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Ambulance dispatches and heatwaves in Tasmania, Australia: A case-1 

crossover analysis 2 

ABSTRACT 3 

Background: Climate change is causing an increase in the frequency and severity of 4 

heatwave events, with a corresponding negative impact on human health. Health service 5 

utilisation during a heatwave is increased, with a greater risk of poor health outcomes 6 

identified for specific population groups. In this study, we examined the impact of heatwave 7 

events on ambulance dispatches in Tasmania, Australia from 2008 to 2019 to explore health 8 

service utilisation and identify the most vulnerable populations at a local level. Methods: 9 

We used a time-stratified case-crossover analysis with conditional logistic regression to 10 

examine the association between ambulance dispatches and three levels of heatwave 11 

events (extreme, severe, and low-intensity). We examined the relationship for the whole 12 

study population, and by age, gender, socio-economic advantage and clinical diagnostic 13 

group. Results: We found that ambulance dispatches increase by 34% (OR 1.34, 95% CI 1.18-14 

1.52) during extreme heatwaves, by 10% (OR 1.10, 95% CI 1.05-1.15) during severe 15 

heatwaves and by 4% (OR 1.04, 95% CI 1.02-1.06) during low-intensity heatwaves. We found 16 

significant associations for the elderly (over 65), the young (5 and under) and for regions 17 

with the greatest socio-economic disadvantage. Conclusion: Heatwaves were associated 18 

with increased demands on ambulance services in Tasmania. In subgroups of people aged 19 

over 65 or under 5 years of age, and those from areas of higher disadvantage, we generally 20 

observed greater effect sizes than for the population as a whole. 21 

 22 

Keywords: Extreme heat, heatwave, ambulance, emergency management, case-crossover 23 
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1. INTRODUCTION 1 

Anthropogenic climate change is causing a global increase in the frequency, severity and 2 

duration of heatwaves (Perkins et al., 2012), with a growing body of evidence linking 3 

heatwave events to an increase in human mortality and morbidity (Han et al., 2017). 4 

Furthermore, climate modelling suggests that increased temperatures in the future will 5 

likely result in non-survivable conditions for many densely populated regions around the 6 

world (Mora et al., 2017b). The negative health outcomes associated with heatwaves, which 7 

range from heatstroke and severe sunburn to exacerbations of existing heart, renal and 8 

diabetic complications, often as a result of dehydration, are the result of a range of 9 

interrelated physiological pathways (Mora et al., 2017a). These are measured using 10 

mortality and morbidity data including the number of deaths, hospital presentations, 11 

hospital admissions or ambulance dispatches during and after a specific heatwave event or 12 

across a series of heatwave events. 13 

Numerous studies have demonstrated the disproportionate health impact of heatwaves, 14 

with the elderly (Dalip et al., 2015), children (Campbell et al., 2019), those with existing 15 

medical conditions (Yin and Wang, 2017) and those from more disadvantaged socio-16 

economic regions (Xiao et al., 2017) most at risk when exposed to prolonged and extreme 17 

temperatures. This type of research has been conducted over multiple years and across 18 

multiple settings (Campbell et al., 2018), showing a strong pattern of human health impact 19 

with local variations. In Australia, several studies have examined extreme heat events using 20 

mortality and morbidity data, generally focusing on large metropolitan centres (Nitschke et 21 

al., 2011; Wang et al., 2015; Williams et al., 2012). Specifically, the impact of heatwaves on 22 

ambulance dispatches has been studied in Sydney (Schaffer et al., 2012), Brisbane (Turner et 23 

al., 2013) and Adelaide (Nitschke et al., 2011), cities with large populations and temperate 24 

climates. 25 

Ambulance dispatch data offers an opportunity to examine the health impact of short-term 26 

environmental hazards such as heatwaves, given the real-time nature of paramedic 27 

attendances. Specifically, paramedic assessments offer a clinically robust and informative 28 

dataset, as standardised diagnostic protocols are used to evaluate patients (Johnston et al., 29 

2019). Previous studies of ambulance dispatch data during and after heatwave events have 30 

shown an overall increase in the volume of calls (Kue and Dyer, 2013; Onozuka and 31 

Jo
urn

al 
Pre-

pro
of



Hagihara, 2016), as well as increases in cases from specific high-risk patient groups related 1 

to age and pre-existing cardiovascular and respiratory conditions (Turner et al., 2013). These 2 

studies are important for surge capacity planning during heatwave events, especially as 3 

these events are largely forecastable a few days in advance. 4 

The study was set in the island state of Tasmania, which lies approximately 300 km south of 5 

mainland Australia. The majority of the Tasmanian population reside in an area classified as 6 

regional or remote (Australian Bureau of Statistics, 2011). The state’s total estimated 7 

population in 2019 was 534 500, with the majority of the population residing in one of three 8 

major centres: Hobart in the south (population 216 700), Launceston in the north 9 

(population 88 200), the north-west coastal centres of Burnie, Wynyard, Devonport and 10 

Ulverstone (population 72 500), and smaller but economically important regional centres on 11 

the east coast at St Helens (population 1449), and the west coast at Queenstown 12 

