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Summary

Background—Extreme heat exposure can lead to premature death. Climate change is expected 

to increase the frequency, intensity, and duration of extreme heat events, resulting in many 

additional heat-related deaths globally, as well as changing the nature of extreme cold events. 

At the same time, vulnerability to extreme heat has decreased over time, probably due to a 

combination of physiological, behavioural, infrastructural, and technological adaptations. We 

aimed to account for these changes in vulnerability and avoid overstated projections for 
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temperature-related mortality. We used the historical observed decrease in vulnerability to improve 

future mortality estimates.

Methods—We used historical mortality and temperature data from 208 US cities to quantify how 

observed changes in vulnerability from 1973 to 2013 affected projections of temperature-related 

mortality under various climate scenarios. We used geographically structured meta-regression to 

characterise the relationship between temperature and mortality for these urban populations over 

the specified time period. We then used the fitted relationships to project mortality under future 

climate conditions.

Findings—Between Oct 26, 2018, and March 9, 2020, we established that differences in 

vulnerability to temperature were geographically structured. Vulnerability decreased over time 

in most areas. US mortalities projected from a 2°C increase in mean temperature decreased by 

more than 97% when using 2003–13 data compared with 1973–82 data. However, these benefits 

declined with increasing temperatures, with a 6°C increase showing only an 84% decline in 

projected mortality based on 2003–13 data.

Interpretation—Even after accounting for adaptation, the projected effects of climate change on 

premature mortality constitute a substantial public health risk. Our work suggests large increases 

in temperature will require additional mitigation to avoid excess mortality from heat events, even 

in areas with high air conditioning coverage in place.

Introduction

Extreme temperatures can overwhelm the body’s ability to regulate its internal temperature, 

increasing the frequency and severity of acute and chronic health effects, including 

mortality.1–4 Climate change is causing an increase in the frequency of extreme heat events, 

reducing the frequency of extreme cold events, increasing mean temperature, and increasing 

temperature variability.5–7 Estimates of the net effect of climate change on temperature 

related mortality yield large numbers globally using multiple methodologies.3,8–10

Studies finding a relationship between changes in all-cause mortality to temperature 

have found that vulnerability varies over space and time, and can be mitigated through 

physiological acclimatisation, increased air-conditioning availability, or social programmes 

such as cooling centres, which provide air-conditioned spaces for those in need, as well 

as outreach to and monitoring of individuals who are vulnerable to extreme heat.3 A 

better understanding of the role of geographical and temporal adaptation trends (adaptation 

being defined here as a reduction in the response to temperature from earlier time periods 

to later ones; this operational definition makes no assumptions about mechanisms) will 

improve estimates of future temperature-attributable mortality. However, few attempts have 

been made to incorporate adaptation in projections of temperature-attributable human 

health outcomes in possible future climates. The analogue city approach replaces one 

city’s vulnerability profile with the profile from a second city whose temperature matches 

the projected temperature from the first city.11,12 Alternatively, projections can be made 

assuming temperature thresholds used in the mortality functions will increase over time 

at some rate less than or equal to the rate of warming.13–15 Petkova and colleagues 

used historical trends in relative risks at each temperature threshold to project future 

Lay et al. Page 2

Lancet Planet Health. Author manuscript; available in PMC 2022 August 29.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



relative risks, with two possible future bounding conditions depending on optimistic or 

pessimistic projections of maximum adaptation.16 One study addressed future vulnerability 

by projecting the effect of increased air-conditioning prevalence.17 Approaches published 

since 2017 have applied more sophisticated techniques to control for lagged temperatures 

and seasonal variation in response curves, or incorporating economic factors in vulnerability 

estimates.16,18,19

In this Article, we applied multiple analytical approaches to use observed adaptation trends 

to project future effects of climate change on temperature-related mortality in the USA. Our 

approach assumes that the observed reductions in vulnerability to extreme temperatures over 

time are a proxy for adaptation, without necessarily identifying the adaptive mechanism. 

We analysed effects at mean levels of US warming from 1–6°C, in 1°C increments, for 208 

cities clustered into nine regions.

