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Examples of Heat Health Warning
Systems: Lisbon’s ICARO’s
Surveillance System, Summer of
2003

Paulo Jorge Nogueira

Abstract

During the summer of 2003 Portugal was under unusual heat stress, particularly in the period from 27th
July to 15th August, when almost all Portuguese districts had weekly maximum temperatures above
32°C.

In Portugal an operational Heat Health Warning System has existed since the summer of 1999. This
system is based on meteorological data and gives three days advanced heat wave predictions. This 2003
summer had several unusual heat periods that were extremely well predicted.

This article aims at presenting the Heat Health Warning System, detailing its background, methods
and its five years experience. Beyond that a particular review of the summer of 2003 is done.

The 2003 summer July - August 17 day heat wave seems to have generated about 2200 excess deaths.
When age, sex and district population adjustments are made the excess mortality is evaluated at 1953 heat
related deceased.

Heat related mortality affected mainly elder and female individuals.

The surveillance partners had difficulties in conveying out messages to the population, using the me-
dia, late in the heat stress period.

Our 2003 summer experience lead to the conclusion that active ways must be sought to convey in-
formation to the population, when such a silent disaster is predicted. Passive systems, such as using the
media to spread messages of interest during heat stress periods, are not reliable especially in a very long
heat wave.

Introduction

During the summer of 2003 Portugal was under unusual heat stress, particularly in the period from 27th
July to 15th August, when almost all Portuguese districts had weekly maximum temperatures above 32 °C.
In fact, 13 of 18 districts had weekly mean maximum temperatures above 35 °C during that period.

The impact was detected early by the ICARO surveillance system, on the 30th July high ICARO-index
was observed and a special warning was issued. In fact, from 28th July to 14th August the predicted Index
for the following 3 days was always above zero, indicating presence of heat-mortality risk. On 11 of those
17 days, the ICARO index was above the warning threshold 0.93 (@ Tab. 1). The higher indexes were
predicted on 1st August with 2.44 and on 12th and 13th August with indexes above 3.

© Springer-Verlag Berlin Heidelberg 2005
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O Tab. 1
Pre-established ICARO surveillance system warning levels

ICARO-INDEX Value Warning Level

[CARO-Index =0 No Effect - No Warning

0 <= [CARO-Index = 0,31 Non statistically significant effects on daily mortality
0,31<=ICARO-Index <0,93 Possible effect on mortality

0,93 <= [CARO-Index <1.55 Heat wave alert in analysis

[CARO-Index >=1.55 Heat wave alert - serious consequences

on health and mortality expected

Note: since these warning levels are based on predicted excess mortality the Index cannot have negative values. Observed mor-
tality when converted to I[CARO-index can have negative values.

A posterior look at mortality data showed that predicted peaks of the ICARO index, which reflected also
variation on daily predicted temperatures, related suitably with overall observed mortality. In 2003, the
major summer heat wave was responsible for about 2000 excess deaths.

This article is divided in three sections. The first section is called Lisbon’s ICARO Surveillance System
and describes the ICARO surveillance system background, origin, implementation, organics and past
experience up to the year 2002. The second section is called ICARO’s summer of 2003 experience and re-
ports last summer events from systems’ perspective, describing observed summer temperatures, collected
mortality data, summer predicted ICARO’S indexes and their interrelation; overall estimates of observed
heat related excess deaths is made using both 2003 and past summer mortality data; a brief discussion of
the effective system’s intervention is also made. The third section is a conclusion and discussion section
where several strong and weak points of the work herein are presented and discussed.

Lisbon’s ICARO Surveillance System

1 Genesis

Icaro is the Portuguese version of the name Icarus, the Greek mythological character that died because
of the sun’s heat. In 1998 when a name was sought for the study of the importance of heat on mortality,
the name ICARO sprung naturally as an acronym for the Portuguese title “Importancia do Calor e a sua
Repercussio nos Obitos” [importance of heat and its repercussion on deaths].

