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ABSTRACT
The July 1999 heat wave in the Midwest was an event of relatively long duration punctuated by extreme conditions
during its last 2 days. The intensity of the heat wave on 29 and 30 July rivaled that of the 1995 heat wave that killed more
than 1000 people in the central United States. In 1999, however, the death toll was about one-fourth of this amount in
the same region. The 1999 heat wave 2-day maximum apparent temperature was slightly less than during the 1995 heat
wave at most Midwestern first-order stations. In addition, the 2-day peak was preceded by several hot days that allowed
some short-term acclimatization to occur prior to the intense final days. In Chicago, conditions during the peak of the
1999 heat wave were very similar to those during the 1995 heat wave peak, especially the extreme nocturnal conditions
of temperatures and humidity. Therefore, it seems unlikely that the reduction in the heat wave death toll in Chicago from
about 700 in 1995 to 114 in 1999 is due solely to meteorological differences between the two heat waves. In St. Louis,
the 1999 heat wave was intense for a much longer duration than the 1995 heat wave, thus partially explaining the increase in heat-related deaths there from the 1995 event to the 1999 event.
An examination of heat wave response efforts in both Chicago and St. Louis leads to the conclusion that both cities
were quite effective at mitigating their respective heat wave mortality rates, which in the 1999 event were almost exactly the same in both metropolitan areas. This represents a great improvement for the city of Chicago compared to the
1995 heat wave. Suggestions are made for further improving municipal heat wave response efforts based on the 1999
experience.

1 • Introduction
A prolonged period of very warm and humid conditions developed in the central and eastern United
States during the second half of July 1999. Conditions
became particularly extreme at the end of the period
on 29 and 30 July, when peak heat and humidity levels were endured. Approximately 309 fatalities in 21
states were classified as "heat-related deaths" during
and shortly after the heat wave, with most deaths,
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about 258, occurring in the Midwest.1 These statistics
are from reports compiled by the Associated Press
(1999a) for most states, Rackers (2000) for Missouri,
and the Centers for Disease Control and Prevention
(2000) for Ohio. The states of Illinois and Missouri
were especially hard hit by this heat wave. The Cook
County Coroner (1999) reported 110 heat-related
deaths in Chicago and its within-county suburbs, and
the St. Louis City Health Department (1999) reported
36-heat related deaths. In comparison with the famous
mid-July 1995 heat wave in the Midwest (Changnon
et al. 1996), the 1999 heat wave death toll in Chicago,
Illinois, was reduced by more than 80%, while the St.
Louis, Missouri, toll was increased over that in 1995.
'For the purposes of this paper, the Midwest consists of Illinois,
Indiana, Iowa, Kentucky, Michigan, Minnesota, Missouri, Ohio,
and Wisconsin.
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The impacts of the 1999 heat wave were quite severe, but not as severe as the impacts of the 1995 heat
wave in the central and northern Midwest. There are
two factors that may explain this difference: the physical nature of the heat wave event, and the preparedness and responsiveness of municipalities to the
unfolding events. In this paper, both aspects will be
examined. The intensity and duration of the physical
conditions of extreme heat and humidity during the
1999 heat wave will be compared with the 1995 heat
wave and placed in the context of climatology. The
impacts of the 1999 heat wave on the central United
States will be discussed, with a special focus on the
cities of Chicago and St. Louis, where the most fatalities occurred. These results will then be analyzed to
determine if lessons learned from the 1995 heat wave
resulted in a more effective response to the 1999 heat
wave, and whether there are further lessons to be drawn
from the recent event.

2. The heat wave of 1999
a. Temporal evolution
The meteorological events of July 1999 were analyzed based on daily maximum and minimum temperatures from the National Weather Service (NWS)
cooperative network and on hourly air temperatures
and dewpoints from NWS first-order stations. The last
15 days of July averaged 3° to 6°C above normal
throughout the central and southern Midwest. Within
this period, most of Missouri, Kentucky, Iowa, Illinois,
Indiana, and Ohio experienced 10 or more days with
maximum temperatures above 32°C. The temporal
evolution of the heat wave was somewhat different in
the northern part of this region than in the southern portion. The cities of Chicago and St. Louis will be used
to illustrate the temporal history of the heat wave in
these areas. For the purposes of this comparison, it
should be noted that the 1961-90 average maximum
and minimum temperatures for St. Louis are both 3°C
above those of Chicago during the last two weeks of
July.
The hourly temperatures during 19-31 July for
Chicago (Fig. la) and St. Louis (Fig. lb) both indicate
the existence of a two-part heat wave event. However,
in Chicago, the first warm period consisted of only
5 days (22-26 July) with maxima more than 3°C above
normal and minima greater than 4°C above normal,
while St. Louis experienced 8 days (19-26 July) that
met the same criteria. A cold front passed through the
1354

Midwest on 26 and 27 July, accompanied by moderate rains in the northern portions of the region.
Missouri did not receive appreciable rain in this event,
but the cooler air mass did reach St. Louis. Unfortunately,
these more temperate days gave way on 29 and 30 July
to the most extreme temperatures of the heat wave in
both cities (Figs, la and lb). An upper-level ridge and
surface high moved over the area; as hot air was advected northward, it was heated additionally by subsidence. Most of the fatalities of the heat wave
occurred on or shortly after these 2 days.
One of the most important compounding factors
during the July 1999 sequence of heat wave days was
the pattern of precipitation during the cooler period of
26 to 28 July. While Chicago itself received little rain
with the frontal passage, areas to the immediate south
and west received 10-30 mm (Fig. 2). This precipitation pattern moistened soils upwind (southwest) of
Chicago, similar to the case of the 1995 heat wave
(Kunkel et al. 1996). Soil moisture amounts on 29 July
were measured at 100%-200% of normal in the top
6 in. of soil at several sites southwest of Chicago in
central Illinois (Illinois State Water Survey 1999).