(population 1755) (Australian Bureau of Statistics, 2016a). The remaining 153 800 residents 13 

are scattered across small towns and settlements (Figure 1). The population gender 14 

distribution is slightly uneven, with 1.02 females for every male (Australian Bureau of 15 

Statistics, 2020). Mean summer temperatures across Tasmania are relatively low when 16 

compared to other Australian jurisdictions, although similar to many parts of New Zealand 17 

and the central western coast of Chile (Codeminders, 2021). Heatwaves are relatively rare 18 

(Campbell et al., 2019). However, Tasmania has a greater proportion of elderly people, a 19 

greater proportion of those living with a chronic condition, and the highest proportion of 20 

those living in disadvantaged regions when compared to other Australian jurisdictions 21 

(Australian Bureau of Statistics, 2018; Department of Health, 2018), making it a potentially 22 

more vulnerable population to heat-related illness when heatwaves occur. 23 

In Tasmania, heatwaves have been identified as a natural disaster risk through the 24 

Tasmanian State Natural Disaster Risk Assessment (White et al., 2016), however, evidence 25 

on the impact of heatwaves on local health service structure is limited to hospital 26 

emergency presentations (Campbell et al., 2019; Watson et al., 2020). This study aimed to 27 

strengthen the evidence regarding local health impacts of heatwaves by examining the 28 

associations between heatwave events and ambulance dispatches in Tasmania. 29 
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 1 

Figure 1: Map of Tasmania, Australia 2 

 3 

2. METHODS 4 

2.1. Outcome data 5 

Paramedic assessment data covering urgent and emergency cases from 1 January 2008 to 6 

28 February 2019 were obtained from Ambulance Tasmania for all regions of Tasmania. 7 

These data are clinical records completed by the attending paramedic at the time of, or 8 

immediately following, the incident prompting the ambulance dispatch. Records containing 9 

‘Standby’ and ‘Transfer’ dispatches were excluded as they do not reflect acute clinical cases, 10 

as were records with no date, no suburb or those recorded as outside Tasmania. 11 
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Each case was classified by: 1 

 age group (0-5, 0-15, 16-65, over 65) 2 

 sex 3 

 diagnostic condition by paramedic assessment, including cardiovascular, respiratory, 4 

renal, diabetic, psychological, direct heat-related and other heat-related conditions 5 

(see Table 1 in S1:Supplementary data for conditions associated with each diagnostic 6 

group). 7 

In addition, each case was classified by the Socio-Economic Index for Areas (SEIFA) category 8 

by suburb of incident, using the Index of Relative Socio-Economic Disadvantage (Australian 9 

Bureau of Statistics, 2018). SEIFA categories were amalgamated by condensing scores 1-3 as 10 

‘low advantage’, scores 4-7 as ‘middle advantage’, and scores 8-10 as ‘high advantage’. 11 

2.2. Exposure data 12 

Temperature data were obtained from the Bureau of Meteorology Atmospheric high-13 

resolution Regional Reanalysis for Australia (BARRA) dataset (Su et al., 2019), with average 14 

temperatures across a 24-hour period (midnight to midnight Australian Eastern Standard 15 

time, adjusted from UTC) used to identify heatwave events. Hourly raster data with a 1.5 km 16 

cell size were obtained for the period from 1 January 2000 to 28 February 2019. Boundary 17 

polygons for each Tasmanian suburb were obtained from the Australian Statistical 18 

Geography Standard (Australian Bureau of Statistics, 2016b) and transformed onto the same 19 

projection as the gridded temperature dataset. The daily mean temperatures for each 20 

suburb were determined by first calculating the daily mean temperature for each grid cell, 21 

then taking the spatial mean across all grid cells that were wholly or partially within the 22 

suburb boundary. 23 

We used the heatwave definition and categorisation of the Australian Bureau of 24 

Meteorology which is based on daily calculation of the Excess Heat Factor (EHF) index for 25 

each suburb. The EHF is based on the deviation of the 3-day forecast average temperature 26 

from the short- and long-term temperature observations at a given location, and has been 27 

described in detail elsewhere (Nairn and Fawcett, 2015). The Australian Bureau of 28 

Meteorology uses the EHF to define three levels of heatwave intensity: extreme, severe, and 29 

low-intensity (Bureau of Meteorology, 2019). 30 
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2.3. Covariate data 1 

Health outcomes associated with heatwaves may be confounded with those associated with 2 

elevated air pollution. This is because landscape fires producing elevated air pollution 3 

(which are often concurrent with heatwave events) have also been associated with 4 

ambulance callouts (Edwards et al., 2018; Johnston et al., 2019). Other similar studies in 5 

varying locations include air quality as a covariate (Tong et al., 2012; Zhang et al., 2019), and 6 

we also included fine particulate matter with a diameter less than 2.5μm (PM2.5) as a 7 

covariate. Relevant air pollution data were obtained through the Environmental Protection 8 

Agency (EPA) Tasmania’s air quality monitoring network, the Base Line Air Network of EPA 9 

Tasmania (BLANkET). Ambient 24-hour (midnight to midnight) average concentrations of 10 