The “ICARO Project” stands for a research line within the Portuguese National Health Observatory.
And the ICARO Surveillance System (of heat waves with probable impact on human health) stands for
the Portuguese Heat Health Warning System. On a romantic note, the ICARO Surveillance System aims
at transforming all potential Icarus’ into wiser Deadalus’ (Deadalus was Icarus’ father, who while using the
same wings did not die of the sun’s heat).

The ICARO surveillance system of heat waves with probable impact on human health and mortality
was optimised to its current version in 1998 and implemented in the summer of 1999.

Its roots are well defined in the events that occurred in the heat wave of June 1981 in Portugal. This
was a notorious event, where official heat related deaths, along with deaths of animals as chicken and rab-
bits, lack of drinking water in several districts of the country, concerns about exhausted stocks of bottled
refrigerants and beer were cited on the daily newspapers during the 10 day heat wave itself. At the time,
ruptures at health services levels were felt, as well as excess of patients and lack of place to hold the de-
ceased. Evidence of a heat wave effect on weekly mortality for the district of Lisbon was shown in Falcdo
etal. (1988).
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In July 1991 another noteworthy heat wave occurred, with similar length, apparently not as hot, and
with milder effects (Paixdo & Nogueira 2002 and 2003).

By 1998, a full study on the effects of the 1981 heat wave was available, estimating an outstanding over-
all excess of 1906 deaths in what is called continental Portugal (Portugal minus the autonomous regions
Madeira and Azores). This effect was statistically significant in 16 of 18 districts, for both sexes, and for all
age groups except females below 15 years old (Garcia, Nogueira & Falcdo 1999).

By then further studies were underway which showed that it was possible to model the heat-mortal-
ity relationship in a suitable simple way. Nunes e Castro (1998) used a time series approach that could be
simplified when using only summer mortality and temperature data instead of full year data.

Therefore, a simple way of predicting heat waves with impact on mortality was available. Such knowl-
edge could generate life and health gains and prevent premature avoidable deaths. The idea of a surveil-
lance system of heat waves sprung up naturally and a partnership with the Portuguese Meteorology Insti-
tute was established allowing daily summer surveillance.

The creation of the surveillance system only within the two institutions was not ideal, since these
institutions do not have an active intervening role near the health system and the population in general.
In order to have a full organic surveillance system, the Portuguese National Health Directorate and the
National Service of Firemen and Civil Protection, which have the mandatory ability to act within the
health system and the population in general, were contacted and were manifestly interested in being part
of the system.

Since the modelled heat-mortality relation is based on predicted number of deaths, and this is just an
epidemiological indicator, an alternative indicator was created instead to parlay information between the
surveillance system partners — the [CARO-Index (Nogueira et al., 1999).

2 Organic flow

The ICARO surveillance system information flow starts in early May every year. The system’s exchange of
information starts between the Meteorology Institute (IM) and the National Health Observatory (ONSA),
with the former sending forecasted weather conditions for 3 days (current day plus 2 days). Based on that
information the ICARO-Index for the 3 days period is calculated daily at ONSA and sent back. On the
15th May this procedure is broadened to all system partners - by this date a full report can be produced

(© Fig. 1).

The system has 4 warning levels (€ Tab. 1) based on the 95 % confidence interval for Lisbon’s district
mortality when no abnormal weather conditions occur. Converting this mortality to ICARO-indexes,
daily mortality varies within the values -0,31 and 0,31. The several warning levels were successively built
adding this interval range (see Nogueira 1999) for technical details).

The several warning levels imply different direct interactions among the various system partners.
Higher levels of risk, which imply heat wave alerts, lead to great interaction and systematic re-evaluation
of observed temperatures and predicted indexes and weather conditions. When any established risk level
is reached, personal messaging is made and intervening institutions issue their pre-established prevention
measures.
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B Fig. 1

ICARO Surveillance System
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Lisbon ICARO Surveillance system (source: Onsa: Observatério Nacional de Saude)

3 System scope and its past experience

The system is based on the information for the district of Lisbon and is expected to be a reasonable in-
dicator for the rest of the country’s situation. The existent information on 1981 and 1991 supports this
assumption (Garcia, Nogueira & Falcdo 1999 and Paixdo & Nogueira 2003). Although it is a city-based
system, it was mainly built on the information for its district level and is meant as a good indicator for the
national level.

