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Ce rapport présente le travail réalisé a ce jour dans le cadre du projet "Ecarts de température
et mortalité en France" financé en partie par I'lnstitut de la longévité et du vieillissement pour
la période 2005-2007. Le projet est mené par des chercheurs de I'unité Mortalité, Santé,
Epidémiologie (UR 5) de I'lned: Magali Barbieri (responsable), Alfred Nizard et Laurent
Toulemon. Ce rapport présente, successivement, les deux volets scientifiques du projet, a
savoir I'analyse des effets a long terme de la vague de chaleur d'aolt 2003 sur la mortalité et
I'examen des relations entre écarts de température et sur-mortalité en France au cours du
vingtieme siecle. Tandis que le premier volet est plus particulierement étudié par Magali
Barbieri et Laurent Toulemon, le second est pris en charge par Alfred Nizard. Le projet initial
comportait un troisiéme volet, ayant trait a I'étude des facteurs de risque de la mortalité
induite par la canicule dao(t 2003 mais, apres discussions avec les collegues de I'Institut
national de veille sanitaire (INVS) et de I'lnserm, il est apparu que ce sujet allait étre
extensivement analysé dans le cadre d'études menées par ces organismes. || a donc été décidé
d'abandonner ce troisieme theme et de se concentrer sur les deux premiers dans le cadre du
projet Ined.

1. Les conséquences de la canicule d'aolt 2003 sur la mortalité

Le premier enjeu est destimer la sur-mortalité due a la canicule en terme de recul de
I'espérance de vie ou d'années de vie perdues (Hémon et Jougla, 2003). Cet effet ne dépend
pas seulement du nombre de déces directement ou indirectement attribuables a la vague de
chaleur, mais aussi de la structure par &ge des victimes et de l'intensité d'un possible effet de
moisson. |l convient donc d'estimer, en plus du nombre total de déces entrainés par |'épisode
de chaleur, les caractéristiques démographiques des victimes et le nombre d'années qu'elles
auraient encore vécues s elles avaient survécu. C'est a ces estimations gue le travail a été
essentiellement consacré jusqu'a présent. |l a été rythmé par la présentation des résultats de
I'étude dans le cadre de séances formelles a |'occasion de deux colloques. Le premier,
international, était organisé a Tours en juillet 2005 par I'Union international pour |'étude
scientifique de la population (UIESP). Le second était la réunion annuelle de la Population
Association of America qui Sest tenue en 2006 a Los Angeles (29 mars-1% avril). Ces
présentations ont donné lieu a la rédaction d'un texte dont la version actuelle est présentée a
I'annexe 1 du présent rapport. Ce texte est en cours de révision et sera soumis dans les
semaines a venir a une revue internationale de démographie pour publication. Les documents
PowerPoint utilisés pour les deux présentations sont également présentés en annexe (annexes
2 et 3). Nous résumons ci-dessous les activités réalisées dans le cadre de ce premier sous-
projet.



Estimation du nombre de deces et dela structure par sexe et dge des victimes

La plus grosse partie du travail mené au cours de la premiére année a consisté a déterminer la
méthode la plus robuste pour déterminer, d'une part, le nombre total de déces et la structure
par sexe et age des victimes de la canicule et, dautre part, I'ampleur d'un éventuel effet de
MOoi sson.

La méthode finalement retenue tirait partie de I'ensemble des données de mortalité obtenues
gréce au soutien de I'lnsee (Division des études et enquétes démographiques). Ces données
consistaient en deux tables de mortalité pour deux périodes précédant immeédiatement |'année
de la canicule, a savoir 1997-1999 et 2000-2002; un fichier éectronique des données
individuelles de déces comportant des informations relatives a |'année de naissance, au jour,
au mois et a l'année de déces, au sexe et au département de résidence pour toutes les
personnes décédées en France métropolitaine au cours des années 1997-2004 ; et larépartition
de la population de France métropolitaine par sexe et année d'age au premier janvier. Enfin,
I''nsee nous a également fourni des données provisoires sur la mortalité de |I'année 2005
consistant en un nombre de décés mensuel pour la période sétendant de janvier a octobre.

Ces données nous ont permis d'estimer le nombre total des victimes de la vague de chaleur et
leur composition par sexe et &ge, par différence entre les déces observés et les décés attendus.
Ladifficulté consistait a estimer le nombre et la composition des déces attendus en absence de
canicule. Ces derniers ont finalement été déterminés par une méthode indirecte qui consistait
a estimer |'évolution des probabilités de déces par sexe et année d'ége entre les périodes 1997-
1999 et 2000-2002 et a projeter cette évolution en 2003. Une analyse de I'évolution de la
saisonnalité au cours de ces mémes périodes a ensuite permis d'estimer le nombre et les
caractéristiques de sexe et d'ége des déces pour chaque mois de janvier a décembre. Les
victimes de la canicule ont été identifiées par différence entre ces décés attendus et les déces
observés pour chague sexe et année d'age apres lissage. La méthode, complexe, est expliquée
en détail dans le texte présenté al'annexe 1.

