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watch warning systems (HHWWS), one of the key methods by which heat events
are forecast and their effects are mitigated. We begin by describing the details by
which thermal stress is evaluated in current HHWWS and the process by which
warning criteria are determined. We then discuss the real-time development of
HHWWS along with the “message delivery” to the public, heat mitigation strate-
gies, and checking the effectiveness of HHWWS.

3.1 The Evaluation of Thermal Stress

There is robust literature (Kovats and Koppe 2005) associating what is generally termed
“oppressive” heat with some negative health consequence. However, the means by
which “oppressive” is defined varies widely (Watts and Kalkstein 2004); accordingly, the
HHWWS that have been developed across the world in recent years have utilized a diver-
sity of methods. Each of these methods has their respective strengths and weaknesses.

The utilization of a temperature threshold is perhaps the simplest of all methods.
However, as outdoor temperature alone is significantly correlated with human
mortality during excessive heat events (EHES), temperature is considered by some to
be a fairly reliable indicator. Moreover, the sole utilization of temperature has a further
advantage in that it is the most commonly measured of all meteorological variables and
thus is available for more locations. A number of nations, including Spain (Ministero
de Sanidad y Consumo 2005), France (Pascal et al. 2006), the United Kingdom (UK
Department of Health 2005), and Portugal (Paixao and Nogueira 2002), utilize maxi-
mum and/or minimum temperature thresholds in determining heat stress (Fig. 3.1).

An extension of the temperature threshold is the utilization of an “apparent tem-
perature” that takes into account humidity (and wind speed in certain cases) as well
as temperature. Several different formulations of the apparent temperature exist,
including theHear Index (Steadman 1984), used widely in the USA and Australia,
and theHumidex (Masterton and Richardson 1979), developed in Canada. These
indices are especially useful in locations where summer absolute humidity levels
can vary widely, hence their widespread use in North America. Thresholds can then
be developed as with temperature; the 40.6°C threshold of heat index across much
of the USA is a prime example (Watts and Kalkstein 2004).

Another method of assessing meteorological conditions for application to the
heat-health issue involves the classification of weather types, or air masses. The
philosophy behind this “synoptic” methodology is to classify an entire suite of
meteorological variables and thus holistically categorize the atmospheric situation
at a given moment for a particular location or region (Yarnal 1993). This categoriza-
tion when applied to heat is usually based upon surface weather variables, although
upper atmospheric variables may also be incorporated. By categorizing the atmos-
phere into one of several internally homogeneous groups, other factors, such as solar
radiation, wind speed, and cloud cover are inherently accounted for. For example, as
a building’s “heat load”, as expressed by solar radiation income, has been associated
with variability in human mortality, cloud cover or a some direct measure of solar
radiation can be an important inclusion (Koppe and Jendritzky 2005). In synoptic
approaches, discrete categories are created rather than a meteorological threshold
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The systems with the more elaborate methodology account for spatial variability
inherently. For example, HHWWS that utilize the Spatial Synoptic Classification in
the US, Canada, Italy, and China identify air masses whose definitions change across
space (as well as time), so the spatial component is included (Sheridan and Kalkstein
2004). Similarly, as the HERATE system evaluates heat stress on a local level, it too
defines localized thresholds (Koppe and Jendritzky 2005).

Below the regional scale, an issue of disparity in vulnerability between urban
and rural residents also needs to be addressed. In some cases, where thresholds
are divided based on regional units, this can be accounted for in the general spatial
variability (e.g. see Paris, France in Fig. 3.2). In other cases, where the jurisdiction
includes rural and urban areas (as is the case within many US forecast offices),
there is little differentiation, although at least one office, Wilmington, Ohio
(G. Tipton, 2006, personal communication) uses lower thresholds for urban areas
than rural areas, although some recent work (Sheridan and Dolney 2003) suggests
that differences in vulnerability from rural to urban areas are minimal.

Just as the heat-health relationship varies spatially, it also varies over the
course of the summer season. Thisa-seasonal acclimatization has been well
documented (WHO/WMO/UNEP 1996). Early season heat waves elicit a stronger
response than late season heat waves of identical character, as the local population
has had a chance to acclimatize to the warmer weather. Additionally, there is a
“mortality displacement” effect that is very apparent in many locales shortly after a
heat wave has ended; 20-40% of the mortality during an EHE would have occurred
shortly afterward had the event not occurred (WHO/WMO/UNEP 1996).

Despite its importance, relatively few systems account for intra-seasonal vari-
ability. Nearly all of the systems based on an apparent temperature or temperature
threshold do not modify this threshold over the course of the year. Several of
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Fig. 3.2 Minimum (left) and maximum rght) thresholds by division in France’s HHWWS
(Institute de Veille Sanitaire 2005)
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The rapid spread of quality HHWWS around the world is a very welcome devel-
opment, recognized by local and national weather and health officials as well as
the World Meteorological Organization and World Health Organization. The links,
from system development to public response, are becoming stronger as awareness
increases, but there is still considerable work to be done to minimize the vulner-
ability of the general population to the vagaries of heat.
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