FIG. 1. Hourly temperatures (°C) for the time period 19-31 Jul
1999: (a) Chicago O'Hare Airport, (b) St. Louis International Airport. The average daily maximum (solid horizontal line) and minimum (dashed horizontal line) temperatures are indicated for each
location. The "H" symbol identifies the heat wave days during
the period.
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FIG. 3. The 24-h running average temperature differences (°C)
between Midway Airport in the urban core of Chicago and Aurora Airport in the far western suburbs of Chicago, 19-31 Jul 1999.

FIG. 2. The 26-28 Jul precipitation totals (mm) at cooperative
observer stations in the Midwest. The hatched areas received more
than 15 mm of rain.

Actual evapotranspiration amounts on 29 and 30 July
were very high, given the combined measurements of
available soil moisture and potential evapotranspiration levels of about 7 mm day -1 observed by the Illinois Climate Network (operated by the Illinois State
Water Survey) in the same area. This local contribution of humidity to the air allowed this area of Illinois
and locations downwind, including Chicago, to sustain dewpoints greater than 25°C during the heat wave
peak, while dry soil areas in Missouri that did not receive rain from the frontal passage had dewpoints 3°5°C lower than in Chicago. Finally, solar radiation
levels of greater than 24 MJ m~2 day -1 (measured near
Chicago at DeKalb, Illinois, by the Illinois Climate
Network) promoted a maximum urban heat island effect. The difference between the 24-h running mean
temperatures at Midway Airport, within the urban core
of Chicago, and Aurora Airport, in the western suburbs (upwind), was greatly enhanced during the heat
wave for this reason (Fig. 3).
The time series of dewpoint temperatures in
Chicago shows that for 19 consecutive hours on the
evening of 29 July and morning of 30 July, dewpoint
temperatures were sustained above 26°C, reaching an
all-time record peak of 27.8°C just before midmorning
(Fig. 4a). The morning sounding from Lincoln in
central Illinois showed an extremely strong surface inversion trapping moisture below 95 kPa. A light southBulletin

of the American

Meteorological

Society

westerly wind prevailed at the surface, so there was
no temperature relief within Chicago from Lake
Michigan, while the moist air from central Illinois was
advected into the normally drier urban core. Heat index values along the shoreline stayed at 38°C or above
for 37 consecutive hours (National Weather Service—
Chicago 1999). Midway Airport reported maximum
heat index values of greater than 48°C on 29 and
30 July, respectively.

FIG. 4. Hourly dewpoints (°C) for the time period 19-31 Jul
1999: (a) Chicago O'Hare Airport, (b) St. Louis International
Airport.
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Since the cold frontal passage did not bring much
rain to areas west and southwest of St. Louis (Fig. 2),
moisture levels in the topsoil were unchanged from
their previously dry condition as modeled by the Midwestern Regional Climate Center (a drought had begun in Missouri by late June). Because of the lack of
a nearby surface moisture source in the upwind direction (southwest), the dewpoint temperatures in
St. Louis, while quite uncomfortable at 21° to 24°C,
did not reach excessively high levels during 29 and
30 July (Fig. 4b). Maximum heat index values reached
47.2°C on 29 July and 43.3°C on 30 July, but fell below 32°C during the evening of 29-30 July, thus providing some overnight relief to the local population.
Dry air aloft finally started mixing downward into
the trapped humid surface layer during the afternoon
of 30 July, causing a large decrease in dewpoints in
the central Midwest (see Chicago, Fig. 4a). However,
the downward mixing air caused air temperatures to
spike temporarily due to subsidence heating, with
Midway Airport reaching 40°C. This increase in temperature partially compensated for the drying of the
air and allowed the heat index to remain high through
the afternoon. An early evening rawinsonde profile
from Lincoln (central Illinois) showed that the atmosphere was completely mixed from the surface past the
85-kPa level; the observed lapse rate was dry adiabatic
in this interval. Conditions remained uncomfortably
warm through the evening. However, by the morning
of 31 July, a strong cold front began to move across
the Midwest from northwest to southeast. Daily
maxima were kept below 32°C by clouds in advance
of the front, and then temperatures declined substantially after the frontal passage. Ironically, while the
cold frontal passage eliminated the dangerous heat
wave conditions and impacts, it spawned severe weather
in Wisconsin, Michigan, and Ohio that caused several
additional fatalities and widespread power outages.
b. Spatial patterns
A strong 50-kPa ridge dominated the central
United States during the later half of July 1999; it was
displaced only twice by transient waves. The 24-h
period of 30 July was the last full day of the heat wave,
but it was also the most intensely warm and humid day
in most of the Midwest. The ridge axis that day was
aligned with Illinois (Fig. 5). The geopotential height
anomalies were positive throughout the Midwest,
achieving a peak magnitude of 30 gpm above normal
near Chicago. This ridge feature was not as strong as
the one formed during the 1995 heat wave (Kunkel
1356

et al. 1996). In 1995, a closed midtropospheric high
at the 50-kPa level reached geopotential heights
50 gpm greater than the highest observed at that level
during the 1999 heat wave.
Averages of the 24 hourly values of air and
dewpoint temperatures at first- and second- order stations reveal a large portion of the Midwest was experiencing extreme heat and humidity on 30 July (Fig. 6).
Southern Iowa, Missouri, Illinois, Indiana, and
Kentucky formed the core of the area of high heat and
humidity, although adjacent states were also affected.
Many locations did not fall below 25°C in minimum
temperature (Fig. 6), and therefore received no relief
from the intense heat wave conditions during the
evening of 29-30 July. The upper Mississippi valley,
Illinois, and Indiana also sustained the highest
dewpoint temperatures at this time, with 24-h averages
in excess of 23°C (Fig. 7). Further compounding the
situation, most of the critically hot and humid region
was also sunny during 30 July, and experienced light
southwest breezes averaging less than 4 ms - 1 . The direct radiation impacts on the buildings were substantial, and the winds in the big cities were not sufficient
during most of the day to exchange urban air with rural air quickly enough to ameliorate urban heating.