Le nombre d'années qu'il restait & vivre aux victimes de la canicule s elles avaient été
épargnées a d'abord été estimé en supposant qu'il n'y a pas eu d'effet de moisson. En |'absence
d'un tel effet, on suppose que les 14 750 victimes de la canicule auraient pu vivre aussi
longtemps que leurs pairs de méme sexe et age. Nous avons ainsi pu calculer une espérance
de vie de 8 ans pour les femmes et de 11 ans pour les hommes, les victimes féminines de la
canicule ayant é&é en moyenne de dix ans plus &gées que les victimes masculines
(respectivement, 85 et 75 ans). Encore convenait-il de démontrer que les victimes de la
canicule étaient effectivement représentatives de I'ensemble des personnes de méme sexe et
age au moment de la vague de chaleur. Ce fut I'objectif de la seconde série d'analyses menées
dans le cadre de ce sous-projet.

Analyse de /'effet de moisson

La question d'un possible effet de moisson est particulierement pertinente compte tenu du
niveau remarquablement faible de la mortalité en 2004. Nos estimations ont en effet montré
que le déficit atteignait 26 000 décés sur le total d'environ 550 000 déces attendus pour
I'année. Une relation directe a été établie dans la littérature scientifique entre la sur-mortalité
de 2003 et la sous-mortalité de 2004, relation attribuée par les auteurs a I'existence d'un fort
effet de moisson (voir notamment les travaux de I'équipe d'’André Valleron, 2004).

L'effet de moisson (harvesting effect ou frailty effect en anglais) consiste en une sélection des
plus faibles par la mortalité au cours d'un événement particulier (ici la canicule) qui se traduit
par une sous-mortalité pendant |a période suivante. L'idée est que la canicule aurait fauché les
individus les plus faibles dont |'état de santé était fragile avant la canicule et qui seraient morts



de toute fagon dans les semaines ou mois suivants en I'absence de vague de chaleur. La
difficulté est d'estimer cet effet en |'absence dinformation sur |'état de santé ou tout autre
marqueur de fragilité pour les victimes de la canicule. Nous avons donc été contraints
d'estimer |'effet de moisson par des méthodes indirectes.

Nous avons suivi trois approches complémentaires. La premiére approche est une analyse au
niveau national de la structure par sexe et année d'ége des victimes de la canicule selon la
période de décés. En supposant I'existence d'un effet de moisson et une relation entre la
fragilité des individus et leur &ge, nous avons testé I'existence d'une différence dans la
structure par année d'age des victimes de la premiéere vague (1-10 aolt 2003) et celle des
victimes de la deuxiéme vague de la canicule (11-20 ao(t 2003). Les analyses n‘'ont en fait
montré aucune différence dans la répartition par &ge des victimes des deux vagues successives
de la canicule, suggérant |'absence d'un effet de moisson a court terme, sous |’ hypothese
d’ une association entre fragilité constitutionnelle et &ge.

L a seconde approche adoptée consistait a examiner dans le détail I'évolution de la mortalité au
cours des semaines et des mois qui ont suivi I'épisode de chaleur, I'existence d'un effet de
moisson supposant en effet une relation entre la sur-mortalité liée a la canicule et une sous-
mortalité qui aurait caractérisé la période suivante. En fait, nos résultats ne montrent aucun
"creux" dans la mortalité de la période qui a suivi immédiatement la crise: la mortalité a
retrouvé son niveau "normal” dés le 20 ao(t et les déces des mois de septembre, octobre,
novembre et décembre 2003 n'ont pas été inférieurs au nombre attendu en I'absence de crise.
En revanche, une sous-mortalité significative a été observée dés le mois de janvier 2004. La
sous-mortalité sest poursuivi trés régulierement au cours des mois suivants, si bien que fin
juillet, le déficit de déces atteignait 15 000, soit exactement le nombre de victimes de la
canicule, si bien que certains collegues 'y ont vu la preuve d'un effet de moisson. Dans ce cas,
on aurait di voir la mortalité retrouver son niveau "normal" a partir du mois d'ao(t, or celan'a
pas été: le déclin sest poursuivi pendant les cing mois suivants, soit jusqu'a la fin décembre
2004, voire au cours de |'année 2005, nonobstant |'épidémie tardive de grippe qui a frappé le
pays en février-avril 2005. Dans la mesure ou la sous-mortalité massive des années 2004 et
2005 va bien au dela du nombre de déces directement attribuables ala canicule, il est difficile
de voir unerelation directe entre les deux phénomenes.