Since 1999 there have been several different episodes of heat waves’ alerts. In 1999, the system’s first
year, no warning or alert was issued. The ICARO-Index rose up to 0.7 for one day in the beginning of July
and although the observed daily mortality is not statistically different from the expected, an alteration on
the randomness of the mortality process was visible (Nogueira 2001; WHO 2004). This new information
gave the surveillance system an insight beyond what was previously modelled and known.

In 2000, on 15th July a first alert was issued with the 3-day predicted index with similar severity of the
observed heat wave of 1991. Efforts were done by the system partners to put the information out to the
health system and the population. Alert response was probably not as prompt as was required and collabo-
ration from social media was disappointing. But oddly, two days later no such indexes were expected due
to sudden changes in the weather forecast for Lisbon. Later analysis, when mortality data was available,
showed that ICARO was absolutely correct for the district of Lisbon. But curiously, a national overall daily
excess mortality was observed for the period from 15th July to 17th July just as predicted by the surveil-
lance system on the 15th July (Nogueira 2001) and illustrated in @) Figure 6.
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In 2001, a remarkable situation occurred in late May where temperatures rose from around 18 °C on
the first fortnight to seven consecutive days above 30 °C. At the time awareness existed that the system was
not calibrated for such occurrence.

Though heat was felt and a relative awareness of a heat wave was developing, the ICARO index issued
only very mild warning levels. This happened because temperatures never really rose above 32 °C for more
than two days, which is the departure level of the system.

A first estimation on this early heat wave was evaluated while preparing Paixdo and Nogueira (2002),
where an excess of 397 deaths was presented for the period of 27th May to 1st June. Future re-evaluations
of this occurrence with different heat wave definitions might lead to a slightly wider estimate. In 2002 sev-
eral warnings were issued but an evaluation is not yet possible because mortality data is not available yet.

iICARO’s summer of 2003 experience

4 Temperature

This summer had several hot periods and was characterised by the following point:

o Hot temperatures occurred in late May, with temperatures equal or above 30 °C for 6 days between
21st and 31st May;

o In week 25 (@ Tab. 2), maximum air temperature raised from about twenty degrees up to 39 °C in
Lisbon on the 19th June. Although it only lasted about three days it resulted in a week with excess
temperature profile;

o A long hot period occurred late July— August, it lasted for about a fortnight from the 29th July up to
14th August (weeks 31 to 33). As it is shown in table 2, 16 out of the 18 continental districts of Portu-
gal had mean temperatures above 32 °C for two full weeks, two of those had even temperatures above
40 °C. This event had no known precedent, but Lisbon’s maximum air temperature from June 1981 was
not reached.

o Another hot period was felt on early September (weeks 37 and 38) which was also an unexpected late
summer hot period, with no presently known equivalent in the past.

In @ Figure 2, daily temperatures for Lisbon and the daily mean temperature of the 18 districts are pre-
sented. They show that the temperature of Lisbon is very closely related to the overall temperature of the
mainland. Differences only arise in the relative minimum and relative maximum temperatures occur-
rences. The most noteworthy is the difference on 4th August where the daily maximum temperature for
Lisbon goes clearly below 32 °C while the overall mean stays above 32 °C.

5 Mortality data

Mortality data presented here was only possible to assess due to the unusual occurrence of this summer
heat wave. In fact, due to the awareness of this heat wave problem, the Portuguese General Health Directo-
rate and the Portuguese National Registrar Directorate were able to optimize the regular system flow of the
death certificate registration and coding. This change consisted in the registrars’ offices actively sending
facsimiled death certificate copies to the Mortality Coding Unit of the General Health Directorate. This
resulted in years advanced data (as an example at the time this paper is being written 2002 data is still not
available for Health scientific purposes).
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O Fig. 2
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© Figures 3 to 6 show daily summer mortality series for some population strata. The main finding is how
close mortality relates with the temperature, especially on the heat period of July - August, where the ups
and downs on the mortality processes follow the ups and downs on observed temperatures.