PM2.5 were used, with missing data (5.2% of total monitoring station data) linearly 11 

interpolated using the na.approx() function from the ‘zoo’ package in R (Zeileis et al., 2019). 12 

The patient location suburb from the ambulance dataset were matched with BLANkET air 13 

monitoring station locations around Tasmania, and mapped to the closest monitor within a 14 

50 km radius. This ensured coverage of approximately 99% of the Tasmanian population 15 

(Jones et al., 2021),  producing a daily average 24-hour measurement of PM2.5 for each 16 

suburb for each day, where available. 17 

Public holidays were also included as a covariate, with state-wide public holidays for 18 

Tasmania obtained using the Python ‘holidays’ package (Montel, 2019). Holiday periods 19 

influence both exposure behaviours and health service availability, potentially influencing 20 

demand for ambulance services. 21 

2.4. Study design 22 

We used a time-stratified case-crossover study design, where individuals, rather than days, 23 

are the unit of analysis, and each person acts as their own control (Maclure, 1991). This 24 

method is commonly used in environmental epidemiology for examining the health impact 25 

of short-term exposure events (Jaakkola, 2003), and has been used for similar studies 26 

analysing the health impact of heatwave events (Basu et al., 2005; Campbell et al., 2019; 27 

Tong et al., 2012; Wang et al., 2012). Each person who had an ambulance dispatched to 28 

them was defined as a case. Heatwave status on the day of dispatch for each case (case 29 

days) was compared with heatwave conditions at the same geographic location on control 30 
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days, selected from the same calendar month and year and matched on the day of the 1 

week. Therefore, each case day had 3-4 control days. Exposure data (heatwave severity) and 2 

covariate data (PM2.5 and public holidays) were then compared between case and control 3 

days.  4 

2.5. Statistical analyses 5 

For the statistical analysis, we used conditional multivariate logistic regression using the 6 

clogit() function from the ‘survival’ package in R (Therneau and Lumley), where the primary 7 

exposure variable was heatwave severity. We calculated the odds ratio (OR) and the 95% 8 

confidence intervals (CI), for the association between extreme, severe and low-intensity 9 

heatwave events and ambulance dispatches. 10 

While potential confounders such as state-wide public holidays and PM2.5 by suburb of 11 

incident were included as covariates in the analyses, other potential confounders such as 12 

day of week, season and long-term trends were controlled by the time-stratified design. The 13 

influence of individual characteristics of cases such as smoking status, sex and age were also 14 

controlled through the study design, as each case acts as their own control. The equation 15 

used was: 16 

clogit(Case ~ HeatwaveSeverity + PubHol + PM + strata(ID), data=dataframe) 17 

We tested for associations with heatwaves for the entire study population and by the 18 

following subgroups: 19 

 age group (0-5, 0-15, 16-65, over 65) 20 

 sex 21 

 diagnostic condition by paramedic assessment (see Table 1: Supplementary data for 22 

conditions associated with each diagnostic group) 23 

 Socio-Economic Index for Areas (SEIFA) category (by suburb of incident). 24 

The University of Tasmania Health and Medical Human Research Ethics Committee 25 

approved this research (reference number H0016638). 26 
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3. RESULTS 1 

From 1 January 2008 to 28 February 2019, 593,117 urgent and emergency ambulance 2 

dispatches were documented in Tasmania. Table 1 shows the number and distribution of 3 

these dispatches across various population characteristics and diagnostic groups. 4 

Table 1: Characteristics of ambulance dispatches in Tasmania, Australia (Jan 2008-Feb 2019) 5 

Population 
characteristic/ 
diagnostic group 

Number  
(% of total) 

Mean daily 
presentations 

(SD)* 

Median 
(IQR)^ 

Range 

Whole study population 593 117 (100%) 145.5 (33.2) 150 (37) 25-227 

Age      

 ≤5 26 304 (4.4%) 6.5 (3.1) 6 (4) 0-19 

 ≤15 50 106 (8.4%) 12.3 (4.7) 12 (6) 0-31 

 16-65 296 230 (49.9%) 72.7 (17.5) 75 (20) 9-133 

 >65 242 673 (40.9%) 59.5 (15.9) 60 (20) 11-109 

Gender     

 Male 284 174 (47.9%) 69.7 (17.1) 71 (20) 12-123 

 Female 307 756 (51.9%) 75.5 (18.4) 78 (21) 11-124 

SEIFA of suburb of 
dispatch 

    

 Low 375 701 (63.3%) 92.2 (22.1) 95 (25) 16-153 

 Middle 144 111 (24.3%) 35.3 (9.6) 36 (12) 1-66 

 High 70 978 (12.0%) 17.4 (5.7) 18 (7) 0-40 

All cardiovascular 67 023 (11.3%) 16.4 (5.2) 16 (7) 0-36 

All respiratory 43 858 (7.4%) 10.8 (5.0) 10 (7) 0-40 

All renal 2 743 (0.5%) 0.7 (0.9) 0 (1) 0-6 

All diabetic 6 892 (1.2%) 1.7 (1.3) 2 (1) 0-8 

All psychological 30 935 (5.2%) 7.6 (3.5) 7 (5) 0-25 

Other heat-related 41 267 (7.0%) 10.1 (4.2) 10 (6) 0-30 

Direct exposure to heat 573 (0.1%) 0.1 (0.4) 0 (0) 0-10 
* SD: Standard deviation 6 
^ IQR: Interquartile range 7 