La troisiéme approche adoptée pour explorer I'existence d'un éventuel effet de moisson
reposait sur I'hypothése d'une relation systématique entre la sur-mortalité liée a la canicule et
la sous-mortalité de I'année 2004 au niveau des départements. Les résultats de ces analyses
montrent que, a l'exception des sept départements qui ont été les plus touchés par la crise de
2003, situés en lle de France et dans la région Centre du pays, et dans lesquels on peut
considérer qu'il y abien eu un effet de moisson, aucune relation ne peut étre mise en évidence
dans les quelques 90 autres départements de France métropolitaine entre la crise sanitaire
d'ao(t 2003 et la faible mortalité des mois suivants. En conséquence, hous Ssommes amenés a
considérer qu'environ 4 000 des 15 000 victimes de la canicule n'auraient effectivement peut-
étre pas vécu plus de quelques mois en I'absence de canicule du fait de leur état de santé
dégradé avant méme I'épisode de chaleur, mais les quelques 10 000 autres victimes auraient
sans doute vécu de nombreuses années, environ autant que le nombre moyen d’ années a vivre
pour |’ ensemble des personnes de méme sexe et age épargnées par la crise, soit, comme nous
I'avons mentionné plus haut, 8 ans en moyenne pour les femmes et 11 ans pour les hommes.

Les analyses relatives a cette étape du projet étant aujourd'hui achevées, les semaines a venir
seront consacrées a la finalisation du texte qui sera prochainement soumis pour publication a
une revue scientifique international e & comité de lecture.



2. Lamortalité due aux écarts prolongés de tempér ature au 20% siécle

La canicule d' aolt 2003 n’'est pas le premier épisode de forte chaleur en France. Au 20°
siecle, les précédents sont survenus en 1911, 1928, 1947, 1957, 1976 et 1983 (Besancenot,
2002 ; InVs, 2003). Mais, parmi les épisodes qui provoquent un grand nombre de déces, il
existe des étés chauds dont I’ effet sur la mortalité est discret, mais bien réel, tels recemment,
ceux des années 1990, 1994, 1995 et 1998.

L’ objectif de cette deuxiéme étape du projet est de décrire I’ évolution séculaire de la mortalité
due aux écarts de température prolongés au 20° siécle :
- d apres les causes de déces qui lui sont liées, causes initiales, mais aussi, quand
c'est possible, causes contributives (disponibles au moins depuis 1979), en
relevant les causes associees,

- et d’ apres le croisement des relevés de température de I’ air a Paris-Montsouris, et
en province avec la statistigue mensuelle des déces, croisement qui permet
d évaluer le nombre de déces dus aux températures extrémes au fil du temps.

Les changements de I’age au déces (autrefois plutdt des enfants, aujourd hui plutét des
personnes agées) seront observés en distinguant I’ effet de la variation de la structure de la
population des autres effets.

On s efforcera de séparer, s'il y alieu, les déces précipités par les écarts de température, des
déces véritablement prématurés qui mettent fin a des vies promises a durer sans I’ interruption
provoguée par le phénomeéne climatique.

On <Sinterrogera enfin sur la permanence ou les variations de la relation entre écarts
climatiques et mortalité, par delales modifications relatives al’ &ge, ainsi que sur une possible

évolution de la température en France au 20° siecle. Les détails de ce deuxieme sous-projet
sont présentés plus spécifiquement al'annexe 4 du présent rapport, rédigée par Alfred Nizard.
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ANNEXE 1
PRESENTATION DETAILLEE DESRESULTATS DU PREMIER SOUS-PROJET

Effetsalong terme dela vague de chaleur d'ao(t 2003 sur la mortalité en
France (texte prépar é pour la conférence de la Population Association of
America, 29 mars-1% avril 2006, L os Angeles)
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and

Magali Barbieri
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THE MORTALITY IMPACT OF THE AUGUST 2003 HEAT WAVE IN
FRANCE

Laurent Toulemon and Magali Barbieri
(INED, France)

In August 2003 Western Europe suffered from a deadly heat wave. An estimated 15,000
people died in France from the direct effect of the heat wave. Applying an indirect
estimation technique to the monthly number of deaths by sex, age and place of residence
for the period 1997-2003, a method that can easily be reproduced in other contexts, we
estimate the number of years that would have remained to those who died from the heat
wave had they been spared. The paper also evaluates the role of the 2003 heat wave
"harvesting" effect in explaining the deficit of deaths recorded in 2004 (estimated at 25,500
out of atotal expected 533,000 deaths).