Another important feature that has been described elsewhere (Braga AL, Zanobetti A, Schwartz |
2002, for example) concerning high temperatures’ harvest effects on respiratory and cardiovascular mor-
tality, and this had not been previously observed in Portuguese heat wave mortality data, is the apparent
harvest effect at the end of August to the beginning of September.

© Figure 4 compares mortality between males and females. Several features are noteworthy:

o Both mortality processes are in synchronization with the temperature evolution, same ups and downs,
up to the beginning of the July - August heat wave period;

o Heat impact clearly visible around 19th June equally affects both sexes, previous to that and right af-
terwards mortality levels are also similar;

o On the longer and hotter extended July - August period, female mortality is higher than male mortal-
ity;

o Inthe subsequent time period to the July - August heat wave, female mortality shows a lower level than
male, but the consequence of a harvest effect is still visible in both sexes.

© Figure 5 shows evident differences between age groups. Mortality is particularly evident in the higher
age group, 75 and more years old. The 65 to 74 year old age group also presents an important effect but
still far from the one from that of the higher age group. The other age groups also seem to relate to the heat
periods in some way but their global mortality is almost irrelevant to the total heat related mortality.

© Figure 6 compares several recent years’ summer mortality, delimiting clearly the 2003 heat wave mor-
tality epidemic curve.

6 The ICARO Index

Obviously, interest always lies in knowing how well predicted heat related mortality compares with ob-
served mortality data. Would it relate well in the summer of 2003, when so many aspects were new? New
was the exceptionally full hot summer, with heat periods in May, June, July - August and September and
with an early summer period; the heat wave length; as well as the late summer heat wave.

© Figures 7 and 8 show the relation of the ICARO index and observed mortality for Portugal mainland
and for the district of Lisbon respectively. Results are remarkably good.

It is not surprising that ICARO results seem better for Lisbon’s district level, since model coefficients
used were derived from past experience here. At national level, predictions were somewhat over- or under
estimated, but thinking on a national heat health warning surveillance system, main excess mortality mo-
ments were particularly flagged in a practical way. On the unprecedented long July - August heat wave,
ICARO?s surveillance system correctly predicted the different upheavals (up and down mortality direc-
tions), which is also overwhelming since previous heat wave modelled data did not include such long heat
waves with mortality changing in several directions. This might speak for the rationale used in the heat-
mortality relation proposed on modelling.

At the Lisbon District level, several aspects are also worth noting: The accuracy of 19th - 20th June and
4th August mortality predictions, particularly the latter, where mortality comes down to the non-daily
statistically significant level as opposed to what happens to the national level. In fact, both two downward
mortality levels in the middle of the big heat wave are particularly well predicted. Discrepancies to the



Examples of Heat Health Warning Systems: Lisbon’s [CARO's Surveillance System, Summer of 2003 151

O Fig.7

1000 |

900 |

800 |

700 |

600 | _

500 | | =—Observed Deaths

A\ [CARO Prediction
400 | i |
\ L
-vnﬂ I\'A - LA-_l",.'A ~ A A N
200 | y . SN
100 |
0

Lo B o o IO o O o T e IR o SO o IO O T o O o N B O o T o IO o T o IO O e T T o T e T o T e O o0 )
OO0 000000 CO0C0 000000000000
OO0 0000000000 C0C O 0000000000000
SYISSSSSSYIIIITYIIIIIIIFIIILLS
WNWwwowowoPPMPMRMRMMPMMODODQOODODOODO OO OO
88333883838555555833333333333¢2
T O MO MOWOE MmO MOMDOMOAOAMPMPEMNMMAENMNPE"W~Or— O
AN AN OO 0NN ANMOO 0N ANOO 0NN AMNMNOO~~QAMNANO