Over 769 suburbs were identified in Tasmania. The minimum number of raster cells per 8 

suburb was 1, representing a small suburb in the north west, while the maximum number 9 

was 8362, representing the large and very sparsely populated south west region. The mean 10 

number of cells per suburb was 70.5. A complete list of the number of raster cells by suburb 11 

is contained in S2: Supplementary data suburb raster cell. 12 

Extreme, severe, and low-intensity heatwaves were identified across Tasmanian suburbs on 13 

multiple occasions and across all regions. Heatwave counts and other metrics are illustrated 14 

in Table 2 and Figure 2, using data from the major population centres of Burnie (north-15 
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west), Hobart (south), Launceston (north), Queenstown (west), and St Helens (east). 1 

Heatwaves were most prevalent in the north of the state, as shown by Launceston and 2 

Burnie. Hobart, the most populated centre, experienced no extreme heatwave days and 3 

fewer severe and low-intensity days than other representative suburbs during the study 4 

period. 5 

Table 2: Characteristics of heatwaves by major population centre, Tasmania, Australia (2008-2019) 6 

Suburb Heatwave 
type 

Number of 
heatwave days 

Percentage of days 
with heatwaves 

Average days 
with heatwaves 
per year 

Burnie Low 135 3.31 12.09 

Burnie Severe 25 0.61 2.24 

Burnie Extreme 1 0.02 0.09 

Hobart Low 57 1.4 5.1 

Hobart Severe 8 0.2 0.72 

Hobart Extreme 0 0 0 

Launceston Low 135 3.31 12.09 

Launceston Severe 16 0.39 1.43 

Launceston Extreme 5 0.12 0.45 

Queenstown Low 66 1.62 5.91 

Queenstown Severe 13 0.32 1.16 

Queenstown Extreme 1 0.02 0.09 

St Helens Low 84 2.06 7.52 

St Helens Severe 10 0.25 0.9 

St Helens Extreme 2 0.05 0.18 

 7 

 8 

Figure 2: Number of heatwaves by major population centre, Tasmania, Australia (2008-2019) 9 

 10 
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Overall, we found that ambulance dispatches increased during heatwaves, with the 1 

magnitude of the association broadly associated with increasing heatwave intensity. 2 

Ambulance dispatches in the study population increased by 34% (OR 1.34, 95% CI 1.18-1.52) 3 

for extreme heatwave events; 10% (OR 1.10, 95% CI 1.05-1.15) for severe heatwaves; and 4 

4% (OR 1.04, 95% CI 1.02-1.06) for low-intensity heatwaves (Table 3, Figure 3). When all 5 

heatwave events were combined across all heatwave types, ambulance dispatches 6 

increased by 6% (OR 1.06, 95% CI 1.04-1.08). 7 

Associations between low-intensity heatwaves and ambulance dispatches were similar for 8 

males and females. While greater point estimates were observed in females during severe 9 

heatwaves and in males during extreme heatwaves, confidence intervals were widely 10 

overlapping in these less frequent heatwave types (Table 3, Figure 3). 11 

When evaluating the pattern of association among different age groups, we observed 12 

greater associations in children up to 15 years and adults over the age of 65, and smaller 13 

increases in the 16-64 year age group. Results for children were less precise than for other 14 

age groups due to the smaller number of cases in this group. For children aged 5 years and 15 

under, ambulance dispatches increased approximately 36% in severe heatwaves (OR 1.36, 16 

95% CI 1.10-1.68), and by nearly double this (64%) for extreme heatwaves but with much 17 

wider confidence intervals that included the null (OR 1.62, 95% CI 0.93-2.82). For children 18 

aged 0-15 years there were imprecise increases in the odds of ambulance dispatches of 19 

similar magnitude to that of the overall population (Table 3, Figure 3). 20 

For adults older than 65 years, the magnitude of the association was similar to that 21 

observed for the entire population during low-intensity and severe heatwaves but 22 

disproportionately higher during extreme heatwaves, with an increase of 47% (OR 1.47, 95% 23 

CI 1.21-1.78) compared with 24% (OR 1.24, 95% CI 1.03-1.49) in adults 16-64 years, and 34% 24 

(OR 1.34, 95% CI 1.18-1.52) across the whole study population (Table 3, Figure 3). Wider 25 

confidence intervals were present for the less common severe and extreme events.  26 