3. Comparing the 1995 and 1999 heat
waves
The peak intensities of the heat waves of mid July
1995 and late July 1999 were experienced by approximately the same area in the Midwest. In order to ascertain the combined effects of heat and humidity,

FIG. 5. The 50-kPa geopotential heights (gpm) averaged for
30 Jul 1999 based on data from the NCEP-NCAR reanalysis
project.
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FIG. 6. The 30 Jul 1999 air temperatures (°C) derived from the
average of the 24 hourly air temperatures at each first- or secondorder station. The dots indicate the locations of cooperative observer stations with minimum temperatures at or above 2 5 ° C
during the evening of 2 9 - 3 0 Jul.

hourly values of apparent temperature (7 p ) were interpolated from Table 5 in Steadman (1979a), and then
adjusted for wind speed using Table 2 in Steadman
(1979b). These hourly observations were then combined to create daily time series of Tap. In addition,
historical analyses based on National Climatic Data
Center TD-3280 data were generated for stations in the
region with at least 35 years of data. These historical
T estimates provide a context for ranking the 1995
and 1999 events in comparison to heat waves occurring since the late 1940s (Kunkel et al. 1996). The
spatial patterns of the intensity and duration of the two
heat waves can then be compared. The time evolution
of the 1995 and 1999 Midwest heat waves at Chicago
and St. Louis will also be examined to better understand the differences in intensity and duration that were
observed.
For each station in the Midwest, daily apparent
temperatures were calculated from the 24 hourly values, and the 1 -day
Tap maxima were identified for the
J
time periods encompassing the July 1995 and July
1999 heat waves. This approach was utilized to best
characterize the true maxima pattern when the actual
day of maximum T varied as the spatial core of the
heat wave traversed the region. The peak intensity of
the 1995 heat wave (Fig. 8a) was stronger and more
spatially coherent than that of the 1999 heat wave
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(Fig. 8b). In 1995, southern Wisconsin, far eastern
Iowa and Missouri, and almost all of Illinois experienced a day with T averaging greater than 38°C. This
level of discomfort was reached only in the Chicago
area during 1999; most of the Midwest did not even
experience a maximum 1-day T p of 36°C during 1999.
The peak intensity pattern for the 1999 heat wave
(Fig. 8b) also illustrates the importance of the urban
heat island to the heat wave impacts (Buechley et al.
1972; Clarke 1972; Kalkstein and Davis 1989;
Kalkstein and Greene 1997). Most of the observations
of 1-day r p maxima greater than 36°C are at locations
where first-order weather stations are in or near cities.
Air temperatures in the regional air mass during the
1995 heat wave were several degrees warmer than
during the 1999 event, although the pattern of 1-day
maximum dewpoint temperatures was quite similar
between events (not shown). Therefore, in 1999, only
the urban heat islands reached air temperatures, and
thus 7 p , comparable to 1995. Conversely, in 1995,
even rural stations recorded 1-day
observations
J T
ap
greater than 38°C, due to the overall warmer air mass.
The intensity of a heat wave beyond normal conditions, the duration of a heat wave at this level, and
the abruptness of the heat wave onset combine to determine the impact felt by the human population
(Kalkstein 1995; Chestnut et al. 1998; Smoyer 1998).
The 1995 heat wave in the Midwest set many records
for a 2-day duration event, with stations from Nebraska

FIG. 7. The 30 Jul 1999 dewpoints (°C) derived from the average of the 24 hourly dewpoints at each first- or second-order station.
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nois did it make the top 10. Therefore, while the peak
intensity of the 1995 heat wave was record setting, the
duration was not long.
The 1999 heat wave, in contrast, had somewhat
different characteristics than the 1995 heat wave. The
2-day
maxima in the Midwest, like the 1-day
maxima, were slightly smaller in 1999 than during the
1995 event. However, many of the stations in the re-

FIG. 8. Single-day maximum apparent temperature (°C) during each heat wave period: (a) 10-15 Jul 1995, (b) 28 Jul—1 Aug
1999. The latter diagram is based on a larger number of stations captured in real time, while the former is limited to TD-3280 stations.

to Pennsylvania and from central Michigan to central
Missouri having the highest ranked 2-day T since the
late 1940s (Fig. 9a). Among the many locations ranked
highest were Chicago and St. Louis. However, a much
different result is found when looking at the 1995 heat
wave from the perspective of the longer time interval
characteristic of the 1999 heat wave, 12 days (Fig. 9b).
Nowhere did that event rank in the top 5 for a 12-day
T , and only in southern Wisconsin and northern Illi1358

FIG. 9. Pattern of ranks of the 1995 heat wave apparent temperatures in comparison to all other heat waves since the late
1940s: (a) 2-day heat wave period with the highest T , (b) 12-day
heat wave period with the highest !Tp. The smaller the number,
the higher the rank.
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gion still sustained one of the top 5 hottest 2-day periods on record. A corridor of stations from Chicago,
across northern and eastern Indiana, to southwest Ohio
and northern Kentucky experienced their highest or
second highest 2-day T conditions (Fig. 10a). The
2-day T p rankings are somewhat weaker but still reach
the top 10 in the western half of the Midwest, including a ranking of seventh highest in St. Louis. The

FIG. 11. Maximum hourly apparent temperature (°C) for each
day of the period 1-17 Jul 1995 (dashed line), compared to the
period 17 Jul-2 Aug 1999 (solid line): (a) Chicago O'Hare Airport, (b) St. Louis International Airport.

