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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 the Heat Index (Steadman 1984), used widely in the USA and Australia, 
and the Humidex (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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A more physiologically based approach by which heat stress is  evaluated 
includes those that are based on modeling the response in the human 
 thermoregulatory  system to ambient weather conditions. Rather than rely on 
proxy indicators, these methods aim to provide a direct assessment based on 
radiative fluxes to and from a typical human being. In the HeRATE system 
(Koppe and Jendritzky 2005), the thermal stress of ambient conditions is com-
bined with an evaluation of short-term adaptation in assessing the overall level 
of heat stress upon the average  individual. While thorough, the thermoregulatory 
system does require the most detailed array of meteorological conditions: in 
order to correctly model  radiative fluxes, detailed information on temperature, 
humidity, wind, and cloud type and cloud cover at  different levels must be 
assessed. The German HHWWS is the foremost advocate of the thermoregula-
tory system, and utilizes the HeRATE system as the foundation for its warning 
system structure (Koppe and Jendritzky 2005).

3.2 Considerations in Evaluating Thermal Stress

Regardless of which procedure above is utilized when devising a HHWWS, several 
key considerations must be made when correlating meteorological parameters with 
a human health response. Three of the most important considerations are the spatial 
variability, temporal variability, and persistence.

One of the primary considerations within the heat-health evaluation is that mete-
orological conditions in one location do not elicit the same response as they would 
in another location. There are a number of examples (e.g. Kalkstein et al. 2008; 
WHO, WMO, and UNEP, 1996) that depict significant differences in the heat/
health relationship on the regional or national scale. Those who are accustomed 
to warmer conditions generally have a higher threshold before becoming stressed; 
moreover, in regions where the heat is more persistent during the summertime, the 
mortality response is generally less than in locations where the heat is intermittent 
(Kalkstein and Davis 1989). These spatial relationships have also changed over 
time (Davis et al. 2003) as air conditioning has become more commonplace.

Though virtually all HHWWS base forecasts upon local conditions, thereby 
accounting for local variability in ambient conditions, fewer modify the  threshold 
values to account for local climatology. Many systems, such as the original US 
National Weather Service, lack regional definitions, and only more recently 
 incorporate them on a basic level (dividing the US into a “northern” and “ southern” 
region, with recommended threshold levels 5°F (3°C) different (NOAA 1995). The 
number of times different locations will exceed these thresholds varies greatly. 
The ICARO system in Portugal also utilizes a single threshold of 32°C (Paixao 
and Nogueira 2002). Most of the newer systems across Europe, including Italy 
(Michelozzi and Nogueira 2004), Spain (Ministero de Sanidad y Consumo 2005), 
the United Kingdom (Department of Health 2004), and France (Institute de Veille 
Sanitaire 2005), incorporate regionally defined thresholds (e.g. France, Fig. 3.2) that 
vary according to climatology.
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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. This intra-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 

Fig. 3.2 Minimum (left) and maximum (right) thresholds by division in France’s HHWWS 
(Institute de Veille Sanitaire 2005)
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activities in Philadelphia for summer, 2002 was over $100,000 (Kalkstein 2002). 
Other locales have no formal heat wave mitigation plan, such as Phoenix and New 
Orleans, USA. Although both cities have sophisticated heat/health warning systems 
in operation, these are much less effective in saving lives if they are not pared with 
the proper intervention procedures.

3.6 Effectiveness of Intervention Activities

One criticism of urban intervention programs is that they do not reach the most 
vulnerable segments of the population in time to help ameliorate negative health 
outcomes. Many locales disseminate “passive” heat avoidance advice, which often 
doesn’t reach the intended vulnerable targets, such as homeless and homebound 
people (Kovats and Ebi, 2006). Some communities, especially in Europe, have 
registers of vulnerable individuals, but many of these are developed voluntarily by 
relatives of high-risk people. Thus, intervention programs must include a vigorous 
dissemination program if they are to be successful.

There have been some evaluations to determine how effective heat intervention 
outreach has been. During the 2003 heat wave in Portugal, the mass media reached 
over 90% of the population. TV was the main source of dissemination, followed 
by radio and newspapers. Less than 5% consulted information on the internet. Less 
than 2% called the public health emergency line. In summary, it was concluded that 
the behavior of the people changed during the heat wave and the instructions were 
closely followed by a large segment of the population (Paixao 2004).

Results obtained from a recent US/Canada study on “getting the message out” 
were somewhat different (Sheridan 2006). Although there was clear recognition 
of deadly heat events by the general population, there was considerable confu-
sion involving how people should handle themselves during such an event. Most 
respondents knew that they should remain hydrated, but few knew that they should 
not overexert themselves. It appeared that people listened intently to the forecasts 
indicating dangerous heat, but blocked out the intervention procedures suggested 
by the local health departments. Additionally, in this study, few people actually 
modified their behavior or considered themselves highly vulnerable to the negative 
impacts of excessive heat.

Another issue that may lessen effectiveness in disseminating of heat intervention 
advice is potential confusion between heat and pollution warnings. In a Toronto 
and Phoenix evaluation, ozone alerts often coincided with heat events, and some 
 vulnerable individuals chose not to drive to cooling centers because of the  pollution 
alert (Sheridan, in press). Thus, people were deprived the benefit of a cooler sur-
rounding because the pollution alert suggested that driving be limited. One of 
the future challenges of heat warnings is to determine whether they should be 
 combined with  pollution warnings (not recommended by the authors), or whether 
they should remain separate. If the latter is chosen, it is important that the media 
does not send “mixed messages” to vulnerable segments of the population.
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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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