9 with greater effects expected 

among vulnerable people, such as those 

with worse socioeconomic circumstances.10 

Empirical evidence on the impact of climate 

change on health is needed.11 

The need for further research and a plan 

for prospectively monitoring health outcomes 

related to drought have been proposed for the 

United States (US).12 Drought is a complex 

scenario differing across geographic regions, 

and having major economic impacts on primary 

producers and their communities, regions 

and nations.13 Although some information 

is available about the social and economic 

impacts of drought,9 a recent review in the US 

found only limited data on the effect of drought 

on public health.14 

By linking existing Australian health data 

with national climate data, the current paper 

aims to compare the health of women living 

in areas that have been subject to extreme 

weather events, primarily drought, with the 

health of women in unaffected areas.

In Australia, areas that experience a rare 

event (one in 20-25 years) such as drought, 

floods or fires can be declared as areas 

where Exceptional Circumstances (EC) 

exist.15 To be declared an EC area, the event 

must result in a severe downturn in farm or 

farm-related income for more than a year 

that cannot be managed by normal risk 

management frameworks and that is not 

part of normal market fluctuations. An EC 

declaration affords people living in the area 

access to financial support and interest rate 

subsidies.13 By linking EC data to survey 

results for the same period from participants 

in the Australian Longitudinal Study on 

Women’s Health (ALSWH) for women living 

outside major urban centres, we were able to 
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compare the health of women living in EC declared areas with that 

of women not living in EC declared areas and hence shed light 

on possible effects of climate change on health. Based on limited 

past research, we hypothesised that women living in EC declared 

areas would report poorer general and mental health and higher 

stress levels than women not living in EC declared areas, and that 

differences in self-rated health and stress would be greater among 

more vulnerable women.

Methods
In 1996, three cohorts of women (born 1921-26, 1946-51 and 

1973-78) were enrolled in the ALSWH to cover important changes 

in women’s lives. This analysis uses data from the cohort of women 

born between 1946 and 1951 (1946-51 cohort). Full methodological 

details of the ALSWH are published on the project website,16 with 

key points summarised below. The women were randomly selected 

from the national health insurance database (Medicare Australia), 

which includes all citizens and permanent residents. Stratified 

random sampling was used with intentional over-sampling of 

women living in rural and remote areas. Medicare Australia invited 

the women to complete the first mailed survey in 1996. Due to 

possible inaccuracies in the Medicare database, the response rate 

for the first survey could not be calculated exactly but for this cohort 

was estimated to be 53%-56%. Follow-up surveys were sent in 

1998, 2001, 2004 and 2007. Ethical clearance was obtained from 

the Universities of Newcastle and Queensland (Ethics approvals 

H0760795 and 2004000224). This analysis uses data from women 

who completed the 2004 survey and were living outside major cities. 

The 2004 survey was used as this was able to be matched with EC 

data covering the same time period.

Measures
All measures were self reported. The three main outcomes were 

self-rated health measured by the General Health (GH) and Mental 

Health (MH) domains of the Short Form Medical Outcomes Study 

36-item (SF-36)17 and perceived stress.18 Scores for GH and MH 

range from 0 to 100, with higher scores indicating better physical 

and mental health. Lower GH scores are associated with serious 

physical conditions (e.g. heart disease, hypertension, diabetes, 

cancer) and are predictive of future morbidity and mortality.19 Low 

MH scores are indicative of depression.17 Scores for perceived stress 

range from 0 to 4 with higher scores indicating more stress.18 Other 

health measures included the number of general practitioner (GP) 

visits in the last year and the number of doctor diagnosed physical 

conditions (diabetes, heart disease, hypertension, stroke, asthma, 

bronchitis/emphysema, and osteoporosis). Additional mental 

health measures were self-reported doctor diagnosis of depression 

or anxiety, suicidal thoughts (feeling that life was not worth living 

in the last week) and deliberate self-harm in the last six months.