12-day
ranking map for 1999 (Fig. 10b) reveals a
pattern of top three rankings arcing through the Midwest from St. Louis and Omaha to Chicago, and then
southeastward to northern Kentucky. A very large and
contiguous area experienced a ranking in the top 10.
These are much higher rankings at this timescale than
occurred in 1995. Overall, the 1999 heat wave was
slightly less intense, but much longer lasting than the
1995 heat wave throughout the Midwest.
The time evolution of the maximum hourlyJ Tap

FIG. 10. Pattern of ranks of the 1999 heat wave apparent temperatures in comparison to all other heat waves since the late
1940s: (a) 2-day heat wave period with the highest 7 p , (b) 12-day
heat wave period with the highest 7 p . The smaller the number,
the higher the rank.
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observations for each day during the 1995 and 1999
heat waves in Chicago and St. Louis can be compared
by aligning the peaks of their time series. For both
locations, maximum hourly T for days 1 to 17 July
1995 are plotted parallel to days 17 July to 2 August
1999. In the Chicago case (Fig. 11a), the maximum
r p increased abruptly in 1995 from near-normal levels on 11 JulyJ to extreme Tap states above 45 °C on 13
and 14 July. The peak heat wave intensity was
achieved within a 2-day period also in 1999, 29 and
30 July. The 1999 heat wave, though, included considerably above normal maximum hourly T p levels for
the week prior to the peak, separated by a cooler fron1359
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tal passage. This pattern was even more notable in the
St. Louis case (Fig. 1 lb), where the first stage of the
1999 heat wave was longer and warmer than in
Chicago. Comparing the 1995 and 1999 events in
St. Louis reveals that the first stage of the 1999 heat
wave brought 10 days of conditions quite close in
maximum hourly T^ to the peak of the heat wave,
while in 1995 the maximum hourly T levels were
below normal or near normal for the time of year in
the 10 days prior to the peak. In both Chicago and
St. Louis, the onset of the 1995 heat wave was considerably more abrupt than the onset of the peak period at the end of the 1999 heat wave.
A spatial comparison of the evolution of each heat
wave can be made by examining the Chicago and
St. Louis maximum hourly 7 p time series during each
event. In the case of the 1995 heat wave, the pattern
of the intensity of the event in St. Louis was almost
exactly the same as the episode in Chicago, except
shifted 1 day earlier. In 1999, the pattern of intensity
was similar only in the highly intense final 2 days;
prior to this, St. Louis experienced considerably higher
7 p levels. The cold frontal passage did not provide as
much relief prior to the period of maximum intensity
in St. Louis as it did in Chicago. From an absolute climatic standpoint, the heat wave of 1995 was remarkably similar in Chicago and St. Louis, while the heat
wave in 1999 was slightly more extreme in St. Louis
than in Chicago. However, Chicago maximum temperatures are on average about 3°C less during July
than in St. Louis, so relative to climate normals, the
1995 heat wave was more anomalous in Chicago than
in St. Louis, and about as anomalous in 1999.

4. Impacts of the 1999 heat wave
This assessment of the impacts of the July 1999
heat wave focuses on the Midwest. Heat deaths
occurred in 21 states in the central and eastern United
States, but the great majority, 78%, happened in
Illinois, Missouri, Ohio, and Wisconsin. The greatest
economic impacts resulted from massive power
outages in the Chicago area. As in all weather-related
stress situations, there were some financial winners,
including companies that sold and repaired air
conditioners.

The nation experienced about 309 deaths, and 258 of
these occurred in the Midwest. The National Oceanic
and Atmospheric Administration (NOAA) and the
Federal Emergency Management Agency (FEMA)
estimate that about 175 people die each year of the
direct effects of heat in the United States (NOAA
1999), indicating the relative magnitude of the 1999
heat wave fatalities compared to an average year.
Although the definition of a "heat-related death" has
been clarified by the medical profession as a result of
the confusion surrounding this issue during the heat
wave of 1995 (Donoghue et al. 1997), there are still
disagreements about the number of fatalities reported.
Some reports list deaths just due to heatstroke, and
others include heat-stress deaths in which heat contributed to the death, although heart disease or some other
problems were also evident. For example, in Cook
County Illinois, which includes Chicago and some
nearby suburbs, there were 110 heat-related deaths, but
only 29 were due to heat stroke, with the rest due to
heat stress (Cook County Coroner 1999). Researchers
who estimate heat-related death totals by calculating
the difference in summer mortality between heat wave
and non-heat wave periods believe that a more accurate
estimate of average annual U.S. heat-related deaths is
more than 10 times the FEMA estimate of the annual
average (Kalkstein and Greene 1997). Direct counts
of heat-related fatalities are more accessible, and these
were utilized in assessing the 1999 heat wave impacts.
Figure 12 shows the geographic distribution of
heat-related fatalities during and in the week following the 1999 heat wave. These city and state totals were
derived from official publications (Cook County Coroner 1999; St. Louis City Health Department of 1999;
Rackers 2000; Centers for Disease Control and Prevention 2000), Associated Press wire reports, and
major regional newspapers. 2 As in past heat waves,
certain death-related themes were repeated in 1999.
The vast majority of deaths occurred in the large
metropolitan areas (Fig. 12). Urban area deaths included 114 in Chicago, 36 in St. Louis, 19 in Kansas
City, 18 in Cincinnati, and 10 in Milwaukee. These
urban losses represent more than 80% of the total fatalities in these four states. For example, 127 persons
died in Illinois, and 114 of these deaths were in the

2

a.