There were also notable differences by socio-economic status, with regions of greatest 27 

disadvantage experiencing higher odds of ambulance dispatches in all types of heatwaves 28 

than the overall population (Table 3, Figure 3). 29 
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Less than half of all callouts were able to be allocated to a particular diagnostic group based 1 

on paramedic assessment. The number of cases in some diagnostic groups are therefore 2 

very small and results generally have lower precision, for example, renal cases associated 3 

with extreme heatwaves (OR 1.20, 95% CI 0.12-11.57). Despite this, direct heat-related 4 

conditions were strongly associated with all levels of heatwave intensity with very high odds 5 

of a dispatch during extreme heatwaves (OR 48.00, 95% CI 6.24-369.18), however wide 6 

confidence intervals in this group reflect the small number of cases. ‘Other’ heat-related 7 

conditions were associated with low-intensity (OR 1.09, 95% CI 1.02-1.17) and severe 8 

heatwaves (OR 1.43, 95% CI 1.20-1.70). 9 

While positive associations for cardiovascular conditions were observed during low-intensity 10 

(OR 1.05, 95% CI 0.99-1.11) and extreme events (OR 1.42, 95% CI 0.98-2.06), the confidence 11 

intervals included the null. 12 

Results were not meaningfully influenced by PM2.5 at suburb of residence, nor by coincident 13 

public holidays. See S1: Supplementary material for presentation of crude and adjusted 14 

results. 15 

  16 
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Table 3: Associations between ambulance dispatches and heatwave events, Tasmania, Australia, 1 

2008-2019 (adjusted for PM2.5 and public holidays) 2 

 Heatwave type OR (95% CI) 

 Low-intensity Severe Extreme 

Whole study population 1.04 (1.02-1.06)*** 1.10 (1.05-1.15)*** 1.34 (1.18-1.52)*** 

Age    

≤5 1.06 (0.97-1.16) 1.36 (1.10-1.68)** 1.62 (0.93-2.82) 

≤15 1.05 (0.98-1.12) 1.14 (0.97-1.33) 1.33 (0.85-2.08) 

16-65 1.04 (1.01-1.07)** 1.07 (1.00-1.14)* 1.24 (1.03-1.49)* 

>65 1.04 (1.01-1.07)** 1.13 (1.05-1.22)*** 1.47 (1.21-1.78)*** 

Gender    

Male 1.05 (1.02-1.07)** 1.16 (1.09-1.24)*** 1.26 (1.05-1.52)* 

Female 1.04 (1.01-1.07)** 1.05 (0.98-1.12) 1.41 (1.19-1.68)*** 

Socio-economic status    

Low SEIFA 1.05 (1.03-1.08)*** 1.10 (1.04-1.17)*** 1.40 (1.18-1.65)*** 

Middle SEIFA 1.04 (1.00-1.08)* 1.09 (0.99-1.20) 1.30 (1.05-1.61)* 

High SEIFA 0.99 (0.93-1.06) 1.12 (0.94-1.32) 1.11 (0.67-1.82) 

Conditions     

Cardiovascular  1.05 (0.99-1.11) 0.99 (0.85-1.15) 1.42 (0.98-2.06) 

Respiratory 1.05 (0.97-1.13) 1.07 (0.87-1.30) 0.84 (0.46-1.53) 

Renal 1.08 (0.83-1.40) 0.63 (0.26-1.51) 1.20 (0.12-11.57) 

Diabetic 1.09 (0.92-1.29) 1.26 (0.85-1.85) 2.18 (0.73-6.52) 

Psychological 1.03 (0.95-1.11) 0.95 (0.77-1.17) 0.55 (0.26-1.16) 

Other heat-related 1.09 (1.02-1.17)* 1.43 (1.20-1.70)*** 0.98 (0.60-1.58) 

Direct heat 3.19 (2.06-4.95)*** 5.33 (2.73-10.41)*** 48.00 (6.24-369.18)*** 
*p<0.05; ** p<0.01; *** p<0.001 

 3 

 4 

 5 
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Figure 3: (a) Ambulance dispatches during heatwave events, Tasmania, Australia (2008-2019) using a 1 

numeric scale; and (b) Ambulance dispatches during heatwave events, Tasmania, Australia (2008-2 

2019) using a log scale  3 
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4. DISCUSSION 1 

Our study found a statistically significant increase in ambulance dispatches in Tasmania, for 2 

all levels of heatwaves across the whole study population, and with greater effect sizes 3 

observed in people over 65 years, children up to 5 years of age, and in dispatches from 4 

areas with greatest socio-economic disadvantage. Large increases in dispatches were 5 

observed for conditions related to direct exposure to heat and other heat-related 6 

conditions. Increases that did not reach statistical significance were observed for dispatches 7 

associated with cardiovascular conditions. 8 

Strengths of our study include the relatively long timeframe used (11 years, 2 months), 9 

enabling the inclusion of multiple heatwaves rather than a small number of individual 10 

heatwave events. The use of paramedic assessment data rather than ambulance call centre 11 

data provides greater clinical accuracy, as these assessments are based on personal history 12 

and clinical examination following standard diagnostic protocols. The use of reanalysis 13 

temperature data by suburb across Tasmania, rather than observational temperature data 14 

from the nearest weather station, provides a more accurate heatwave calculation for all 15 

areas of Tasmania, including those remote from automatic weather stations. The relatively 16 

dense network of air quality monitoring stations enable adjustment for PM2.5 which is 17 

known to influence ambulance utilisation in Tasmania (Edwards et al., 2018). 18 

Limitations include the relatively small population of Tasmania, and the proportion of cases 19 