Methods

Study design and response curve development

We related historical mortality to temperature with data from 208 cities (appendix pp 3–4) 

located in the contiguous United States aligned with the work of Nordio and colleagues.2 

We obtained death certificates from the US Centers for Disease Control and Prevention’s 

National Center for Health Statistics from 1973–2006 (appendix pp 3–4). To extend these 

data, death records from 2006 to 2013 were acquired from individual state departments of 

public health; missing data thus occur more commonly for the latest time period (2003–13), 

but cities were included for every year possible (appendix pp 3–5). After assembling data 

from these sources, we aggregated the death certificates into daily counts of deaths from 

all-natural causes for all counties associated with each of the 208 cities.

These cities were grouped into nine clusters, adapted from cluster analyses by Nordio 

and colleagues and Schwartz and colleagues, based on the similarity of their climates 

(figure 1).2,20 As projected temperatures were available as minimum and maximum 

daily temperature, we defined temperature as the mean of the daily minimum and 

maximum temperature values from the bias-corrected and downscaled hydrometeorological 

dataset.21,22 We selected gridded points within the urban areas for each city, and calculated 

the mean daily minimum and maximum temperature values over those points to provide a 

single value for mean temperature on each day in each city in the historical time period. We 

then fit historical exposure response functions (ERFs) for each city relating the daily death 

counts with the constructed mean daily temperature measure.

To quantify adaptation trends, we fit ERFs separately in four time periods (1973–82, 

1983–92, 1993–2002, and 2003–13). The regressions defining the ERFs included terms 

for both the daily (lag 0) and the 5-day moving average of daily mean temperature. The 

5-day moving average generally captures cold-related mortality, while lag 0 generally 

captures heat effects.2,18,23 However, because heatwaves over several days can also result in 

increased mortality, 5-day moving average was included as a predictor across the range of 

temperatures.
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We did this analysis in two stages to produce meta-smoothed spline coefficients for 

mortality due to lag 0 (βt0) and 5-day moving average (βt5) temperatures for each cluster 

in each of the four time periods. We did cluster-based analysis and adjustment to account 

for different exposure histories and trends that might have moderated historical relationships 

between mortality and temperature (appendix p 2).

Identifying adaptation predictors of dose-response changes

To identify and describe mechanisms of adaptation, and to incorporate adaptation into 

projections of climate-related mortality, we first did meta-regressions to identify possible 

predictors. We also ran projections based on each of the historical periods for 1°C to 6°C 

increase from the 1986–2005 baseline period. We related these projections to the proposed 

predictors.

To examine which factors could potentially modify the mortality-temperature association 

and result in adaptation, we also undertook meta-regressions for the fitted lag 0 and 5-day 

moving average terms for each cluster to establish whether city-specific characteristics could 

explain some of the temporal and spatial differences in exposure-response functions. These 

meta-regressions included terms for air-conditioning coverage, winter and summer mean 

temperatures, total population in a relevant year for each time period (1970, 1980, 1990, and 

2000), and population aged 65 years or older.2 We normalised population and demographic 

values to the mean values for each cluster. We obtained data for the total city population and 

calculated the percentage of people aged 65 years or older using data from the US Census 

Bureau. We estimated the percentage of households in each city with central air conditioning 

using data from the American Housing Survey of the US Census Bureau. We calculated the 

mean and variance of the daily warm season (May to October) temperature for each city 

using previously published data.21,22 We compared models to identify the predictors most 

important for explaining the ERF in each cluster,24 using measures of heterogeneity among 

cities within clusters (Cochran’s Q and I2) along with the Akaike Information Criterion and 

Bayesian Information Criterion.

Projections of temperature-related mortality

We projected future temperature-related mortality using downscaled and bias-corrected 

Localised Constructed Analog datasets for Representative Concentration Pathway 8.5 for 

six global climate models chosen for concordance with previous studies and to encompass 

a broad range of warming scenarios.25–28 For each model, we selected time periods with 

projections averaging a 1–6°C change from the 1986–2005 baseline period (appendix p 9). 

The baseline period was selected for consistency with other climate impact studies published 

since 2017.22,29,30 We calculated the mean of the projected daily minimum and maximum 

temperatures for all urban points within each city to produce daily mean temperature values.