The main exposure variable was whether the woman was living 

in an EC declared area in 2004/05, obtained by linking latitude and 

longitude of the woman’s address at the 2004 survey with latitude 

and longitude of EC declared areas in the same year. Variables 

potentially on the pathway between living in an EC declared area 

and health were demographic indicators, social factors and health-

related factors. Demographic indicators included relationship status 

(married or living in a de facto relationship; separated or divorced; 

widowed; single), age (in years, between 53 and 58), highest level 

of education achieved (10 years or less; 11-12 years, trade or 

apprenticeship; certificate or diploma; university degree) and ability 

to manage on available income (five response options ranging from 

easy to impossible). Geographic area of residence was classified 

as living in major cities (excluded from this paper), inner regional, 

outer regional or remote areas using Accessibility/Remoteness 

Index of Australia (ARIA+), which is recognised as Australia’s 

most authoritative measure of geographic remoteness.20 ARIA+ 

is derived from measures of road distance between populated 

localities and service centres within Australia. Inner regional areas 

are those where access to goods, services and social interaction are 

somewhat restricted by geographic distance, and include towns such 

as Tamworth and Dubbo in New South Wales, Ballarat and Echuca 

in Victoria, Rockhampton and Dalby in Queensland, Tanunda and 

Murray Bridge in South Australia and Busselton and Collie in 

Western Australia. Vulnerability to poor health was measured by 

worse socioeconomic circumstances,10 defined as lower level of 

education, or difficulty managing on available income. 

Social factors included social support,21 perceived control22 and 

optimism measured by the revised Life Orientation Test (LOT-r).23 

The Medical Outcomes Study (MOS) social support scale was 

scored from 0-100, with scores of 0-50, 50-75 and 75-100 indicating 

low, moderate and high levels of social support. Scores of 0-18, 18-

24 and 24-30 on the perceived control scale indicated low, moderate 

and high levels of control. The same scoring system was used 

for optimism. Health-related factors were smoking status (never 

smoked, ex-smoker or current smoker) and alcohol intake (non-

drinker, occasional drinker, moderate drinker or heavy drinker). 

Statistical analyses
All analyses used SAS version 9.2.24 The representativeness of the 

sample was assessed by comparing the characteristics of the women 

who completed the 2004 ALSWH survey with those of women of 

the same age and locations at the 2006 Australian Census. Moran’s 

I was used to test for spatial autocorrelation, and whether the data 

were randomly distributed. Chi-squared statistics were used to test 

associations between EC and demographic, psychosocial and health-

related factors, and categorical physical and mental health outcome 

measures. Separate generalised linear models (GLMs) were used to 

investigate the relationship between GH, MH and perceived stress 

and living in an EC declared area. The least square means option 

of the GLM procedure was used to estimate unadjusted means for 

GH, MH and perceived stress by EC. Least square means adjusted 

for demographic, psychosocial and health-related factors were also 

calculated from the observed marginal distributions. To determine 
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Table 1: Characteristics of 6584 women aged 53-58 years 
by Exceptional Circumstances (EC) declared areas.

EC area 
n=3,366 
%

Non-EC 
n=3,218  
%

p

Demographic factors

Geographic areas

  Inner regional 
  Outer regional 
  Remote or very remote

70.4 
25.9 
3.7

54.8 
36.5 
8.7

<.0001

Education

  10 years or less 
  11-12 years, trade or apprenticeship 
  Certificate or diploma 
  University degree

53.2 
17.9 
16.0 
12.9

49.2 
21.4 
16.8 
12.6

0.001

Relationship status

  Married / in a de facto relationship 
  Separated / divorced  
  Widowed 
  Single

82.9 
11.3 
3.8 
2.1

83.6 
11.1 
3.5 
1.8

0.77

Ability to manage on available income

  Impossible / Difficult all the time 
  Difficult some of the time 
  Not too bad 
  Easy