In August 2003, France suffered from an unprecedented heat wave with temperatures
reaching the high 30s in Celsius degrees for a record of fifteen successive days and little
difference between day- and night-time. Consequences were deadly for the population: an
estimated 15,000 of the total 56,500 deaths recorded during that month have been attributed to
the direct effect of the heat wave (Hémon and Jougla, 2003). The crisis had a major socio-
political impact with the calling into question of the responsibility of the highest authorities,
leading to the resignation of the Minister of Health and the transfer of a number of high-
ranking officials in that ministry, as well as the organisation of the French health care system
and the responsibility of individual families. The outrage was such that major resources were
promised by the government to prevent such a crisis to occur again in the future (Abenhaim
2003).

A Dbetter understanding of the crisis was regarded as the first step to designing effective
preventive measures and numerous reports were requested from specialised agencies though
there is a paucity of scientific articles based on the analysis of basic demographic data. This
paper specifically aims at describing the demographic characteristics of the victims of the
August 2003 heat wave in France and at measuring its long term mortality impact. One aspect
of the debate in the literature centred around the question of whether those who died were
particularly vulnerable persons who were expected to live only a few more days or weeks
independently from the heat wave or whether the heat wave killed randomly among the
general population. Considering that this issue has not yet been properly addressed, an
additional purpose of this paper is to estimate to which extent the unusually low mortality
recorded in 2004 is the result of an harvesting effect of the August 2003 crisis.

After providing some background on the French heat wave of August 2003 and demonstrating
how unusual this episode has been in the demographic history of the past thirty years, the
paper describes the specific hypotheses investigated in the analyses as well as the data and
methods used. It then presents the results of the statistical analyses and ends with a discussion
of the findings.

Background

Summer 2003 reached record high temperatures for an unusual number of days in all of
Western Europe. Large excess mortality has been attributed to the heat wave in a number of
countries, including in addition to France, Italy, Spain, England and Wales, Belgium,
Germany, Portugal, The Netherlands and Switzeland for a total approximating 45,000 to
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50,000 deaths, depending on the method of estimation (Fischer, Brunekreef and L ebret, 2003;
Garssen, Harmsen and de Beer, 2005; Grize et a., 2005; Johnson et al., 2005; Kosatsky,
2005; Kovats, Wolf and Menne, 2004; Nogueira et a., 2005; Pirard, 2003; Simon et a.,
2005). In addition to being one of the hardest hit countries, second only to Italy where the
heat wave killed 20,000 people according to the latest estimate (Istituto nazionale di statistica,
2005), France was characterized by a crisis much more concentrated in time than in some
other countries. In Italy for instance, the victims were killed over a four months period, from
June to September, with only half of all excess deaths in August. By contrast, in France, the
15,000 victims died over a two weeks period. This abruptness partly explains the lack of
immediate public health response. The unpreparedness is also understandable considering the
very unusual character of the episode. Indeed, neither France, nor any other developed
country, has ever experienced a heat wave related mortality crisis on such a scale over the past
fifty years (for the United States, see for instance Greenough et al., 2001, and Semenza et al.,
1996).

Historical comparison

The August 2003 heat wave was clearly unusualy intense. A recent study ordered by the
French Government to determine temperature thresholds at which to trigger a health aert and
activate a hot weather response plan found that, in Paris for instance’, the best indicator was a
succession of three days with all minima above 20 Celsius degrees and al maxima above 35
Celsius degrees (Invs, 2004). When looking back since January 1st, 1880, the first day of
operation of the Paris meteorological station up to the present, one found a total of only six
qualifying episodes but while the August 2003 episode lasted for an entire ten days, the next
longest one (which took place in 1957) lasted for six days. In the Paris metropolitan area, the
most severely hit region in 2003, temperatures reached a high of 35 Celsius degrees during
day-time starting on August 3 and they remained above that level until August 14 when they
declined below 30. Throughout this period, the lowest temperatures recorded at night never
fell below 20, preventing a complete physiological recuperation to occur.

As indicated on Figure 1, which shows the number of deaths during the months of July and
August over the past 30 years in France, other such episodes have occurred in the past but
never with as strong an impact: in 1976 as in 1983, the number of extra deaths can be
estimated at around 5,000 deaths’. In other Western countries, none of the Summer heat
waves recorded over the past thirty years had killed more than 2,000 people before the 2003
episode (Institut national de veille sanitaire, 2003). The most documented one was
undoubtedly the Chicago heat wave of 1995 to which fewer than 800 deaths were attributed
(Klinenberg, 2003 ; Benbow, 1997).

! The study also found that levels of minima and maxima temperatures showing an association with excess
mortality vary from region to region.