We used the cluster-specific meta-smoothed spline coefficients (βt0 and βt5) from each 

time period to calculate relative risk, attributable risk (AR), and attributable mortality 

(AN) in the future.16 AN is calculated as the AR of mortality due to temperature on a 

given day, multiplied by the mean day-of-year mortality over the last time period from 

the historical dataset.18 We calculated ARt0 to ARt5 and AN for each projected mean 
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daily temperature in 11-year periods around the central year for each climate model at 

a given temperature change in US temperature (Δ°C, appendix p 9). We did the same 

calculations for temperatures in the fourth time period (2003–13) to produce a hindcast 

mortality estimate based on day and year of the temperature:

ARt0 = 1 − e−βt0 bs Tlag0, 2 1

ARt5 = 1 − e−βt5 bs TMA15, 2 2

ANhindcast = ARt0 × Mdoy + ARt5 × Mdoy hindcast 3

ANprojected = ARt0 × Mdoy + ARt5 × Mdoy projected 4

ANΔ°C = 6 = ANprojected − ANhindcast 5

The hindcast modelled mortality for the 2003–13 time period through the same method used 

to project future mortality.

For consistency across cities and alignment with the previous analysis by Nordio and 

colleagues,2 the splines were centred at 15·6°C during the model fitting and meta-smoothing 

stages, and the resulting AR and AN were relative to this temperature. To calculate the 

change in mortality due to the projected Δ°C, we subtracted the mean hindcast day-of-year 

AN from the projected day-of-year AN for each city and model (equations 4–5). For 

mapping and estimation, we produced projections using the fitted spline for the final time 

period. To examine the effects of adaptation over time, we also produced projections using 

the fitted splines for each of the other historical time periods. We corrected all projections 

using the hindcast from the final time period to allow comparison.

Role of the funding source

The funder of the study had no role in data collection or in performing the data analysis. 

MCS, a member of the funding agency, participated in analysis, design, and manuscript 

development, and the funding agency reviewed the manuscript for accuracy and clarity 

before submission for publication.

Results

Between Oct 26, 2018, and March 9, 2020, we established that differences in vulnerability 

to temperature were geographically structured. Fitted ERF for the daily mean temperature 

(lag 0) and the 5-day moving average differed among time periods and geographical clusters 

in the historical data (figures 1, 2). Most clusters showed evidence of adaptation over time, 

especially relative to the earliest periods. For example, in cluster 1, the increase in mortality 

due to temperature in 1973–82 is much higher than the response to temperature in 2003–
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13 (figure 3, appendix p 12). Generally, the lag 0 ERFs are largest at high temperatures, 

whereas the 5-day moving average ERFs are largest at the cold extremes. The summed ERF 

is then high at either extreme, except for the southeast central region in which the lag 0 ERF 

plateaus at the highest temperatures.

Regarding meta-regression, overall no set of predictors explained adaptation entirely across 

clusters. Unlike the work by Nordio and colleagues,2 we fit ERFs separately for each 

geographical region. Because the resulting functions had differing numbers of knots, these 

ERFs could not be simply included in an overall meta-regression. Heterogeneity among 

cities within each cluster, as indicated by Cochran’s Q and I2, were often reduced by the 

addition of predictor variables, particularly air conditioning and seasonal mean temperatures 

(appendix p 9). However, the small number of cities included in each individual cluster 

analysis, the low variation in some of the predictors within clusters, and tight correlations 

among some predictor variables resulted in unstable predictions. Because this analysis did 

not result in clear predictors that could be easily used to estimate ERF under maximum 

adaptation for each cluster in the future, we also used the fourth time period fit for each 

cluster as an approximation of projected mortality under a high-adaptation scenario, even 

without identifying the precise predictors of adaptation.

We projected mortality by degree Celsius of warming using the fitted ERF for each time 

period and cluster. A reduction in vulnerability to temperature was evident from 1973 to 

2013 (table, figures 3, 4, appendix p 14), with the greatest decrease in vulnerability occuring 

during the warmest months (July to September; figure 3) and in earlier time periods (table, 

appendix p 14). The effect of heat on increasing mortality is greatly reduced in the 2003–13 

fitted dose-response relationship (figure 3, appendix p 14). The change in vulnerability over 

time leads to large differences in projected mortality under increasing mean temperature; for 

3°C scenarios, the reduction in projected mortality between ERF fit on 1973–82 data and 

2003–13 data is close to 23 000 deaths, if the population was held constant at 2010 levels in 

all 208 cities.