Fatalities
The most important impact from the heat wave
during 19-31 July 1999 was the loss of human life.
T360

These newspapers included the Chicago Tribune, Chicago SunTimes, Detroit News, Cincinnati Enquirer, St. Louis PostDispatch, Milwaukee Journal Sentinel, Kansas City Star, and
Champaign-Urbana News Gazette.
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FIG. 12. Fatalities ascribed to the late-July 1999 heat wave, by
state [Associated Press (1999a) for most states; Rackers (2000)
for Missouri; Centers for Disease Control and Prevention (2000)
for Ohio]. The boxed numbers represent subtotals related to the
cities of Chicago (Cook County Coroner 1999), St. Louis
(St. Louis City Health Department 1999), Kansas City {Kansas
City Star 1999), Cincinnati (Centers for Disease Control and Prevention 2000), and Milwaukee {Milwaukee Journal Sentinel
1999).

Chicago metropolitan area. The local distribution of
the 114 fatalities in the Chicago metropolitan area was
revealing of the role of urban heat island in heat wave
deaths: 93 were inside the city, 17 in suburban cities
immediately adjacent to Chicago (within Cook
County), and only 4 in the more distant suburbs (outside of Cook County).
An examination of the numbers of fatalities in
Chicago and St. Louis revealed unexpected similarity.
The estimated population of the Chicago metropolitan area in 1998 was 7 939 351 and that in the St. Louis
metropolitan area was 2 563 801 (U.S. Census Bureau
Data Table MA-98-2), 32% of the Chicago population.
Comparing the number of heat-related deaths in the
two metropolitan areas, 114 to 36, reveals the St. Louis
total was again 32% of the Chicago total. Therefore,
the total population mortality rates were essentially
identical in the two metropolitan areas during the 1999
heat wave, at approximately 1.4 per 100 000. It should
be noted that different mortality rates would result if
the deaths and population of only the core cities of
Chicago and St. Louis were utilized. In that case, the
mortality rate in St. Louis is more than 3 times that in
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Chicago (M. Wolf, 2000, personal communication).
However, the entire metropolitan area contributes to
the intensity of the urban heat island effects that are
critical in determining heat wave conditions, so we
will consider here only the metropolitan area statistics.
By either counting method, the mortality rate per unit
of population for the July 1995 heat wave was much
higher in Chicago, where almost 700 people suffered
heat-related deaths (Whitman et al. 1997), than in St.
Louis, where only about 27 heat-related deaths occurred (Smoyer 1997).
Most victims of the 1999 heat wave died during
30 July-2 August, with the peak of fatalities occurring
during the extreme conditions at the end of the heat
wave. Figure 13 shows the cumulative totals of heatrelated deaths over time during and after the event, as
reported by the Associated Press. Missouri experienced relatively more fatalities during the early (2628 July) stages of the heat wave than did Illinois. In
Illinois, 88 deaths were concentrated in the 4 days
beginning on 30 July, almost all in the Chicago metropolitan area. As was noted earlier, the first phase of
the heat wave in St. Louis was much more intense and
longer in duration than it was in Chicago. However,
the 2-day peak of the heat wave was more anomalous
in Chicago than in St. Louis, and the population was
probably less acclimated to heat stress without having had as warm an onset as in St. Louis. The deaths
reported after the heat wave ended were a result of lingering health impacts due to the recent heat stress and
some delays in discovering the fatalities and assigning a cause of death.
Another finding similar to past heat wave studies
(Changnon et al. 1996; Chestnut et al. 1998) was that

FIG. 13. Cumulative fatalities as they were reported daily by
the Associated Press during the period 26 Jul-7 Aug 1999 in Illinois and Missouri.
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most victims in the 1999 heat wave were elderly. As
shown in Table 1, 73 of the 110 Cook County deaths
were of persons aged 60 years or older. Likewise, the
average age of the persons who succumbed in St. Louis
was 74 (St. Louis City Health Department 1999). The
death statistics showed an almost equal division based
on sex, with slightly more men dying than women; in
Cook County 58 males died and 52 females. The age
distributions of the two sexes showed interesting differences; 70% of the female fatalities were aged 70 or older,
whereas only 38% of the male fatalities were 70 or older.
More than 70% of the Cook County and St. Louis
heat-related fatalities were found dead or dying in stilling hot apartments; many of these apartments had air
conditioning units, but the systems were not running.
In St. Louis, 16 of the 36 who died in that city were in
dwellings with inactive air conditioners, and 15 of the
36 never asked for external help. This was a commonly
reported situation in Chicago. There were also several
cases reported in Chicago of people who refused help
and were later found dead. It is likely that stress caused
during the heat wave contributed indirectly to a number of deaths in succeeding months throughout the
Midwest.
b. Electric power usage and problems
The multiday heat wave led to record-setting usage of electric power in several Midwestern cities,
including Chicago, St. Louis, Cincinnati, and Milwaukee. The most extensive troubles with Midwestern
power outages occurred in the Chicago area, serviced
by Commonwealth Edison (ComEd). Initially, outages