Q

Portugal Continental: Daily [CARO Surveillance System predicted mortality
from 1st June to 21st September 2003 in Portugal mainland

nd observed daily mortality

O Fig. 8
200
180
160
140
120
100

)
o0 And J\'M shaahes MMWAW'.}\A'L :

——(Observed Deaths
{CARO Prediction

40
20
0

24-05-2003
29-05-2003

03-06-2003 |
08-06-2003 |
13-06-2003 |
18-06-2003 |
23-06-2003 |
28-06-2003 |
03-07-2003 |
08-07-2003 |
13-07-2003 |
18-07-2003 |
23-07-2003 |
12-08-2003 |
17-08-2003 |

22-08-2003 |
01-09-2003 |

28-07-2003 |
02-08-2003 |
07-08-2003 |
27-08-2003 |
06-09-2003 |
11-09-2003 |
16-08-2003 |
21-09-2003 |
26-09-2003 |
01-10-2003 *

Districts of Lisbon 2003: Daily [CARO Surveillance System predicted mortality and observed daily mortality
from 1st June to 21st September 2003 in Lisbon district

whole mainland level can be related to the fact that overall districts remained above their threshold risk
levels, contrary to what happened in Lisbon.
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At both levels, some of the predicted mortality peaks seem excessive. This is not particularly threaten-
ing as long as the risk is predicted und correctly flagged. Over the past years of experience the ICARO
index has revealed itself as a tool that goes beyond the daily statistical level, as briefly stated before. It also
flags alteration on randomness of the summer excess mortality process. This seems to hold true here, with
some new features. The third mortality peak on the big heat wave behaves non-randomly at a higher mean
level. This late peak, and the September one, seem to hold non-randomness and are consequences of fea-
tures not previously modelled, such as its lateness in summer.

7 Early estimates of excess deaths

Very early, serious attempts were made to evaluate the impact of the long summer 2003 heat wave on Por-
tuguese mortality. On 20th August, an estimate of 1317 heat related excess deaths up to the 12th August
was presented, evaluated while the heat wave was still occurring based on the daily registered number of
death data collected for a sample of Registrars’ Offices (Falcdo et al. 2003). Here some estimates of ob-
served excess deaths due to this long heat wave are presented. Also presented are estimates of heat impact
period.

Data and statistical Analysis

Mortality data used for 2003 are those discussed above obtained by the General Health Directorate, for all
other years National Statistics Institute (INE) mortality data were used. Data on climatic conditions were
kindly supplied by the Meteorology Institute.

Data analysis was done comparing several reference periods of mortality data with observed data
in the summer of 2003. Exact Poisson probabilities and confidence intervals were derived (Esteve, Ben-
hamou & Raymond 1994).

Which reference period?

Evaluations of the 1981 and 1991 heat wave were made a posteriori where data of previous and following
years were available. These allowed an estimation of the overall population state at the period of the event
occurrence. During the event, or just a few months after, it is not possible to gather such knowledge. There-
fore, some other approaches were required. @ Figure 9 shows the reasons why the described difficulties
occur, since there is a notorious increasing trend on mortality through the years.

On a first approach, the summer period of interest was divided into several periods of equal length allow-
ing comparisons among years and between periods.

