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Climate Change and the Potential Impacts on Mortality from Heat:
Preliminary Findings for California and Selected Urban Areas

California’s increasingly urbanized population faces a significant and growing risk of
adverse health effects from extreme heat events associated with climate change. This
presentation will examine the impacts of climate change as projected by two global
climate models, forced by two difference emissions scenarios. Results suggest that
Californians may face far greater heat mortality risks than previously thought.

Many studies have established the connection between extreme heat and summer
excess mortality. Humans respond to a combination of climatic stressors (daily
temperature range and magnitude, humidity, solar load, air pollution, duration of extreme
heat, etc.). Also important are the seasonal timing and frequency of extreme heat
events. Of greatest concern are not just single hot days, but extended heat events that
occur early in the season (when acclimatization is incomplete, and the number of
susceptible individuals is greatest) with little temperature relief at night.

We assessed the potential impacts of increasing extreme heat on the urban populations
of five cities (Los Angeles, Sacramento, Fresno, San Francisco, and Riverside) using
climate projections developed using two climate models (NCAR’s low-sensitivity Parallel
Climate Model (PCM) and the UK Met Office’s medium-sensitive HadCM3 model) and
two emissions scenarios (the higher (Alfi) and lower (B1) SRES emissions scenarios).
For city-specific analyses, global model results were statistically downscaled to
individual stations. Statewide analyses used global model outputs.

Future risk of heat-related mortality was assessed in a general sense by examining
changes in the frequency and intensity of heat waves, duration of heat waves, the length
of the heat wave season, and the time of the first heat wave per year. All indicators point
to a growing risk of heat-related mortality, with climate change under the highest
emissions scenario posing a significantly greater risk than less severe future climate.

City-specific mortality estimates were then developed for the periods 1989-1998 (the
reference period), 2045-2054, and 2090-2099, using procedures that calculate apparent
temperature thresholds beyond which mortality tends to markedly increase. Apparent
temperature is a heat index that combines temperature, relative humidity, and wind
speed. More complex approaches — such as air mass-based synoptic approaches —
were attempted but encountered methodological and data challenges that could not be
solved at this time.

We calculated mortality results with and without acclimatization. Human physiology,
behavior, and environment are adaptable to a certain degree. To reflect this
acclimatization in mortality estimates, various approaches have been adopted, including
comparisons with analogue cities or regions (i.e., places where temperature or climatic
conditions at present are similar to those expected in the future for the target city). The
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analogue-city approach suffers from the fact that the target and analogue city most likely
differ in demographic make-up and physical structure. To remedy this shortfall, a new
approach was developed for this study, in which analogue summers in the same city
were used to obtain insights in the acclimatization potential.

Demographic changes, and societal decisions affecting adaptation, such as urban
design, and changes in the health care sector will determine the actual mortality rates.
Significant efforts will have to be undertaken to provide effective early warning systems,
public education, air conditioning and “cooling centers” (especially to the elderly,
children, the poor, and already-ill)', and other adaptation options to avoid major
increases in the number of heat-related deaths in California. The urgency for such
measures only grows in light of expected population increases and demographic shifts.

The study offers valuable insights for heat-mortality studies more generally:

1. More recent GCM runs project far greater temperature increases than previously
suggested. This raises the specter of more severe human health impacts from
heat than previously thought.

2. Regional GCM projections (downscaled or not) give insights into numerous
variables that are of great significance to human health. Temperature extremes
are but one of several telling indicators of future health risk.

3. Downscaled results suggest interesting regional differences, only some of which
we're fully able to explain at this time. Societal factors contribute significantly to
some of the less-than-obvious differences.

4. There is ample room for future resolution of various data and methodological
challenges that currently limit a more comprehensive approach to human health
risk assessments under climate change.
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