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Brisbane is the third largest city in Australia, located on the Brisbane

River, with its eastern suburbs by the shores of Moreton Bay. The

greater Brisbane region is on the coastal plain east of the Great

Dividing Range. The urban area is partially elevated by two large

hills reaching up to 300 meters (980 ft), Mount Coot-tha and Mount

Gravatt in the south. The city area covers 1,327 square kilometers,

and the population was 992,176 in 2006. Brisbane is situated near

the coast and has a subtropical climate. Summers are hot and wet,

and winters are mild and dry.

In Australia, exposure to extreme temperatures has become a great

public health concern over the past decade, largely because of

numerous studies linking daily temperatures with daily mortality.

Most previous studies were designed to examine temperature-re-

lated excess deaths or mortality risks. However, in previous analyses,

deaths occurring on the same day were combined and differences

in ages were ignored. Although some analyses stratified by several

age groups, they treated all deaths as equally important within age

groups.

To guide policy decision and resource allocation, it is desirable to

know the actual burden of temperature-related mortality. Years of life

lost is an indicator of premature mortality that accounts for the age at

which deaths occurred by giving greater weight to deaths at younger

ages. In comparison with mortality risk, years-of-life-lost is a more

informative measurement for quantifying premature mortality. In this

study, we conducted a time-series analysis to estimate years of life

lost associated with season and temperature in Brisbane, Australia.

We also projected future temperature-related years-of-life-lost under

different climate change scenarios (Huang et al., 2012).

Daily mortality data on nonexternal causes from 1996 to 2004 were

requested from the Office of Economic and Statistical Research of

the Queensland Treasury. All deaths were residents of Brisbane city.

These data included date of death, sex, and age. Years-of-life- lost

were estimated by matching each death by age and sex to the

Australian national life tables. The daily total years-of-life-lost were

made by summing the years-of-life-lost for all deaths on the same

day. Separate sums were made for men and women. The daily total

years-of-life-lost contains information on the number of deaths and

The Australia Bureau of Meteorology provided daily weather data. We

used daily values of maximum temperature, minimum temperature,

and relative humidity from the Archerfield station located near the

city center. Maximum and minimum temperatures were the highest

and lowest hourly measurements each day in degrees Celsius, with

the mean temperature as their average. When data were missing for

the Archerfield station (<2%), data from Brisbane Airport were used.

A regression model was used to estimate the association between

daily mean temperature and years-of-life-lost, with adjustments for

trend, season, day of the week, and daily humidity. To examine the

nonlinear and delayed effects of temperature, we used a distributed

lag nonlinear model. We plotted the mean and 95% confidence inter-

vals for the years-of-life-lost against month and temperature.

The relative risk of mortality associated with changes in seasonality

and temperature were estimated. We used the same independent

variables as the years-of-life-lost model but with a dependent vari-

able of the daily number of deaths, which we assumed followed a

Poisson distribution. These results were intended to show the dif-

ference between a standard analysis of mortality and the analysis of

years-of-life-lost.

According to the Intergovernmental Panel on Climate Change (IPCC),

evidence for future temperature changes in variability is sparse, and

the patterns of changes in extremes are shown in accordance with

a general warming. Therefore, we assumed that climate change will

cause increasing average temperatures but no change in variabil-

ity. We simulated future daily temperatures by adding 1–4°C to the

observed daily temperature data from 1996 to 2003. We used these

8 years as our baseline to reduce the influence of any unusual tem-

peratures from any one year and because these data are centered

on the year 2000. The increases of 1–4°C aimed to simulate daily

temperatures in 2046–2053, centered on the year 2050.

The projected temperature-related years-of-life-lost in 2050 were

calculated. The future health impacts were based on the nonlinear

relationships between temperature and years-of-life-lost, sepa-

rately for men and women. We assumed no human physiological

acclimatization to higher temperatures. We also assumed that the

population size, age structure, and life expectancy will remain con-

stant, allowing the differences in years-of-life-lost to be those due

to climate change. Estimates of the burden of heat-related mortal-

ity due to climate change can be somewhat offset by reductions in

cold-related mortality. We therefore divided our estimates into heat-

and cold-related years-of-life-lost.
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Population 2,065,996 (Australian Bureau of

(Metropolitan Region) Statistics Census, 2011a)

Area 15,826 km² (Australian Bureau of

(Metropolitan Region) Statistics Census, 2011b)

Income per capita US$54,420 (World Bank, 2017)

Climate zone Cfa – Temperate, without dry season,  

hot summer (Peel et al., 2007)

the characteristic of the deaths.

We show that, in Brisbane, daily mortality has a strong seasonal pat-

tern, with the highest numbers in winter (June–August) and lowest in

summer (December–February). When using daily mortality counts,

we observed a significant effect of season on mortality even after

adjusting for daily temperature and humidity. However, there was no

seasonal pattern in years-of-life-lost for both men and women. The

association between temperature and years-of-life-lost is U-shaped,

with increased years-of-life-lost for cold and hot temperatures. We

also found comparable results for mortality risks, particularly in terms

of the general U-shape and turning points (Case Study 10.4 Figure

1). Assuming a temperature increase more than 2°C but without any

level of adaptation, large increases in heat-related years-of-life- lost

are projected, and the increased heat-related years-of-life-lost will

not be offset by decreased cold-related years-of-life-lost. This study

highlights that public health adaptation to climate change is

necessary.
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Case Study 10.4 Figure 1 The effects of temperature on mortality risk and years-of-life-lost in Brisbane, Australia. The solid line shows the mean; gray areas

show the 95% confidence intervals. The relative risk of mortality is shown in a log scale. The fine lines show the observed daily mean temperatures. The reference

temperature is 23°C.
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