13.9 
28.7 
43.7 
13.6

12.4 
26.5 
44.1 
16.9

0.001

Psychosocial factors

Level of social support

  Low  
  Moderate 
  High

17.9 
26.6 
55.5

16.9 
26.6 
56.4

0.56

Optimism 

  Low  
  Moderate 
  High

17.4 
49.2 
33.5

14.9 
46.8 
38.3

<.0001

Perceived control

  Low  
  Moderate 
  High

34.5 
41.5 
24.0

32.2 
43.4 
24.4

0.14

Health related factors

Smoking status

  Never smoked 
  Ex-smoker 
  Current smoker

59.9 
26.5 
13.6

59.6 
27.5 
12.9

0.51

Alcohol intake

  Non-drinker 
  Occasional drinker 
  Moderate drinker 
  Heavy drinker

16.7 
24.5 
52.2 
6.6

16.3 
23.7 
53.4 
6.6

0.79

Physical and mental health measures

Number of GP visits in last year

  None 
  One or two 
  Three or four 
  Five or more

6.8 
35.6 
28.7 
28.9

7.5 
34.6 
28.7 
29.2

0.63

Number of physical conditions

  None 
  One 
  Two 
  Three or more

62.6 
26.6 
8.7 
2.1

63.4 
26.1 
8.1 
2.4

0.54

Doctor diagnosis of depression or 
anxiety

16.6 16.4 0.83

In past week, feeling that life wasn’t 
worth living 

5.9 6.0 0.92

Deliberate self-harm in the past six 
months

0.5 0.4 0.54

whether vulnerable women would be particularly badly affected 

by climate change, the analyses were repeated for women with 

worse socioeconomic circumstances: 1) women who had less than 

11 years education, and 2) women who found it impossible or 

always difficult to manage on their available income. In all models, 

sample sizes provided 80% to 100% power to detect significant 

differences of at least four points on the GH and MH scales, and 

at least 0.2 of a point on the perceived stress scale using a 5% 

significance level and two-tailed test.

Results
To assess potential selection bias, the characteristics of 6,794 

women who lived outside major cities and responded to the 2004 

ALSWH survey were compared with those of 239,955 women 

of the same age and locations in the 2006 Australian Census. 

Compared with the Census, women were just as likely to live 

in inner regional, outer regional or remote areas (Census: 65%, 

30%, 6% versus ALSWH: 63%, 31%, 6%), had similar levels of 

education (up to 10 years’ school; 12 years’ school, Certificate or 

Diploma; University: 53%, 35%, 12% Census versus 52%, 36%, 

13% ALSWH) and were slightly less likely to be Indigenous (2% 

in Census versus 1% in ALSWH). ALSWH participants were more 

likely to be married or living in a de facto relationship (83% versus 

75%) than women of the same age in the Census. 

Women were excluded from the analysis if they did not provide 

data on the outcome measures: GH, MH, perceived stress or to 

determine the main exposure variable, EC (n=210). In 2004, 51% 

of the remaining 6,584 women were living in EC declared areas. 

Variables that are potentially on the EC-health pathway are shown 

in Table 1. Compared with women in non-EC areas, women in 

EC areas were more likely to live in inner regional areas, have 

10 years or less education, found it more difficult to manage on 

their available income and were less optimistic about the future 

(Table 1). There were no differences in women’s perceived control, 

smoking status or alcohol use. Nor were there differences in the 

number of GP visits in the last year, the number of diagnosed 

physical conditions, diagnoses of depression or anxiety, suicidal 

thoughts or self-harm.

Moran’s I indicated data on self-rated health and perceived 

stress were spatially uncorrelated. The GH and MH means for 

women living in EC declared areas were not different from those 

of women living in non-EC declared areas (Table 2). Perceived 

stress was slightly and marginally statistically significantly higher 

for women living in EC declared areas but the effect was no longer 

apparent after adjustment for demographics, health-related and 

psychosocial factors. 