2 These numbers are estimated using the same methodology as the one leading to an estimated 15,000 excess
deaths during the Summer 2003, i.e. by comparing the observed number of deathsin July and August of each
given year by the mean number of deaths during the same months over the three preceding years. See aso
(Besancenot, 2002).
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Figure 1. Number of deathsin July and August from 1970 to 2005. France
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Source: Beaumel, Richet-Mastain and Vatan, 2005.

Characteristics of the French 2003 heat wave

Such a large number of excess deaths as that recorded in France in August 2003 is clearly
unusua during the Summer months in Western countries. Indeed, the month of August
appears as the month typically characterised by the lowest level of mortality in recent
demographic history (Figure 2). By contrast, it is not uncommon to observe episodes of large
excess mortality during the Winter months in France as in other Northern countries. When
looking at detailed mortality trends, episodes of excess of around 10,000 deaths due to flu
epidemics are far from unusual. Part of the reason why these episodes do not €elicit public
outrage as did the August 2003 crisis is probably that they are expected and accompanied by
much public health warning and encouragement for the elderly to get vaccinated so that
public opinion feels that the government has done its job, but probably also because of their
very diffuse impact, since the deaths attributable to flu epidemics are usually spread over
several weeks or months. By contrast, the 2003 episode took everyone by surprise, in large
part because of its suddenness, as the 15,000 excess deaths occurred over afifteen day period,
from August 4 to August 18 (Figures 3 and 4).

17



Figure 2. Total number of deaths per month, January 1990 to December 2005, France
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Figure 3. Number of deaths per day in August 2003 compared with the mean daily number of
deaths during the months of August 2000 to 2002 (France)
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Figure 4 presents the daily number of deaths in France main cities. It shows that deaths are
indeed more numerous during Winter but also that many Summers are characterized with a
few days when the number of deaths is significantly higher than average. However, the 2003
heat wave appears truly exceptiona for two reasons. the maximum number of deaths reached
more than four times the usual number of deaths, and the number of days with an excess
number of deathsisremarkably large since the heat wave lasted for two entire weeks.

Figure 4. Number of deaths per day in 28 major cities of France, 1970 to 2003
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Another characteristic of the 2003 mortality crisis is its high geographic concentration. As
indicated by Map 2, only a relatively small number of départements® were hit, though those
happened to be disproportionately populated. Indeed, the four départements with the highest
excess mortality, that is more than 85% excess deaths during August 2003 compared to
August 2000 to 2002, include 10.5 percent of France total population but more than 25
percent of al excess deaths. These four départements are located in the Paris metropolitan
area (départements number 75, 92, 93 and 94). The geographic concentration of the health
crisis is particularly striking considering the relative lack of correlation between objective
measures of temperatures and excess mortality. Though all the départements in which a
significant level of excess mortality was recorded also experienced record-high levels of night
and day temperatures during that period, there is also a number of départements which
experienced higher levels of temperature for a longer duration but hardly any excess
mortality, in the South of France in particular. Excess mortality by département appears better
correlated with excess, rather than absolute, temperature (Fouillet et al., 2005; Invs, 2004). A
progressive gradient in excess mortality is observed with an increase in the number of days,
from one to more than eight, when day and night time temperatures respectively reached 9
and 5°C above the average for a month of August (Maps 1 and 2). Map 1, showing excess

¥ Mainland France includes atotal of 95 départements, the département being one of the most basic
administrative units.
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mortality by départements, overlaps quite well with Map 2, showing excess rather than
absolute temperatures during the heat wave.

Map 1. mortality ratio by département Map2. Number of days when minimum and
in metropolitan France, maximum temper atures ar e respectively
from 1st to 20th August, 2003 5°C and 9°C over the usual temperatures
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Source: reprint from Fouillet et al., 2005, figures 1 and 3.

Thelong term mortality impact of the 2003 heat wave in France

The primary purpose of our research is to evaluate the long term mortality impact of the 2003
heat wave in France. The mortality consequences of the heat wave depend on how many
people died altogether from the heat wave and on how long would have lived those who died
during the heat wave, if they did not die during that period. The first part of the issue is
relatively ssmple and has been readily assessed with an agreement on the number 15,000
using a range of different techniques, from the most rudimentary to the most sophisticated
(Hémon and Jougla, 2003; Rey et al., 2005). The second part of the issue is more complex
and requires the implementation of elaborate techniques of analysis and the examination of a
minimum of two alternative hypotheses.