Period -2: 18 Jun to 7 Jul

Period -1: 8 to 27 Jul

Heat wave period: 28 Jul to 16 Aug

Period +1: 17 Aug to 5 Sep

Period +2: 6 to 25 Sep

The rationale behind these periods was not very theoretical though. The idea was simple: the highest
temperature period begun on the 29th July up to the 14th August and the heat impact is known to last for
one or two days after. Following this rationale, a rough period from 28th July to 16th August would include
the heat stress period and most probably its full impact. The other periods were just equal in length.
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B Tab. 3
Estimates of excess mortality in 2003 by summer periods using homologues time periods in several time
intervals
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2001 Daily mean 260,2 240,5 259,5 254,6 248,3
Expected in 19 days 4943 4569 4931 4838 4718
O/E ratio 1,00 1,01 1,46 0,94 1,02
Excess deaths -2,0 63,0 2259,0 -282,0 77,0
1C95 % (-136,5; (-67,8; (2104,5; (-411,8; (-55,8;
137,8) 198,4) 2427,5) -147,7) 214,7)
p-value (two tailed) 0,987 0,352 0,000 0,000 0,262
1997 -2001 Daily mean 253,5 252,9 260,0 246,3 244.,6
Expected in 19 days 4816 4804,2 4939,8 4680,6 4647
O/E ratio 1,03 0,96 1,46 0,97 1,03
Excess deaths  125,0 -172,2 2250,2 -124,6 148,0
1C95 % (-9,5;264,8) (-303;-36,8) (2095,7; (-254,4;9,7) (15,2;
2418,7) 285,7)

p-value (two tailed) 0,070 0,013 0,000 0,069 0,028
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1995-2001 daily mean 253,3 256,1 258,1 249,6 244,6
Expected in 19 days 4813,0 4865,3 4904,3 4743,0 4648,0
O/E ratio 1,03 0,95 1,47 0,96 1,03
Excess deaths 128,0 -233,3 2285,7 -187,0 147,0
1C95 % (-6,5;267,8) (-364,1; (2131,2; (-316,8; (14,2;
-97,9) 2454,2) -52,7) 284,7)
p-value (two tailed) 0,063 0,001 0,000 0,006 0,029
1980-2001 daily mean 237,4 243,8 252,8 235,1 230,6
Expected in 19 days 4510,7 4631,6 4803,2 4466,0 4381,8
O/E ratio 1,10 1,00 1,50 1,02 1,09
Excess deaths  430,3 0,4 2386,8 90,0 413,2
1C95 % (2958; (-130,4; (22323; (-39,8; (280,4;
570,1) 135,8) 2555,3) 224,3) 550,9)
p-value (two tailed) 0,000 0,998 0,000 0,178 0,000

Source: Mortality database - Instituto Nacional de Estatistica

© Tuble 3 shows excess mortality within the several defined periods for different reference time periods
in the past. The year 2001 could be thought of as a useful reference, since it provides the most recent data
and relates better with current population structures. But it had its down side and did not reflect the June
heat wave. In fact, recent years show mortality impacts in June (@) Fig. 5).

All other possible reference time periods have similar problems, beyond the fact that awareness exists
that higher excess death estimates are obtained from wider reference periods (€ Fig. 9). But on the posi-
tive side, within heat wave period all excess deaths estimates are similar.

When did the mortality impact occur?

To assert the period of heat impact on daily mortality, data from 26th July to 21st August for 1999 to 2002
and 2003 was used, and Poisson probabilities were used to compare daily observed mortality in 2003 with
period mean daily mortality for each other year and for 1999 to 2001 averages. @ Table 4 illustrates that a
clear pattern of 17 days, from 30 July to 15th August, arose.
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B Tab. 4
Estimation of the heat wave mortality impact period and estimates of excess mortality in 2003 using
preceding years similar periods