Means for self-rated health and perceived stress for vulnerable 

women living in EC and non-EC declared areas are shown in Table 

3. Mean scores for self-rated health were at least 10 points lower 

for women who had difficulty managing on available income than 

for all women (see Tables 2 and 3). Australian National Health 
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Table 2: Least-square mean scoresa for self-rated health and stress for 6,584 women aged 53-58 years by areas 
declared as experiencing Exceptional Circumstances (EC) in 2004/2005.

EC area 
Mean (95%CI)

Non-EC area 
Mean (95%CI)

Difference 
Mean (95%CI)

P value

General Health 70.5 (69.8–71.2) 70.8 (70.1–71.5) -0.31 (-1.31–0.69) 0.54
Adjusted for

  demographics 
  health-related factors  
  psychosocial factors 
  all of above

70.9 (70.2-71.6) 
70.7 (70.0–71.4)  
71.0 (70.4–71.6) 
71.1 (70.4–71.7)

70.9 (70.2–71.6) 
71.1 (70.3–71.8) 
70.7 (70.1–71.4) 
70.7 (70.1–71.4)

-0.04 (-1.04–0.96) 
-0.36 (-1.37–0.64) 
0.26 (-0.65–1.17) 
0.35 (-0.56–1.27)

0.94 
0.48 
0.58 
0.45

Mental Health 74.8 (74.2–75.4) 75.2 (74.5–75.8) -0.35 (-1.21–0.51) 0.43
Adjusted for

  demographics 
  health-related factors  
  psychosocial factors 
  all of above

75.3 (74.7–75.9) 
75.0 (74.4–75.6) 
75.3 (74.9–75.8) 
75.4 (74.9–75.9)

75.1 (74.5–75.7) 
75.3 (74.7–75.9) 
75.0 (74.5–75.5) 
74.9 (74.4–75.4)

0.22 (-0.64–1.07) 
-0.30 (-1.17–0.57) 
0.38 (-0.34–1.09) 
0.55 (-0.17–1.27)

0.62 
0.50 
0.30 
0.13

Perceived Stress 0.58 (0.57–0.60) 0.56 (0.54–0.57) 0.02 (0.002–0.05) 0.03
Adjusted for

  demographics 
  health-related factors  
  psychosocial factors 
  all of above

0.57 (0.55–0.59) 
0.58 (0.56–0.60) 
0.57 (0.56–0.59) 
0.57 (0.56–0.58)

0.57 (0.55–0.58) 
0.56 (0.54–0.57) 
0.56 (0.55–0.58) 
0.57 (0.56–0.58)

0.00 (-0.02–0.02) 
0.02 (-0.001–0.05) 
0.01 (-0.01–0.03) 
0.00 (-0.02–0.02)

0.89 
0.06 
0.30 
0.93

a Adjusted least square means (95% confidence interval), estimated using observed marginal distributions for other variables.

Table 3: Least-square mean scores for self-rated health and stress for potentially vulnerable women aged 53-58 years 
by areas declared as experiencing Exceptional Circumstances (EC) in 2004/2005.
Self-rated health EC area 

Mean (95%CI)
Non-EC area 
Mean (95%CI)

Difference 
Mean (95%CI)

P-value

Up to 10 years education n=1,778 n=1,571
General health

  unadjusted 
  adjusteda

68.5 (67.5–69.5) 
68.9 (68.0–69.8)

69.1 (68.0–70.1) 
69.1 (68.1–70.0)

-0.61 (-2.06–0.84) 
-0.24 (-1.55–1.08)

0.41 
0.72

Mental health

  unadjusted 
  adjusteda

73.5 (72.6–74.3) 
73.9 (73.1–74.6)

73.8 (72.9–74.7) 
73.7 (73.0–74.5)

-0.33 (-1.62–0.95) 
0.11 (-0.95–1.18)

0.61 
0.83

Perceived stress

  unadjusted 
  adjusteda

0.57 (0.55–0.59) 
0.56 (0.55–0.58)