TABLE 1. The age distribution of heat-related deaths reported
in Cook County (Cook County Coroner 1999).
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Age categories

Deaths

1-39

0

40-49

14

50-59

23

60-69

17

70-79

27

80-89

25

90-99

4

were limited in scope, with most caused by underground transmission lines overheating and shorting
out, or superheated elevated power lines stretching and
sagging, touching trees and shorting to ground. The
electrical delivery system overall seemed to be
performing well during most of the heat wave.
Unfortunately, at the time of peak heat stress on the
electricity delivery system, 30 July, a major power
outage occurred on the city's north side. ComEd reported that the outage was caused by burned out transformers in two power substations; 72 000 residents lost
power (Chicago Tribune 1999c). An entire day was
needed to restore power to 30 000 residents, and some
10 000 customers went without power for 3 days (until 2 August). Ironically the main north side substation
that failed in 1999 also failed during the 1995 heat
wave, to similar devastating effect on electricity customers. The situation in 1999 caused huge financial
losses as businesses closed and refrigerator contents
spoiled, and major debates evolved as to who and what
was to blame. ComEd said the equipment failures that
caused both outages occurred because it had faithfully
tried to deliver full power to everyone throughout the heat
wave but the resulting excessive current flow had damaged components of its system (Chicago Tribune 1999d).
c. Other impacts
Buckling highways produced problems in Illinois
and Missouri. On July 26, three major highways in the
St. Louis area had severe buckling, leading to their
closure for several hours. Several highways buckled
in the Chicago metropolitan area on 30-31 July. Public
transportation was greatly impacted by the power outages and heat in Chicago. Late on 30 July several electric commuter trains were stopped during the afternoon
rush hour, stranding passengers for up to an hour in
stifling hot cars until they were rescued. In addition,
some trains were disabled. Several small communities
in Illinois and Missouri, generally with minimal well
systems, faced serious problems meeting water demand due to system capacity limits, and some actual
water shortages. Ozone alerts were common throughout Midwestern cities during the 1999 heat wave. Even
rural southeastern Michigan was under ozone warnings through the last half of July, due to the effects of
the heat and sunshine on the pollution plume from the
Chicago area.
d. Beneficial aspects
While there are almost always winners and losers
in any extreme meteorological event, winners were not
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numerous during the 1999 heat wave. Newspapers
reported that air conditioner sales were strong, and
repairs of AC systems peaked. Sales of ice and ice
cream set records in St. Louis and Cincinnati. Private
ambulance operators were busier than normal. Utilities
that did not have major equipment failures made major profits. In the Chicago metropolitan area, merchants at the lakeshore beaches cheered as all-time
attendance records were set at the height of the heat
wave. Finally, some newspapers reported that retail
activity was actually up slightly; people went to shopping malls, and movie theaters had above average attendance as people tried to escape the heat in air
conditioned facilities.

5. Mitigation responses to the 1999
heat wave
The 1999 heat wave in the Midwest was a lengthy
event, and this aspect alone assured that most media
outlets and state and local governments were paying
attention to the situation. Timely warnings were issued
throughout the region by both the National Weather
Service and by governments putting weather emergency plans into affect. Large cities from Des Moines
and Kansas City in the west to Cincinnati in the east
activated cooling shelters, sent city workers to check
on shut-ins, and filled the air waves with useful information about things to do and help lines to call. Many
of these heat wave plans had been developed in the
wake of the 1995 heat wave, although a few had their
origins in earlier severe heat waves during the 1980s
(e.g., State of Missouri). The experience of Chicago
in 1995 exemplified the need for the improvement of
heat wave responses (Changnon et al. 1996). In examining the mitigation of the 1999 heat wave, we focus
on Chicago and St. Louis.
a.