Comparison with daily mean

p2001 p2000 p 1999 p mean

1999-
2001
27-Jul 253 230 220 218 223 0,62 0,50 0,07 0,32
28-Jul 242 250 213 202 222 0,89 1,02 0,27 0,78
29-Jul 250 266 246 226 246 0,76 0,63 0,10 0,42
30-Jul 292 260 250 231 247 0,00 0,00 0,00 0,00
31-Jul 286 257 253 202 237 0,01 0,01 0,00 0,00
1-Aug 362 233 283 221 246 0,00 0,00 0,00 0,00
2-Aug 418 274 254 240 256 0,00 0,00 0,00 0,00
3-Aug 395 231 213 236 227 0,00 0,00 0,00 0,00
4-Aug 356 223 226 224 224 0,00 0,00 0,00 0,00
5-Aug 317 254 214 228 232 0,00 0,00 0,00 0,00
6-Aug 384 274 250 233 252 0,00 0,00 0,00 0,00
7-Aug 424 260 254 239 251 0,00 0,00 0,00 0,00
8-Aug 464 248 267 210 242 0,00 0,00 0,00 0,00
9-Aug 399 241 279 237 252 0,00 0,00 0,00 0,00
10-Aug 387 235 251 212 233 0,00 0,00 0,00 0,00
11-Aug 388 236 228 240 235 0,00 0,00 0,00 0,00
12-Aug 438 260 212 238 237 0,00 0,00 0,00 0,00
13-Aug 439 258 238 231 242 0,00 0,00 0,00 0,00
14-Aug 372 236 240 238 238 0,00 0,00 0,00 0,00
15-Aug 306 228 246 227 234 0,00 0,00 0,00 0,00
16-Aug 244 212 273 217 234 0,99 0,92 0,21 0,68
17-Aug 263 243 245 244 244 0,26 0,19 0,01 0,11
18-Aug 260 223 241 202 222 0,35 0,26 0,02 0,15
19-Aug 247 223 235 216 225 0,91 0,77 0,15 0,54
20-Aug 241 249 220 222 230 0,84 0,98 0,30 0,83
21-Aug 240 261 243 211 238 0,79 0,93 0,33 0,88
Total observed deaths 8667 6365 6294 5845 6169
Mean 3333 2448 2421 2248 237,3
Excess deaths in 2003 2302 2373 2822 2498
Excess deaths in 2219 2269 2540 2342,7
30.7 to 15.8, 2003
95 % Confidence (2070;  (2120;  (2391; (2193;
Intervals for 2378,3) 2428,3) 2699,3) 2501,3)
Excess Deaths
p for overall excess 0,00 0,00 0,00 0,00

Source: 1999-2001 Mortality data — Instituto Nacional de Estatistica; 2003 mortality data — Direccdo Geral da Saude
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How many people died?

Opverall excess death numbers for the estimated 17 days of heat impact mortality (table 4) do not substan-
tially differ from previous estimates (table 3). The estimate of 2219 excess deaths obtained for the 17 days
of heat impact and for the reference year of 2001 is a reasonable figure for observed excess mortality.

The report Direc¢io Geral da Satde - Direc¢do de Servicos de Informagido e Andlise & Instituto Na-
cional de Saude Dr. Ricardo Jorge — Observatdrio Nacional de Satide (2004), correcting for population’s
structure using mortality rates to calculate expected deaths, shows that the number of excess heat related
deaths is 1953.

8 Intervention

The summer of 2003 accounted for an unusual amount of effective intervention and an unusual effort to
convey heat wave information to the population. Very early response from intervening partners was very
positive. Efforts were undertaken to assess conjoint information from both institutions able to intervene.
As early as June there had been warnings on sun exposure at the beach and on how heat could affect
younger and elderly people.

Later in the summer it seemed that information on the heat wave and forest fire warnings got mixed
by the media. Overwhelming forest fires with very visible effects took over the media, overshadowing
information on the heat wave effects on health and mortality.

The pragmatic implementation of the ICARO Surveillance System always relied on the institutional
missions of each partner, rather than designing an exceptional plan of intervention. Otherwise the system
would exceed the natural bounds of individual institutional missions. Nevertheless, this summer experi-
ence showed that in the future additional efforts must be made to inform the population of heat risks. The
surveillance system must not only rely on passive informational schemes.

Conclusions and discussion

9 Conclusions

The Portuguese Heat Health Warning System - also referred as the ICARO Surveillance System — has been
in place for five years. In the past it has issued several heat wave warnings. The 2003 summer warning was
the most severe.

The 2003 summer was unusually hot, having several periods with excessive temperature. Excessive
temperatures were observed in May, June, July - August (continuously for about two weeks) and Septem-
ber.

The ICARO Surveillance system (Lisbon Heat Health Warning System) gave a realistic picture about
the true effects that occurred. The heat risk predicted through the ICARO-index showed a close relation
with observed mortality. This fact supports the model rational defined by the ICARO methodology.