0.54 (0.52–0.56) 
0.55 (0.53–0.57)

0.03 (-0.003–0.06) 
0.02 (-0.01–0.04)

0.073 
0.28

Always difficult or impossible to manage on available income n=464 N=398
General health

  unadjusted 
  adjusteda

59.3 (57.1–61.5) 
59.6 (57.6–61.6)

58.3(55.9–60.7) 
58.4 (56.2–60.6)

0.99 (-2.22–4.21) 
1.22 (-1.79–4.22)

0.54 
0.43

Mental health

  unadjusted 
  adjusteda

63.8 (61.9–65.7) 
64.5 (62.8–66.1)

64.6 (62.5–66.7) 
64.7 (63.0–66.5)

-0.77 (-3.62–2.08) 
-0.26 (-2.70–2.19)

0.59 
0.84

Perceived stress

  unadjusted 
  adjusteda

0.93 (0.87–0.98) 
0.91 (0.87–0.96)

0.89 (0.84–0.95) 
0.91 (0.86–0.96)

0.03 (-0.04–0.11) 
0.003 (-0.07–0.07)

0.41 
0.94

a Least square means (95% confidence interval), estimated using observed marginal distributions for other variables and adjusted for demographic, health-
related and psychosocial factors

Survey data show that women with one or more serious physical 

condition (e.g. cancer, heart disease, diabetes, and hypertension) 

have GH scores that are eight points lower and MH scores that 

are four points lower than women who have no serious physical 

conditions.25 Clearly, vulnerable women had poorer self-rated health 

and higher levels of stress than other women, however differences 

in scores by EC-declaration were not significantly different. 

Discussion
Contrary to expectations, this analysis found no health or well-

being deficit associated with exposure to adverse climate events, 

primarily drought, defined by living in an EC declared area. Few 

studies have investigated the effects of drought on health and well-

being. Two small studies of adolescent children in drought affected 

rural and remote areas of Australia found no difference in emotional 
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distress among 330 adolescents and Australian norms in 2004, but 

emotional distress was higher in 111 adolescents in the same area 

four years later.26,27 A Brazilian study of 204 people, half living in a 

drought-prone area and half in a drought-free area, found emotional 

distress was higher in the drought-prone area, particularly among 

the women.28 The results of these studies and the current study are 

not directly comparable due to differences in measures of health, 

well-being and drought, and differences in the samples in terms 

of country, area, age, gender, and sample size. The current study 

contributes to this small body of knowledge by providing important 

empirical evidence.

Although climate change was expected to have a greater effect on 

vulnerable women, no differences in health or stress were observed. 

Clearly, vulnerability was strongly related to health and well-being. 

Women who always had difficulty managing on available income 

had significantly poorer self-rated health and greater levels of stress 

than the general population of women, regardless of exposure to 

adverse climate events. These findings are consistent with two 

reviews that concluded that poorer health was more strongly 

associated with poorer socioeconomic circumstances (such as 

poverty and less education) than living in an urban or rural area in 

high income countries.29,30 A smaller Brazilian study proposed that 

drought was likely to lead to poorer socioeconomic circumstances, 

in turn leading to more stress,28 a hypothesis that was not supported 

by the current study. Apart from differences in study designs, 

compared to Brazil, high income countries such as Australia can, 

and do provide support for people in need. This support, such as that 

provided through the EC scheme, may be enough to tip the health 

and well-being balance in these circumstances.

Given the unexpected results, a close examination of the 

limitations of this study is especially warranted. Firstly, EC is a 

coarse measure of adverse climate events and may not be a sensitive 

measure of climate change as it does not allow for the severity of 

events. Nevertheless, the EC criteria allow for the identification of 

those living in areas affected by chronic climate-related events such 

as drought rather than acute events such as flood or fire. It is possible 

that the health impacts of climate events reported in past research31 

have reflected short term rather than longer term outcomes, when 

there has been time for adaptation to changed conditions. 