The first hypothesis is that the heat wave killed indiscriminately among the overall
population. We already know that this is not sustainable considering the high concentration of
heat wave victims in the highest age groups. Less than a month after the crisis, a preliminary
analysis conducted on selected death records showed that over 80 percent of the heat wave
victims were 75 years and older (Hémon et Jougla, 2003). Further research supported this
finding (Canoui-Poitrine, Cadot and Spira, 2005 ; Invs, 2003 ; Rey et a., 2005). If anything,
the heat wave killed disproportionately among the elderly. We also know that, by contrast
with heat wave mortality in the United States, the mgjority of the August 2003 heat wave
victims were women (Besancenot, 2002 ; Klinenberg, 2003). Our first hypothesis thus
requires some specification, which is that age and sex alone are correlated with the probability
of dying during the heat wave. In other words, we speculate that age and sex groups are
homogeneous, i.e. that the heat wave victims would have lived as long as their peersin the
same age and sex group in the absence of the heat wave. If the heat wave killed at random,
those who died due to the heat wave were expected to live as long as those of the same age
and sex based on the current life table for France. The number of years of life lost under this
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hypothesis is ssimply the sum of the expectations of life as it can be calculated for a cohort
with the same sex and age characteristics as the victims, starting in August 2003 and under
the mortality conditions assumed in the absence of the heat wave.

The second, alternative, hypothesis is that, due to unobserved heterogeneity, those who died
during the heat wave would have died sooner than those who did not in their age and sex
group even without the heat wave, due to poor inherent health status prior to August 2003.
This is the harvesting hypothesis. The harvesting or frailty effect is defined as a selection
effect of mortality among the frailest individuals such that the heat wave victims were fated to
die within weeks or months of August 2003 in the absence of the heat wave. The operation of
a harvesting effect is typically identified by alower than expected number of deaths following
amortality crisis. Indeed, if there is a harvesting effect due to differential frailty, the deaths of
the frailest temporarily inflate the number of total deaths during the crisis. By contrast,
immediately after the crisis has passed, the total number of deaths is below the long run
expected number due to the advancement of the victims demises, so that there is a
compensation in terms of mortality between the crisis period and the following period before
the level of mortality returns to normal. The question of a possible harvesting effect is
particularly relevant in the case of the French August 2003 episode given the remarkably low
level of mortality recorded in 2004.

Most observers have assumed a correlation between the high mortality recorded in Summer
2003 and the low mortality of 2004 but statistical analysis of vital registration data has been
scarce. Based on the analysis of data truncated to the month of June 2004, the point at which
the number of deaths "missing” in 2004 equals that of the heat wave related victims, i.e.
15,000, the one study to have investigated the issue in France concluded to the full operation
of a harvesting effect (Valleron and Boumendil, 2004). We find this conclusion unconvincing
considering that its only basis is the coincidence between both numbers and since "missing”
deaths continued to accumulate during the second part of 2004 to reach about 25,500 deaths
over a total annual number of 535,000 deaths. The problem however is difficult to tackle
given the lack of information about the health condition or any other indicator of frailty for
the heat wave victims®. Indirect methods have to be implemented to explore this hypothesis.
We investigated the two alternative hypotheses using civil registration data and implementing
three different approaches. The first approach derives from the idea that the frailest should
have been the first to die during the two weeks long heat wave, so that victims during the first
week of the heat wave had different characteristics than those of the second week. In the
absence of information about prior health status of the victims, we decided to first assume a
relationship between high age and frailty, in which case we would expect to find differences
in the age structure of the victims of the first part of the heat wave, let’s say those who died
up to August 10, and the victims of the second part of the heat wave, those who died after
August 10. Testing this assumption requires to estimate the detailed age and sex distribution
of the heat wave victims by day of death. This estimation aso feeds the second approach
based on the examination of the age and sex distribution of the deaths “missing” during the

4 A study conducted by Social Security found that the consumption of pharmaceutical drugs during the five
months prior to the heat wave was significantly higher for people aged 70 and above who died in August 2003
than for people in the same age group who survived the crisis (CNAMTS, Direction des statistiques et des
études, 2004), a result that tends to be used by proponents of the harvesting hypothesis to support the idea of a
greater frailty of the heat wave victims compared to their peers. However, there is no reason to believe that such
afinding is specific to the heat wave victims. Indeed, it is likely that all of those who die at any one point are
greater consumers of pharmaceutical drugs during the few months prior to their death than others in their age
group. Furthermore, since the study included all of those who died during the month of August 2003, both from
the heat wave and independently from the heat wave, it is aso possible that the over-medication applies to the
later rather than to the former. We thus do not consider this study to be a scientifically rigorous argument in
favour of the harvesting effect.
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following months. The idea is that, if one can indeed assume the operation of a harvesting
effect, mortality during the period after August 2003 should be disproportionately low in the
sex and age groups most affected by the heat wave. The third approach is based on the same
line of reasoning but investigates the correspondence between the geographic rather than
between the demographic characteristics of the August 2003 mortality crisis and the low
mortality of the following months. The data and techniques implemented to follow all three
approaches are described below in details.