Cluster 4 has mortality reductions in all seasons. This result is due in part to the plateau in 

the lag 0 ERF at the high end of the temperature range: however, it is also consistent with the 

large uncertainties at the temperature extremes (figure 2). The overall pattern of mortality 

increase by cluster is the same at all temperature ranges, but at 6°C increase results in a 

doubling of temperature-attributable mortality in multiple clusters (appendix p 14).

In projections based on the 2003–13 ERF, year-round mortality is further offset by 

reductions in winter mortality in most clusters, as well as spring (March to June) and 

autumn (October to November) in some clusters (figure 3). The highest increases in summer 

mortality are seen in northeastern clusters 1 and 2; and in cluster 6, the northern gulf area 

(figure 3, 5).

Again, the within-cluster meta-regressions did not conclusively show that air conditioning 

affected the ERF shape (appendix p 9). However, if air-conditioning coverage was 

responsible for the reduction in summer heat-related mortality over previous time periods, 

additional reductions in vulnerability to summer heat-related mortality might be small, 
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particularly in the warmest regions (figure 4) where air conditioning is already nearly 

universally present in households. As expected, air-conditioning coverage in the historical 

time period did not affect projected differences for the winter AR (appendix p 15). 

Additionally, the size of the population aged 65 years or older does not appear to greatly 

increase the AN projections for summer mortality, although it might slightly increase winter 

mortality (appendix pp 16–17). For projections shown in figure 5, we relied on spline fits 

from the 2003–13 time period.

Discussion

Past estimates of the net effect of climate change on temperature-related mortality have 

yielded large numbers, both globally and in the USA; however, few of these studies 

accounted for actual and potential changes in vulnerability.1–3 We found that temperature 

extremes for both heat and cold increase mortality rates. Further, we identified evidence of 

adaptation to heat over a historical period from 1973 to 2013, and used this evidence to 

inform projections of mortality under future climate models.

Previous efforts to project future temperature-related health effects in a changing climate 

followed a typical health effect assessment methodology combining empirically based ERFs 

with future temperature projections and population estimates.2,3,8–10 A limitation of these 

studies was their ability to account for potential adaptation over time. Since 2017, studies 

have begun to address this limitation with approaches that account for ways in which 

historically observed trends in decreasing ERFs might change in the future, particularly 

through adaptive capacity.16,31 This study accounted for these changes up to 2013.

Consistent with previous studies, we identified reductions in heat-related mortality from 

1973 to 2013 in 208 US cities. We observed the largest reductions in heat-related mortality 

across time between the 1973–82 and the 1983–92 time periods (figure 2, appendix p 12), 

with lower but continued reductions between each subsequent time period. Trends appeared 

for most of the USA, but varied across the nine climate zones, with evidence suggesting 

in some regions, such as the northern gulf coast, that either adaptation measures have 

reached their limit or are being offset by increases in vulnerability (eg, due to an increasing 

proportion of the population being aged 65 years or older, appendix p 17). Although the 208 

cities in the analysis hold almost 60% of the total US population, these trends are likely to 

be different in smaller cities or rural areas.

Evidence is growing of reductions in vulnerability to heat-related mortality over time.1 

Various mechanisms for this adaptation have been proposed. Hondula and colleagues 

presented four groupings of adaptive behaviour, namely physiological, behavioural, 

infrastructural, and technological.32 Increased prevalence of air conditioning in hot regions 

and, over time, nationwide might explain both geographical and temporal adaptation trends 

of reduced population vulnerability to heat; however, evidence in support of this idea 

remains mixed.17 This study found that reductions in vulnerability to heat observed in 

the ERF for each cluster over time could not be entirely explained by available data 

for air conditioning, age, or changes in seasonal mean temperatures, which is similar to 

findings of previous authors.33 However, data for air conditioning use among some of the 
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populations at greatest risk for heat-related death (eg, older adults and individuals with 

low incomes) are not available; thus, we cannot draw firm conclusions about this factor. 