A second limitation of the current study is that only women 

aged 53-58 years were included in the analysis. This leaves open 

the possibility that the results may vary according to age and/

or gender. Male suicide rates are high in rural farming, drought 

affected areas in Australia.32 The results of the current study 

showed no difference in suicidal thoughts or self-harm according 

to EC status among ALSWH participants. Alston suggests that 

women’s roles in agriculture, which involve interacting in the 

community and monitoring family health, might be protective of 

mental health compared with men’s roles, which are more likely to 

involve attending to the distress and constant physically demanding 

work that drought entails.32 One of the most important themes in 

the literature exploring women and rurality is that of resilience and 

strength. Panelli suggests ‘women are rarely if ever passive subjects 

in the rural contexts and conditions they navigate’.33,p495 Perhaps 

this resilience facilitates the similarity of health and well-being of 

women in EC areas and non-EC areas. Further research is needed 

to determine whether there is a health impact associated with living 

in an EC area for men and for women of different ages.

A third limitation concerns a lack of information about whether 

the women were actually receiving EC assistance. The data only 

allowed for identification of women who were potentially eligible 

to apply for assistance, not those who were actually receiving 

assistance. As we were interested in establishing the impact of 

a climate event, as opposed to the impact of financial aid, this 

limitation was not viewed as serious. However, this limitation does 

prevent a direct evaluation of the EC assistance program in buffering 

the health impact of climate events. 

A fourth potential limitation of the study is that un-partnered 

women were underrepresented among the ALSWH participants. 

Past research has suggested that climate events associated with 

climate change will impact disproportionately on those with less 

socio-economic resources.34 However, even after adjustment for 

relationship and economic status (ability to manage on available 

income and education) there was still no apparent health impact 

associated with living in an EC area.

The study also has considerable strengths. Data were collected 

from a large sample of women, almost three percent of the total 

population of women of the same age living outside major cities in 

Australia. The women were broadly representative of women of the 

same age in the Australian population in these areas with some over-

representation of partnered women. The exposure measure, living in 

an EC declared area in 2004, established the presence of long term 

effects of adverse climate events. Based on the number of broad-

acre and dairy farms, an estimated 31% of farmers in EC declared 

regions received EC support over the 2003-04 and 2004-05 financial 

years.35 Almost half the recipients of Exceptional Circumstance 

Relief Benefit received support for one to two years, indicating the 

chronic nature of conditions that lead to EC declarations.

Considering these strengths, it is important to turn to possible 

explanations for the unexpected results. As previously mentioned, 

Australia has cycled through drought and flood throughout living 

memory. In that sense, identifying EC declared areas, which were 

predominantly due to drought, is likely to be tapping into rare but 

not unexpected events. While the length and frequency of droughts 

might increase due to climate change, their occurrence may be an 

accepted part of life in the rural areas of Australia. This acceptance 

may enhance coping through preparation and adaptation, which 

consequently might act to reduce the potential health impacts of 

drought. There was some evidence for this in the current study, 

which showed no differences in perceived control between EC and 

non-EC areas.

It is also possible that because Australia has cycled through 

extreme weather events for some time that the people and 

governments have adapted to these dramatic changes. Indeed 
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the presence of EC assistance reflects an adaptation strategy as 

recommended by Keim as a response to climate change.36 In 

addition, other social movements such as the Country Women’s 

Association in rural areas could be buffering against adverse health 

effects, as suggested by recommendations by Ebi and Semenza.37 

Conclusions
Climate change is expected to lead to more frequent adverse 

climate events, and to pose risks to human health and well-

being, particularly among vulnerable people. Contrary to these 

expectations, this analysis of Australian data found no health or 

well-being deficit associated with exposure to adverse climate 

events, primarily drought. This research is an important addition 

to existing literature on climate change and health. It suggests 

that in high-income countries such as Australia there are multiple 

resources, including government assistance and other forms of 

social support, which can mitigate some of the health impacts of 

adverse climate events. 
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