Data

Individual records of death with information on day, month and year of occurrence as well as
year of birth, sex and département of residence (the basic French administrative unit) of the
deceased has been provided to us for the period 1996-2003 by the Institut National de la
Satistique et des Etudes économiques (Insee), the institution in charge of collecting and
analysing civil registration data in France. These data were made available to us in an
electronic format®. We aso used life tables published by Insee for France for the periods
1997-1999 and 2000-2002 as well as the distribution of the French population by sex and year
of age on January 1% 2003 and January 1% 2004. As no reliable data is yet available at the
individual level for 2004, we used the monthly total number of deaths by département for
2004. For obvious reasons, we excluded from our analyses the French overseas départements.

Methods

The basis of our analyses is a comparison of observed and expected mortality, both during the
heat wave and during the following months. The comparison was carried out separately by
age and sex, on the one hand, and by département of residence, on the other. The technique
applied in studies and reports previously published on the mortality impact of the August
2003 heat wave was fairly rudimentary. It considers that the number of deaths expected for
each month under study, whether just before, during or after the heat wave, is equal to the
mean number of deaths during the same month for the three years before the crisis, i.e. 2000,
2001 and 2002. This method robustness has been demonstrated for estimating the total
number of deaths by month and département, as the estimates of local population size
available are not precise enough to alow for the implementation of more sophisticated
technigues (Hémon and Jougla, 2003).

Estimating the age and sex structure of total number of deaths expected for 2003 and 2004

This method is attractive by its simplicity, but it is not appropriate for an estimation of
expected deaths by age and sex, due to the irregular shape of the French age pyramid
(Figure5). These variations reflect France demographic history over the past century.
Because the heat wave killed mostly among the elderly, the impact of the First World War on
the age pyramid is particularly detrimental. Indeed, the main demographic impact of the war
was to prevent and delay a large number of births so that those cohorts born in 1915-1919 are
particularly small. Individuals aged 83 to 87 on January 1st, 2003 are consequently much
fewer than those in the surrounding age groups. Consequently, we cannot limit the analysis to
a comparison of the mean number of deaths in 2000-2002 with August 2003 for each sex and
single year of age as previous studies have done for large age categories (Hémon and Jougla,
2003 for instance) but need to take into account the large independent variations in the size of
the population at risk.

®> We thank our colleages Catherine Beaumel, Aline Desesquelles, Guy Desplanques and Lucile Richet-Mastain,
from Insee, Département de la démographie, for having provided us with all the data used in this paper.
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Figure 5. Population pyramid at 1-1-2003. France
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Source: Beaumel, Richet-Mastain and Vatan, 2005.

A second, more elaborated, technique thus had to be used. We first projected the trends in the
probability of death for each sex and year of age from the 1997-1999 to the 2000-2002 life
table. We are fortunate that mortality trends in France are fairly smooth compared to other
European countries, such as Italy. In the latter, the reference period used to estimate the
expected number of deaths during Summer 2003 in the absence of the heat wave has a
considerable impact on the estimated number of heat wave victims, hence the large variations
in the number of victims successively announced, from less than 8,000 to about 20,000
(Istituto Nazionale di Statistica, 2005). In France, by contrast, the estimated number of heat
wave victimsis very robust: it falls very close to 14,800 whether a rudimentary technique or a
more sophisticated one, such as that described here, isimplemented. The number of deaths by
sex and age for all of 2003 was estimated by applying the projected probabilities to the
population by age and sex on January 1% 2003. For 2004, the same method was used, i.e.
continuing the trend in the probabilities of death from 1997-1999 to 2000-2002 all the way to
2004, but the probabilities were applied to the population by age and sex on January 1% 2004
corrected for the heat wave deaths. More specifically, we added the heat wave victims to the
number of people alive on January 1% 2004 for the age group they would have reached by
then since the purpose of the calculation is to estimate the number of deaths that would have
been recorded in 2004 in the absence of the 2003 heat wave crisis.

Estimating the monthly number of deaths by age and sex in 2003 and subsequently

To calculate the monthly number of deaths by sex and age rather than for the whole year, we
further refined our estimates of the expected number of deaths per month by single year of
age and sex by taking trends in seasonality into account. Indeed, analyses not showed here
indicate that, though the level of mortality during Summer monthsis typically lower than that
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of Winter months and variations from one Summer to the next are relatively small,
notwithstanding the 2003 episode, compared to variations from one Winter to another,
deviations from the average tend to decline over time for Winter while this is not the case for
Summer. Consequently, the proportion of deaths expected in August 2003 if the heat wave
had not occurred would have been larger than that calculated for the previous years. Trendsin
seasonality were incorporated into our calculations using a log-linear regression on death
probabilities at each sex and age, using three-year period life-tables by month (1997-1999 and
2000-2002) published by the Insee, to extrapolate the monthly probabilities of death by sex
and age in 2003 by years of age. The implementation of the mortality projection to the
population on January 1%, 2003 thus carried out produced a number of deaths by age and sex
for every month from January 2003 to December 2004 for France as a whole. For 2005,
provisional data is available for the monthly total number of deaths but not by age and sex,
nor by département.