where it was possible to assign a clinical diagnostic group. This created wide confidence 20 

intervals for some categories (for example, renal and direct heat cases) and limited the 21 

statistical power and scope for more detailed analyses of sub-groups (for example, those 22 

who are both elderly and living with respiratory or cardiovascular conditions), which may 23 

provide further benefits to targeting health interventions. Outcome misclassification is 24 

another limitation in ambulance datasets, as facilities for detailed diagnoses (such as x-rays 25 

or blood tests) are limited. However, such misclassification is unlikely to be associated with 26 

the exposure, and would therefor bias results towards the null. 27 

In this study, the indicator of socio-economic disadvantage was based on suburb of incident, 28 

rather than individual patient data. This has two limitations. The area level classification 29 

might not reflect that of an individual, and ambulance dispatches may not reflect the suburb 30 
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of residence of the individual. Furthermore, older, remote and socially disadvantaged 1 

groups are more likely to use ambulance transport to hospital rather than other means of 2 

transport (Svenson, 2000), therefore making this study less generalisable to the whole 3 

population who may use other means of transport to hospital or seek alternative forms of 4 

health care for similar conditions (for example, primary healthcare). 5 

Our study results are broadly consistent with similar studies conducted in Australia, 6 

especially Turner et al. (2013), who found increases in ambulance dispatches in Brisbane 7 

during heatwaves for the whole study population, for those over 65, and for those with 8 

cardiovascular and respiratory conditions. Other studies examining the association between 9 

ambulance dispatches and heatwaves conducted in Adelaide (Nitschke et al., 2011) and 10 

Sydney (Schaffer et al., 2012) show similar patterns to this study with increases in all-cause 11 

ambulance attendances during heatwave events of 16% and 14% respectively for specific 12 

heatwave events in those regions. 13 

Within Tasmania, this study is consistent with previous work showing a positive association 14 

between heatwaves and emergency department presentations (Campbell et al., 2019; 15 

Watson et al., 2020) and a positive association between maximum temperature and 16 

symptom reporting rates of asthma and hay fever (Jones et al., 2020), therefore adding 17 

further evidence regarding the local impact of extreme heat events while demonstrating the 18 

range of health impacts from extreme temperatures. 19 

More widely, international studies examining the association between ambulance 20 

dispatches and heatwaves demonstrate a general trend towards increased dispatches 21 

during heatwave events, with local variations concerning demographics and conditions. For 22 

example, Kue and Dyer (2013) found a significant overall increase in dispatches during 23 

heatwave-days in Boston, USA, however no change in the types of calls, except for direct 24 

heat-related conditions. Onozuka and Hagihara (2016) found a significant overall increase in 25 

all-cause attendances and respiratory disease, and a non-significant increase for 26 

cardiovascular disease in Japan. In China, Bai et al. (2014) found a greater impact for males, 27 

the elderly and children during selected heatwave events, although all age groups showed 28 

elevated risk. These variations in outcomes could reflect differences in population, health 29 

care accessibility or differences in study design. 30 
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With respect to other healthcare outcomes such as deaths and hospital admissions, our 1 

study follows a similar worldwide trend showing an association between heatwaves and 2 

poor health outcomes, especially for the young, the elderly and those with co-morbidities 3 

(Xiaofang et al., 2012; Xu et al., 2016). Consistency among these studies, which use different 4 

analysis methods and were conducted in different climates, demonstrate some coherence 5 

in the limited body of evidence concerning ambulance services, and increases the overall 6 

confidence in our findings. 7 

Locally targeted research such as this study strongly supports policy decisions regarding 8 

surge capacity planning for ambulance services in the immediate region. Heatwave events 9 

are forecast from three days prior to the event, allowing for achievable lead times for 10 

rostering and capacity changes. Furthermore, identification of high-risk groups allows for a 11 

targeted approach to health promotion messages around heat safety, with the aim of 12 

reducing incidences of heat illness and therefore ambulance attendances in heatwave 13 

events. 14 

Future research in this area could include an analysis of associations between GP 15 

attendances and heatwaves, and between heatwaves and mortality, giving a more complete 16 

understanding of how heatwaves impact health outcomes and health care systems in 17 

Tasmania. Furthermore, an economic analysis of this impact would be useful to understand 18 

the burden of climate-related extreme events on the health system in Tasmania. 19 

 20 

5. CONCLUSION 21 

Heatwaves create increased health service utilisation and pose a health risk to the 22 

Tasmanian population, with the elderly, the young and those most disadvantaged at 23 

greatest risk. With a warming climate, and heatwaves projected to be greater in frequency 24 

and intensity into the future, this burden is also likely to increase. This information is useful 25 

for ambulance services to prepare for surge capacity in future heatwaves events.  26 
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FIGURE CAPTIONS 1 

Figure 1: Map of Tasmania, Australia 2 

Figure 2: Number of heatwaves by major population centre, Tasmania, Australia (2008-3 

2019) 4 

Figure 3: (a) Ambulance dispatches during heatwave events, Tasmania, Australia (2008-5 

2019) using a numeric scale; and (b) Ambulance dispatches during heatwave events, 6 