Chicago
Chicago experienced its most deadly weatherrelated calamity ever during the heat wave of 1995,
when about 700 people died (Whitman et al. 1997).
Not only was the event notable for its severity, but it
also revealed the slow response of a less than fully
prepared city to the unfolding disaster (Mayor's Commission on Extreme Weather Conditions 1995). The
worst of these failings was the delay in issuing a heat
warning until 15 July 1995, the last day of the heat
wave in Chicago (Changnon et al. 1996). Tremendous
strides have been made since 1995 in preparing for
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future heat waves, including the implementation of a
detailed response plan and an increased sensitivity in
the city government and population to the dangers of
heat waves. Partially as a result of the lower heat wave
intensity in 1999 and longer warm onset, and partially
as a result of improved planning, Chicago had far
fewer casualties during the 1999 heat wave than in
1995. The response of the 1999 heat wave in Chicago
was largely timely and vigorous.
Chicago NWS issued a heat wave warning on
22 July, calling for a maximum heat index of 43.3°C
on 23 July. Chicago activated its Extreme Weather Operations Plan and opened a Central Heat Command
Center on 22 July. Strongly worded press releases were
issued to the media to remind everyone that 700 had
died in 1995 heat wave. The city designated 34 cooling centers, provided free bus service to anyone needing to reach a cooling center, and announced plans to
check on the elderly and public housing residents. The
Chicago Fire Commissioner was put in charge of the
city effort. On 23 July, the city of Chicago opened 31
schools to provide more cooling centers, and police
officers augmented the other city workers going doorto-door checking on the elderly living alone. The city
had already prepared lists of individuals who were to
be checked, aided in part by a form on their Web site
that allowed concerned relatives to register their elderly relations for this service.
On 25 July, the fifth hot day, the city, through the
broadcast and news media, urged people to go to cooling centers after finding low attendance since 22 July.
Inquiries showed many were afraid to leave their residences, fearing robbery of their homes. Efforts to reach
out to the elderly resulted in over 30 000 persons being visited during 21-25 July. The media reported that
650 000 persons went to the Lake Michigan beaches
over the same weekend. City officials were pleased to
be so well organized in 1999, and Fire Commissioner
Ed Altman said on 26 July: "I consider this emergency
to be quite successful as far as our service to the public" (Chicago Tribune 1999a).
At this point in the heat wave, a cold front swept
through Chicago, temporarily cooling conditions below the heat emergency threshold. Following the letter of the heat wave plan, the emergency was declared
over and the Central Heat Command Center was
closed. Approximately 12 people had died due to heatrelated causes up this time.
However, the heat wave conditions returned
abruptly on 29 July, as was forecast even before the
cooler period commenced. The city reopened its Heat
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Center on 29 July, and reactivated its Extreme Weather
Operations Plan (Chicago Tribune 1999b). On 29 July,
the Chicago NWS issued a special "excessive heat
warning," and on 30 July the heat index reached
48.9°C. The city urged the elderly to call a special 311
phone line for assistance, and sent out hundreds of employees to check the elderly again. In addition to the
efforts of the city of Chicago and Cook County, Du
Page County immediately to the west opened 30 more
cooling centers on 29 July, and established a free callin service. Over 1200 people were brought to cooling
centers in Chicago during the heat wave. About 50 of
these people were taken directly to hospitals due to
obvious signs of dangerous heat stress. Despite all
these efforts, ambulance calls went up 20% on 30 July,
as many persons became ill or died due to the effects
of the heat and high humidity. One Chicago man who
was later found deceased responded to a neighbor who
offered to install an air conditioner for free: "Why
should I make my electric bill higher? The fan is
enough" (Associated Press 1999b). Unfortunately, at
high apparent temperature levels, a fan can actually
serve to increase the rate of heat exchange into the
human body, further stressing the individual. In addition, many elderly and low income people were not
aware that they were eligible for government subsidies to pay higher than normal electric bills caused by
running their air conditioners during a heat emergency.
Finally, there will always be individuals who either
refuse help or are too mentally confused to make a
rational decision to save their own lives. A total of 102
additional deaths occurred in the Chicago metropolitan area due to the impact of the last two active days
of the 1999 heat wave.
The entire proactive response to the 1999 heat
wave in Chicago was in marked contrast to what happened during the 1995 heatwave. The Centers for Disease Control and Prevention (CDC) assessed the
Chicago plan and actions to save lives during the July
1999 heat wave, and gave a highly complimentary report, stating the Chicago response activities were extensive and effective (Centers for Disease Control and
Prevention 1999). A CDC administrator called the
Chicago plan "the most well-developed heat wave response plan in the nation" (Rubin 1999).
b. St. Louis
In St. Louis, heat waves were frequent during the
1980s, so the level of preparedness in 1995 was high.
The state of Missouri issued a statewide heat alert on
12 July 1995, and the city of St. Louis followed with
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a heat warning on the morning of 13 July, the first day
of severe conditions (Rackers 1996). The 1995 conditions, although severe enough in St. Louis to cause
some 27 deaths (Smoyer 1998), were not nearly as
unusual as those conditions that Chicago experienced.
St. Louis suffered more fatalities during the 1999 heat
wave, 36 (St. Louis City Health Department 1999).
The increased fatalities may indicate that the extended
length of the 1999 heat wave created more severe heat
stress for people than the more intense but much
briefer 1995 heat wave. An examination of the response to this heat wave reveals a substantial, coordinated effort including both state and city governments.
More than a month before the heat wave, the State
of Missouri held a "Hot Weather Safety Day" on
16 June, and issued detailed information about the dangers of heat and how individuals should behave in heat
waves. On 19 July, the NWS forecast the movement
of hot and humid air into the Midwest on 20 July. The
State of Missouri issued a Hot Weather Health Advisory which provided heat wave precautions and also
informed the public about a help hotline. The next day,
20 July, the alert was upgraded to a Hot Weather
Health Warning. The warning status refers to a heat
index above 40.5°C for 2 days in a row; a further emergency declaration is issued when increased heatrelated morbidity and mortality is observed. The local
news media frequently reported on previous high death
losses from heat. Persons were told to use their air
conditioners and not to fear heat related power outages
since local heat sensitive electrical systems were now
much more robust than in prior years. Unlike in
Chicago, no major power outages occurred during the
1999 heat wave in St. Louis.
During the state-wide heat warning, the city response was well organized. The city opened 50 cooling centers on 26 July and offered to provide free rides
to anyone who needed help. On 28, 29, and 30 July,
the mayor sent 220 city employees out to check on the
elderly. Other organizations such as churches organized to help elderly persons. The coordination between the state of Missouri and the city of St. Louis
was very helpful. The state discontinued the heat warning on 3 August, after the maximum daily heat index
had dropped below 40.5°C for 48 h, and there did not
appear to be any likely resumption of that heat level
for the next 48 to 72 h. State officials kept the heat
warning active continuously from 21 July to 3 August,
without breaking when the cold front passed through
on 26 and 27 July. The heat may have claimed 36 lives
in St. Louis, but it would have undoubtedly killed more
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without an effective city response. The mayor convened a meeting within weeks of the 1999 heat wave
to assess the effort the city made to help people and to
develop an improved plan for dealing with future heat
waves.

