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Temperature extremes impact mortality and 
morbidity differently
Carlos F. Gould1*, Sam Heft-Neal2, Alexandra K. Heaney1, Eran Bendavid3,4,  
Christopher W. Callahan5, Mathew V. Kiang6, Josh Graff Zivin7,8,9, Marshall Burke2,5,8

Increased temperature-related mortality is expected to significantly contribute to future economic damages from 
climate change, with declines in cold-related deaths outweighed by increases in heat-related deaths. While 
temperature-mortality relationships are well-documented, the effects of climate change on morbidity are less 
understood. Using data on emergency department (ED) visits, hospital admissions, mortality, and daily tempera-
tures across California from 2006 to 2017, we find distinct differences in the temperature-response functions of 
these health outcomes, influenced by age distribution and underlying causes of morbidity and mortality. These 
differential responses fundamentally shape the burden of future climate change: We project that while future 
warming will increase ED visits, mortality will decrease due to fewer cold extremes. These results underscore the 
need to quantify temperature-morbidity responses to fully understand and anticipate the health impacts of cli-
mate change and suggest that local declines in mortality due to warming can mask economically meaningful in-
creases in temperature-driven morbidity and health care utilization.

INTRODUCTION
A large body of research has established that exposure to extreme 
temperatures, both hot and cold, is a cause of substantial excess 
mortality in the United States and globally (1–7). The burden of 
human-induced warming on mortality is already detectable (8), and 
climate change is increasing the frequency and severity of health-
damaging heat (9–12). Recent estimates find that temperature-related 
mortality is projected to be the leading economic cost of climate 
change (5, 13–17).

While temperature-mortality relationships are increasingly well un-
derstood, the relationship between a warming climate and morbidity—
or the overall rate of disease and ill health in a society—remain 
much less well quantified. While by definition less severe than mor-
tality, morbidity is far more common and represents a massive soci-
etal burden. Health care spending in the United States on chronic 
disease alone is estimated to exceed $3 trillion annually and ac-
counts for nearly 18% of US gross domestic product (18). However, 
unlike mortality, where relatively comprehensive local-level data on 
outcomes is well recorded in public vital statistics data in many 
countries around the world, data on morbidity are much less com-
plete. Even in wealthy countries, comprehensive local-level panel 
data on key morbidity outcomes remain rare, especially for non-
elderly populations, inhibiting assessments of how these outcomes 
might be shaped by the environment.

There are a number of reasons why climate impacts on mortality—
which for all-cause mortality fairly consistently show a characteristic 
U-shaped relationship with temperature—might not provide an accu-
rate guide for morbidity impacts. First, deaths are disproportionately 

among older adults, who may have different underlying responses to 
environmental insults; illness and poor health are more evenly distrib-
uted across the population. Second, the “causes” of morbidity and 
mortality outcome often differ—many things make us sick that do not 
kill us—and these different causes could respond differentially to tem-
perature. Third, unlike mortality which is directly observed, morbidity 
is typically proxied by some measure of health care utilization such as 
emergency department (ED) visits or hospitalizations. These utiliza-
tion measures can be shaped by a number of factors, including indi-
vidual decisions about whether to seek care.

Existing work indicates that extreme temperatures can lead to 
subfatal, yet potentially still severe, health damages (19–27). How-
ever, this work remains mixed on whether morbidity responses to 
temperature differ from established U-shaped mortality responses 
and which populations and outcomes are most affected. To date, 
some studies using US data have not checked for nonlinear morbid-
ity responses (22), found roughly linear responses (20), or found 
nonlinear responses depending on the lag structure (24). However, 
many of these studies only examined adults 65 years and older (22–
24), who could plausibly have distinct responses to extreme tem-
peratures as compared to the remainder of the population. Studies 
in New England and in Japan that were able to assess morbidity and 
mortality impacts among the same populations found that morbid-
ity tended to show more muted increases, or even declines, in re-
sponse to cold extremes than mortality, but that both increased 
substantially at hot extremes (28–31).

Here, we seek to advance our understanding of the effects of tem-
perature on health by investigating the impact of daily temperature 
extremes on ED visits, hospitalizations, and mortalities using com-
prehensive, localized data from California, the most populous state 
in the United States. A substantial advantage of our setting is that we 
can observe the universe of mortalities and the near-universe of 
both ED visits and hospitalizations among the same population over 
the same time period and explore whether responses for these out-
comes differ when each is exposed to the same temperature. Our 
rich data also allow us to explore, for all ages, both all-cause and 
cause-specific responses to temperature.
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