Tasmania, Australia (2008-2019) using a log scale 7 

 8 

TABLE CAPTIONS 9 

Table 1: Characteristics of ambulance dispatches in Tasmania, Australia (Jan 2008-Feb 2019) 10 

Table 2: Characteristics of heatwaves by major population centre, Tasmania, Australia 11 

(2008-2019) 12 

Table 3: Associations between ambulance dispatches and heatwave events, Tasmania, 13 

Australia, 2008-2019 (adjusted for PM2.5 and public holidays) 14 

 15 

CONFLICTING INTEREST STATEMENT 16 

The authors declare they have no actual or potential conflicting interests. 17 

 18 

AUTHOR CONTRIBUTORSHIP STATEMENT 19 

Sharon Campbell: Conceptualization, Methodology, Formal analysis, Writing – original draft; 20 

Tom Remenyi: Software, Methodology, Writing – review and editing; Dean Rollins: 21 

Software, Methodology, Writing – review and editing; Grant Williamson: Software, Data 22 

curation, Writing – review and editing; Chris White: Conceptualization, Supervision, Writing 23 

– review and editing; Fay Johnston: Conceptualization, Validation, Supervision, Writing – 24 

review and editing 25 

 26 

ACKNOWLEDGEMENTS 27 

This work was supported by a Australian Postgraduate Award from the Menzies Institute for 28 

Medical Research (University of Tasmania) and the Antarctic Climate and Ecosystems 29 

Jo
urn

al 
Pre-

pro
of



Cooperative Research Centre. The funding source had no involvement in the study’s design, 1 

data collection, interpretation of data and writing of the article. 2 

Ambulance Tasmania provided ambulance dispatch data, with acknowledgement to Mr Alex 3 

Wilson for his assistance and expertise. Air quality data was provided by the Environment 4 

Protection Authority Tasmania, with acknowledgement to Dr John Innis for assistance and 5 

expertise. 6 

 7 

REFERENCES 8 

Australian Bureau of Statistics, Australian Statistical Geography Standard (ASGS): Volume 5 - 9 
Remoteness Structure. Vol. 1270.0.55.005. Commonwealth Government, Canberra, 2011. 10 

Australian Bureau of Statistics, 2016 Census. 2016a. 11 
Australian Bureau of Statistics, Australian Statistical Geography Standard (ASGS): Volume 3 - Non 12 

ABS Structures. Vol. 1270.0.55.003. Commonwealth Government, Canberra, 2016b. 13 
Australian Bureau of Statistics, 2071.0 - Census of Population and Housing: Reflecting Australia - 14 

Stories from the Census, 2016: Socio-economic advantage and disadvantage. 15 
Commonwealth Government, Canberra, Australia, 2018. 16 

Australian Bureau of Statistics, 3101.0 - Australian Demographic Statistics, Dec 2019. 17 
Commonwealth Government of Australia, Canberra, 2020. 18 

Bai, L., et al., 2014. The effects of summer temperature and heat waves on heat-related illness in a 19 
coastal city of China, 2011-2013. Environ Res. 132, 212-9. 20 

Basu, R., et al., 2005. Temperature and Mortality among the Elderly in the United States: A 21 
Comparison of Epidemiologic Methods. Epidemiology. 16, 58-66. 22 

Bureau of Meteorology, Heatwave Service for Australia. Commonwealth of Australia, 2019. 23 
Campbell, S., et al., 2018. Heatwave and health impact research: A global review. Health & Place. 53, 24 

210-218. 25 
Campbell, S. L., et al., 2019. The Value of Local Heatwave Impact Assessment: A Case-Crossover 26 

Analysis of Hospital Emergency Department Presentations in Tasmania, Australia. Int. J. 27 
Environ. Res. Public Health. 16, 3715. 28 

Codeminders, Cities with simlar climate. 2021. 29 
Dalip, J., et al., 2015. Can the elderly handle the heat? a retrospective case-control study of the 30 

impact of heat waves on older patients attending an inner city Australian emergency 31 
department. Asia-Pacific Journal of Public Health. 27, NP1837-NP1846. 32 

Department of Health, State of Public Health Report. Tasmanian Government, Hobart, Tasmania, 33 
2018. 34 

Edwards, L. J., et al., 2018. Did Fine Particulate Matter from the Summer 2016 Landscape Fires in 35 
Tasmania Increase Emergency Ambulance Dispatches? A Case Crossover Analysis. Fire. 1, 26. 36 

Han, J., et al., 2017. The impact of temperature extremes on mortality: a time-series study in Jinan, 37 
China. BMJ Open. 7, e014741. 38 

Jaakkola, J. J. K., 2003. Case-crossover design in air pollution epidemiology. European Respiratory 39 
Journal. 21, 81s-85s. 40 

Johnston, F. H., et al., 2019. Ambient Particulate Matter and Paramedic Assessments of Acute 41 
Diabetic, Cardiovascular, and Respiratory Conditions. Epidemiology. 30, 11-19. 42 

Jo
urn

al 
Pre-

pro
of



Jones, P., et al., 2021. Characterising non-linear associations between airborne pollen counts and 1 
respiratory symptoms from the AirRater smartphone app in Tasmania, Australia: A case time 2 
series approach. Environmental Research. 200. 3 