6. Summary: Lessons learned
A comparison of the July 1995 and 1999 heat
waves in the Midwest indicates that there were quantitative differences in meteorological conditions between the two events. The pattern of the station
rankings of apparent temperatures for the 1995 heat
wave demonstrated an unprecedented severity during
the 2-day period when it was at maximum intensity.
Most first-order stations from Nebraska to Pennsylvania experienced their highest ranked 2-day T since
records began in the late 1940s. The 2-day maxima of
the 1999 heat wave were almost as extreme in the central Midwest, including a second highest ranking at
Chicago and some highest rankings in Ohio and
Kentucky. Even though the return period of a meteorological event like the minimum nighttime T p during the 1995 heat wave peak in Chicago was calculated
to be greater than 100 yr (Karl and Knight 1997), the
evening of 29-30 July 1999 was extremely similar to
the evening of the heat wave peak in 1995. However,
the peak daytime intensity of the 1999 event is clearly
less than in 1995. The 1999 heat wave did exceed the
1995 event in the important dimension of duration. In
many areas of the Midwest, the 1999 heat wave sustained a very strong intensity for up to 12 days, with
numerous locations experiencing a top 5 12-day T in
the Midwest. The 1995 heat wave was much briefer,
with a strong 3- to 4-day peak and normal conditions
before and after. Of course, this also meant that the
onset of the 1995 heat wave was much more abrupt
than the 1999 heat wave.
The time series of the heat wave events in Chicago
and St. Louis also reveal interesting aspects of the
physical characteristics of the heat wave. The daily
maximum Tap record of the 1995 heat wave was extremely similar at Chicago and St. Louis. However,
since Chicago is usually cooler than St. Louis, this
would indicate somewhat more anomalous conditions
in Chicago. This small anomaly difference does not
fully explain the discrepancy in the rate of heat-related
deaths in Chicago (8.8 per 100 000 population in the
metropolitan area) and St. Louis (1.1 per 100 000
population in the metropolitan area) during the 1995
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heat wave. Either the life processes of heat wave victims are extremely sensitive to a small difference in
temperatures at highly extreme conditions, or this disparity in loss of life may reflect how important the
more coordinated and substantive mitigation response
of St. Louis was in preventing heat-related deaths. In
1999, the daily maximum T time series indicate that
St. Louis had the more severe event in an absolute
sense, especially in its long duration at high 7 levels
prior to the peak at the end of the heat wave. However,
in terms of anomalies, temperatures were about
equally anomalous in St. Louis and Chicago in 1999.
In this case, both cities experienced a heat-related
mortality rate of 1.4 per 100 000 population in each
metropolitan area. Taking these facts together, when
these cities experienced nearly the same heat anomalies in 1999, both responded effectively to the emergency and thus experienced similar heat-related
mortality rates.
While St. Louis hopes to continue improving their
heat emergency response performance, it is likely that
a major factor in causing the increase in deaths in the
1999 heat wave compared to the 1995 heat wave was
simply the longer duration of severe meteorological
conditions. The responses of the state of Missouri and
city of St. Louis appeared to have been effective.
Chicago demonstrated important improvements in
the quality, quantity, and timeliness of its heat emergency response during the 1999 heat wave when
compared to the 1995 event. Potentially hundreds of
lives were saved in Chicago by city workers and media announcements in 1999. However, the St. Louis
experience points out two ways in which the Chicago
heat wave response could be even more effective:
electrical system reliability, and heat wave warning
continuity.
A high priority must be placed on electrical infrastructure in locations prone to extreme heat waves.
St. Louis has an updated and upgraded electrical supply system that did not fail during the heat wave such
as happened in Chicago. The city of Chicago is addressing this problem by using legal and legislative leverage to try to induce improvements in the electrical
delivery system in the city core as quickly as possible.
In response to these concerns, ComEd has announced
several initiatives, including a $1.9 billion upgrade of
the electrical distribution system in northeastern
Illinois and a new rebate policy giving residents $60
automatically if their power is ever out for more
than 8 consecutive hours due to equipment failure
0Chicago Sun-Times 2000).
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The continuity of heat wave warnings may influence public response. The state of Missouri requires
48 h to pass at lower than threshold temperatures,
along with a prediction of no return to heat wave conditions in 48 to 72 h, before canceling a heat wave
warning. In Chicago, the heat wave warning was canceled on 27 July after the passage of the cold front,
only to be reinstated on 29 July when the heat wave
returned. Valuable time had to be spent on 29 July
reactivating extreme weather operations and realerting
the public, who thought the heat wave had ended, to
once again be vigilant. St. Louis, following the state
of Missouri guideline, remained on heat warning status continuously from 21 July to 3 August 1999.
In conclusion, since the heat-related death rates in
both metropolitan areas were similar, this suggests that
St. Louis and Chicago had similarly effective heat
emergency response systems in place for the 1999 heat
wave. These and other cities in the Midwest appear to
have learned their lessons from the 1995 heat wave.
This analysis has also shown that there may be new
lessons to be learned after this and other future events.
It is quite possible that some future increases in heat
wave frequency, intensity, and duration may occur due
to natural climate variations, such as happened during
the 1930s, or due to a broader global climate change
(Kalkstein and Greene 1997). In addition, the demographics of vulnerable people in cities will change as
the U.S. elderly population increases. Therefore, the
infrastructures and procedures for responding to heat
waves in Midwestern cities must continuously be augmented and improved if the modern urban heat island
is not to become the urban "death island" (Buechley
et al. 1972).
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