It has been shown that high heat-related mortality occurred in Portugal in the summer mainly in the
July - August heat period. This article shows that this heat wave had a duration of 17 days, generating
about 2200 excess deaths that, when accounting for structural population, results in an estimated number
of 1953 effective heat related excess deaths. This mortality mainly affected elderly individuals, especially
above 75 years old; also women; and in all Portuguese mainland districts.

The surveillance partners had difficulty on conveying messages to the population, using the media, late
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in the heat stress period. This was mainly due to highly visible and remarkable concomitant forest fires that
occurred in most districts of the mainland country.

The ICARO Surveillance System experience led to the conclusion and advice that more active ways
are required to convey information to the population at risk, so that substantial health and life gains can
be achieved.

10 Discussion

The results presented in this article show that the summer of 2003 was an outstanding event, with gener-
ally hot temperatures and severe consequences on human health and mortality. Other studies showed that
there was also an alteration on hospital and health emergency services (Paixao et al. 2003). These aspects
point to the event’s complexity, showing that a full report on such an occurrence might not be promptly
possible.

This summer heat wave occurrences had dramatic consequences in Portugal, but past experiences and
experiences elsewhere (in France for example) allowed for far worse expectations, since this major heat
wave was about twice as long as previously known severe heat waves. In fact, in the 2003 summer there
was no visible, known or reported health or cemetery service breakdowns.

Intervention in 2003 might not have been as extensive as wished, mainly due to other aspects that are
surely also heat related. It was evidenced that reliance on passive systems to reach and inform individuals
has its drawbacks; while consequences of forest fires may not have such severe health consequences as the
heat wave itself, it has a visual and socially dramatic side that is appealing to the mass media, and also con-
veying the same information during a long heat period reduces informational interest. So system partners
felt a need for and have already started a further investment on intervention planning for the near future.

The main objective of this paper was to present the ICARO Surveillance System as an example of a full
operational heat health warning system, showing its past and current experience. Obviously, excess death
estimation is one important task, since it helps the system’s evaluation, but it is not the surveillance sys-
tem’s main concern. The excess deaths herein presented might not reflect the full population’s age structure
prior to the heat wave; in the winter of 2002/2003 there was not the usually recurrent influenza epidemic
(Centro de Virologia — Centro Nacional da Gripe/Observatorio Nacional de Saude — Rede Médicos-Sen-
tinela (2003) and Falcdo (2003)) which might have spared some individuals at risk in the winter and may
have increased their probability of dying in such a hot summer.

A full report on this 2003 July - August heat wave related mortality by the General Health Directorate
and the National Health Observatory (ONSA) is available at URL [www.onsa.pt]. This report presents
definitive as well as global mortality ratios and excess death estimates by gender and by age group, stand-
ardized by district level.

It is interesting to notice that for all the different time periods used for reference (table 3) the heat
wave period is the one with higher expected daily mortality. In fact, if modelling daily air temperature
data from 1980 to 2000 with polynomial regression, a summer maximum occurs for all the Portuguese
mainland districts between the 4th and 11th August (Nogueira 2004). This suggests that heat might have
an endemic nature that has not yet been referred to elsewhere. Nevertheless, comparisons with previous or
later periods can lead to higher estimates and past heat wave excess death estimates can be underestimated
if the August period is used as reference.

Several times in this article, the mortality process is described using the term “visible non-random-
ness” when there is an ICARO index at a non-statistically significant level. This is just an empirical com-
ment that needs further proofing. This might be accomplished by analysing data comprising two or three
days. Such proofing has not been attempted here, but awareness exits of such a necessity, and this will be
done in the near future.
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This article shows that the [TCARO Surveillance System, in its current operational version, gives a
correct prediction while heat waves are occurring. Such confirmation is in favour of the system existence
since 1999. This summer occurrence showed the relevance of the ICARO Project research line, which
might bring interest to other research areas and related institutions, further research efforts are needed
and will allow more knowledge, further developments and more health and life gains in the future.
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