Jones, P. J., et al., 2020. Can smartphone data identify the local environmental drivers of respiratory 4 
disease? Environmental Research. 182, 109118. 5 

Kue, R. C., Dyer, K. S., 2013. The impact of heat waves on transport volumes in an urban emergency 6 
medical services system: a retrospective review. Prehospital & Disaster Medicine. 28, 610-7 
615. 8 

Maclure, M., 1991. The Case-Crossover Design: A Method for Studying Transient Effects on the Risk 9 
of Acute Events. American Journal of Epidemiology. 133, 144-153. 10 

Montel, M., Python-holidays. 2019. 11 
Mora, C., et al., 2017a. Twenty-Seven Ways a Heat Wave Can Kill You. Circulation: Cardiovascular 12 

Quality and Outcomes. 10, e004233. 13 
Mora, C., et al., 2017b. Global risk of deadly heat. Nature Climate Change. 7, 501-506. 14 
Nairn, J., Fawcett, R., 2015. The Excess Heat Factor: A Metric for Heatwave Intensity and Its Use in 15 

Classifying Heatwave Severity. International Journal of Environmental Research and Public 16 
Health. 12, 227-253. 17 

Nitschke, M., et al., 2011. Impact of two recent extreme heat episodes on morbidity and mortality in 18 
Adelaide, South Australia: a case-series analysis. Environmental Health. 10. 19 

Onozuka, D., Hagihara, A., 2016. Spatial and temporal variation in emergency transport during 20 
periods of extreme heat in Japan: A nationwide study. Sci Total Environ. 544, 220-9. 21 

Perkins, S. E., et al., 2012. Increasing frequency, intensity and duration of observed global heatwaves 22 
and warm spells. Geophysical Research Letters. 39, L20714. 23 

Schaffer, A., et al., 2012. Emergency department visits, ambulance calls, and mortality associated 24 
with an exceptional heat wave in Sydney, Australia, 2011: a time-series analysis. 25 
Environmental Health. 11. 26 

Su, C.-H., et al., 2019. BARRA v1.0: The Bureau of Meteorology Atmospheric high-resolution Regional 27 
Reanalysis for Australia. Geoscientific Model Development. 12, 2049-2068. 28 

Svenson, J. E., 2000. Patterns of use of emergency medical transport: a population-based study. Am J 29 
Emerg Med. 18, 130-4. 30 

Therneau, T., Lumley, T., Package ‘Survival’. 31 
Tong, S., et al., 2012. Assessing the short-term effects of heatwaves on mortality and morbidity in 32 

Brisbane, Australia: comparison of case-crossover and time series analyses. PLoS One. 7, 33 
e37500. 34 

Turner, L. R., et al., 2013. The effect of heat waves on ambulance attendances in Brisbane, Australia. 35 
Prehospital & Disaster Medicine. 28, 482-487. 36 

Wang, X. Y., et al., 2012. The impact of heatwaves on mortality and emergency hospital admissions 37 
from non-external causes in Brisbane, Australia. Occupational and Environmental Medicine. 38 
69, 163-169. 39 

Wang, X. Y., et al., 2015. The Impacts of Heatwaves on Mortality Differ with Different Study Periods: 40 
A Multi-City Time Series Investigation. PLoS One. 10, e0134233. 41 

Watson, K. E., et al., 2020. The impact of extreme heat events on hospital admissions to the Royal 42 
Hobart Hospital. J Public Health (Oxf). 42, 333-339. 43 

White, C., et al., 2016 Tasmanian State Natural Disaster Risk Assessment. University of Tasmania, 44 
2016. 45 

Williams, S., et al., 2012. The impact of summer temperatures and heatwaves on mortality and 46 
morbidity in Perth, Australia 1994-2008. Environ Int. 40, 33-8. 47 

Xiao, J., et al., 2017. Variation in Population Vulnerability to Heat Wave in Western Australia. Front 48 
Public Health. 5, 64. 49 

Xiaofang, Y., et al., 2012. Ambient Temperature and Morbidity: A Review of Epidemiological 50 
Evidence. Environmental Health Perspectives. 120, 19-28. 51 

Jo
urn

al 
Pre-

pro
of



Xu, Z., et al., 2016. Impact of heatwave on mortality under different heatwave definitions: A 1 
systematic review and meta-analysis. Environment International. 89-90, 193-203. 2 

Yin, Q., Wang, J. F., 2017. The association between consecutive days' heat wave and cardiovascular 3 
disease mortality in Beijing, China. Bmc Public Health. 17. 4 

Zeileis, A., et al., S3 Infrastructure for Regular and Irregular Time Series (Z's Ordered Observations). 5 
2019. 6 

Zhang, A., et al., 2019. Impact of heatwaves on daily outpatient visits of respiratory disease: A time-7 
stratified case-crossover study. Environmental Research. 169, 196-205. 8 

 9 

Jo
urn

al 
Pre-

pro
of



Declaration of interests 
 

☒ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
 

☐The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests:  
 

 

 

 
 

 

Jo
urn

al 
Pre-

pro
of