Past research has, however, shown that even with access to air conditioning, vulnerable 

populations might elect not to use it during extreme temperatures out of concern for the 

associated electrical bills.1,31,34 We did not examine the effects of poverty, living situation, 

or chronic disease on outcomes due to the insufficient data with which to make statistically 

significant conclusions; however, changes in populations experiencing such added stressors 

could greatly increase their vulnerability. Further study with focused datasets that link 

income and energy cost to air conditioning use would better address such issues. We also did 

not consider the effects of humidity or heatwave conditions other than those identified in the 

5-day moving average, which have been shown to affect heat-related mortality in multiple 

countries.35

The evidence for adaptive capacity has been based, in part, on current, well established 

geographical differences in ERFs related to prevailing climate. Specifically, heat related 

mortality effects are lower in the warmer southern regions of the USA than the more 

northern locations.3,36 This general difference might reflect a combination of physiological 

adaptation, changing behaviour patterns, and differences in infrastructure, including air 

conditioning, building design, and construction materials.1,31,32 Our findings suggest that 

decreased winter mortality in some regions could drive reductions in overall annual 

temperature-related mortality under the scenarios with the smallest mean increases in 

temperature (figure 3). This finding was particularly true in warmer areas, such as Florida, 

but was evident in colder areas such as the northeast as well. However, as in previous 

studies, we might have overestimated cold-related mortality by not completely controlling 

for other winter season contributors to mortality that could masquerade as cold-temperature 

effects, such as influenza and limited daylight hours. Cold extremes generally show more 

uncertainty in the temperature-mortality relationship than heat extremes (figure 2). This 

uncertainty could be due to confounding seasonal effects such as influenza, reduced daylight 

hours, and a longer temporal lag between a given cold event and related mortality.33,37 

Additionally, with further temperature increases, any reduction in mortality in the winter is 

more than exceeded by warm-weather mortality increases in most regions.

In general, as temperatures increase with climate change, we project that deaths due to 

heat are likely to outweigh decreases in cold-related mortality in most of the studied US 

locations. At increases of 4°C, national-level reductions in cold-related mortality were 

outweighed by increases in mortality due to heat. At increases of 6°C, we projected 

much larger increases in mortality in most regions. Cluster 4, the southeast central region 

of the country, had a central estimate ERF to temperature that was fairly flat at higher 

temperatures, and even trended slightly downward. This trend of flat or declining ERF at 

high temperatures resulted in projected decreases with increasing temperatures in cluster 4, 

although CIs around projections encompassed zero. In general, we expect the 5-day moving 

average term to flatten or trend back upward with temperature, and to contribute less to 

mortality at higher temperatures, which occurred for most clusters. The unusual curve fit 

in cluster 4 might have been caused by fitting the lag 0 term concurrently with the 5-day 

moving average term, without sufficiently accounting for differences in relationships that 

might occur with seasonal changes. Schwartz and colleagues fit each month separately, and 
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this approach, or an approach accounting for interactive effects of season, could clarify 

the relationship.20 By contrast, clusters 6 and 8 in the northern gulf of Mexico and the 

southernmost tips of Florida and Texas showed substantial increases in mortality due to heat 

at the hottest temperatures.

Uncertainty around the estimated ERFs at temperatures greater than those observed 

historically, or which have not been frequently observed in previous years, poses a challenge 

for accurate projections. Multiple strategies have been used, including assuming that the 

projected mortality rates are constant at temperatures higher than those used to determine 

the observed relationship of temperature and mortality.15 The approach we chose fixes the 

temperature response curve to a log-linear extension of the interior portion of the curve 

beyond the highest temperatures used in the historical analysis. This method has the benefit 

of identifying the last-observed portion of the trend, but does not resolve the issue of 

uncertainty. Additional data and an improved understanding of the predictors that might 

drive the fit of the curve, specifically close attention to demographics and living or working 

circumstances, are likely to improve future estimates. An additional strategy that might be 

useful for other studies would be to treat historical period as an additional variable. This 

strategy might improve power and reduce uncertainty in regions of the curve with more 

consistent temperature measurements over time.

Estimating both the anticipated risks of climate change and the degree to which communities 

can prepare for temperature increases to reduce the risk of mortality in their populations 

can inform public policy in multiple ways. As has been shown previously, we found that 

adaptation to climate change over time has occurred throughout the USA. Even so, increased 

mortality due to future warming temperatures is probable in many regions, particularly 

those areas where further adaptation might not be possible. In addition, if warming happens 

quickly, adaptation might not occur quickly enough to reduce vulnerability. This study 

highlights the potential for adaptation at the local level to minimise the effects of global 

change, as well as the fact that at higher levels of climate change there could be limits to 

further adaptation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We considered peer-reviewed primary and review articles focused on characterising 

effects of extreme temperatures on historical mortality, estimating mortality under future 

climate change, and evidence of adaptation to climate change in human populations. We 

relied on knowledge of the existing literature and databases and searched Google Scholar 

and PubMed. Search terms from database inception up until June 1, 2020, included 

“climate change”, “extreme temperatures”, “mortality”, “vulnerability”, “adaptation”, 

“climate adaptation”, “vulnerable populations”, “demographics”, “air conditioning”, 

“global climate model”, “heat-related mortality”, “cold-related mortality”, and “cooling 

centers”. All identified sources had English language versions, and literature included 

international studies. These sources could be biased towards researchers in North 

America and Europe, and towards findings that show evidence of adaptation and changes 

in mortality with extreme temperatures.

Added value of this study

Our study estimates mortality due to extreme temperatures under projected temperatures 

from six global climate models while accounting for changes in vulnerability to 

temperature over time. Previous studies have also found evidence of adaptation to climate 

change. Our study characterised this pattern based on newly available mortality data from 

2006 to 2013, and offered methods to characterise the limits of adaptation in addressing 

mortality due to extreme temperatures.

Implications of all the available evidence

This study provides evidence of reduction in vulnerability through adaptations such as 

improved public notification systems and cooling centres, which provide air conditioning 

to those in need. However, the results suggest that increased mortality due to climate 

change is probable in many regions, particularly in regions that have already enacted 

substantial changes to reduce mortality due to extreme temperatures. These findings have 

implications for public policy, highlighting the importance of both mitigation to reduce 

future warming and continued investment in adaptive measures, such as social outreach 

programmes, to reduce the impact of that warming.
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Figure 1: 
City locations by cluster
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Figure 2: Fitted exposure response functions for total relative risk, the sum of lag 0, and 5-day 
moving average terms
Data shown for all time periods by cluster with the 66% confidence interval around the 

exposure response function. The horizontal dotted line indicates a relative risk of 1.
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Figure 3: Change in attributable risk relative to hindcast at a change of 3°C in relation to seasons 
and historical time period used in fitting exposure response functions
Points represent the central estimate for each city, and whiskers represent the 66% CI around 

those estimates. Within each season, points are arranged from cluster 1 (left) to cluster 9 

(right). Winter was considered as December to February; spring was considered as March to 

June; summer was considered as July to September; and autumn was considered as October 

to November, as typical in the northern hemisphere.
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Figure 4: Projected change in attributable risk at 3°C for each cluster showing the estimated 
air-conditioning coverage and mean summer temperature for the historical period in which the 
exposure response functions were fitted
Point colour represents mean summer temperature (°C), with similar colours showing little 

change in mean temperature.
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Figure 5: Total change in mortality due to temperature increase (°C) compared with the hindcast 
attributable mortality
Temperature increases (°C) will be reached within the range of years listed in the appendix 

(p 9), depending on the global climate model referenced. The 1°C map is not shown because 

it overlaps with the period used for fitting for most of the global climate models.
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Table:

Change in mortality attributable to temperature based on the 2010 population for 208 cities in the USA

Attributable mortality projected minus hindcast 66% CI

2°C increase

1973–82 12 396 5923 to 18 549

1983–92 4727 859 to 8407

1993–2002 1550 −1417 to 4377

2003–13 299 −2438 to 3056

3°C increase

1973–82 24 378 14 476 to 33 796

1983–92 9760 3545 to 15 574

1993–2002 4222 −350 to 8582

2003–13 1590 −3025 to 6172

4°C increase

1973–82 38 489 23 901 to 53 219

1983–92 16 143 7640 to 24 563

1993–2002 8289 1756 to 14 625

2003–13 3767 −2948 to 10 455

5°C increase

1973–82 56 210 34 908 to 77 166

1983–92 24 666 12 156 to 37 199

1993–2002 14 134 4190 to 23 771

2003–13 7000 −2639 to 16 718

6°C increase

1973–82 90 025 69 093 to 111 695

1983–92 41 982 26 922 to 56 822

1993–2002 26 700 15 419 to 38 086

2003–13 14 610 1307 to 28 028

Mortality estimates are based on exposure response function for each of the four historical time periods. The greatest reductions in expected 
mortality due to temperature increase appear to have occurred between the 1970s and 1980s. See appendix p 14 for a graphical representation of the 
projections in this table.
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