Estimating the expected number of deaths in each départements in 2003 and 2004

Ideally, we would have liked to also estimate the number of deaths by age and sex in each
département but the aforementioned data constraints did not allow us to take age and sex into
account at that geographic level so that spatia analysis was carried out on the comparison
between the expected and the observed overal number of deaths by département using the
rudimentary technique rather than the sophisticated one. More specifically, to estimate both
the number of excess deaths in August 2003 and the deficit of 2004 at the level of the
départements we resorted to the rather crude method of estimation based on the comparison
between the total number of deaths recorded in August 2003 and the mean number of deaths
recorded in August 2000, August 2001 and August 2002 (used as the expected number of
deaths) in each départements ®. Similarly, the degree of under-mortality in the months
following the heat wave was estimated by comparing the total number of deaths from
September 2003 to the end of 2004 with the adjusted mean number of deaths in 2000, 2001
and 2002 in each départements.

Size effects at the département level were further controlled by using a scaling factor where
indicated in the rest of the paper. Scaling was carried out by dividing both the excess deaths
of August 2003 and the missing deaths of the subsequent months by the mean monthly
number of deaths in each départements during the 2000-2002 period. This technique allows
for a direct comparison of the over-mortality of the heat wave and the under-mortality of the
following months between départements independently from their demographic weight. This
is particularly useful considering that the heat wave related mortality crisis disproportionately
hit those départements, i.e. located in the lle de France region, which happen to be the most
populated. The technique was more specifically implemented as follow.

L et us consider one département :

D(mt) isthe number of deaths during month m of year t.

"base" refers to the period 2000-2002, so that D(m,base) is the mean number of deaths during
the month(s) m of 2000-2002.

D(base) is the mean monthly number of deaths in 2000-2002 .

Xisthe difference between the number of deaths during August 2003 and the usual number of
deathsin August: X=D(8,2003)-D(8,base).

Y is the difference between the number of deaths from September 2003 to December 2004
and the usual number of deathsin that period, so that:

Y=D([9,2003] to[12,2004]) - D([9,base] to[12,base]) - D([ 1,base] to [12,base])

® This method has been proved to be robust at the département level, compared to more sophisticated methods
based on populations and probabilities of death by sex and age (Hémon, Jougla 2003).
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Y and X are scaled by the mean number of deaths:

x=X/ D(base) and y=Y / D(base).
x and y are then directly comparable, so that if we assume a complete harvesting effect (and
no other change), then:

y=-X

Results

Age and sex characteristics of the August 2003 heat wave related deaths

Our projection method yielded an estimated 14,748 deaths attributable to the heat wave, a

number very close to the 14,802 deaths cal culated with the more rudimentary technique based

on the mean number of deaths for a month of August in the three years prior to the crisis. Our

estimation represents an excess of 35% over the number of deaths expected for August 2003.
Table 1. Heat wave victims by sex and age group

Number of heat wave victims Percent distribution

Age group

Male Female  Total Male Female Total
0-9 19 -15 4 0,36 -0,15 0,03
10-19 -3 -20 -22 -0,05 -0,21 -0,15
20-29 40 -16 24 0,76 -0,17 0,16
30-39 109 -35 74 2,07 -0,36 0,50
40-49 246 58 304 469 0,61 2,06
50-59 343 228 571 6,55 2,40 3,87
60-69 551 456 1007 10,52 4,80 6,83

70-79 1326 1888 3214 2532 19,85 21,80
80-89 1849 3 593 5442 35,29 37,78 36,90
90 and over 759 3371 4130 14,49 3545 28,01

Total 5238 9509 14 748100,00 100,00100,00
Note: the projection technique implemented is described in details in the methodological
section of the paper.

The two most striking features of the crisis are that it killed disproportionately among elderly
and among women: about 85 percent of the victims were aged 70 and over (93 percent for
women, 75 percent for men) and above 65 percent were women (Table 1). The over-
representation of women among the heat wave victims is to underline not only because of its
scope but also because it is opposite to what was found in some others of the most
documented heat wave mortality crises, such as in the United States (Benbow, 1997;
Besancenot, 2002). Our detailed analysis shows that the large sex differential found in France
is, for the most part, not due to the differential age structure of the male and female
populations, i.e. it is not due to the fact that women are increasingly over-represented as age
goes up due to their higher life expectancy than men. Indeed, when standardizing by exact
year of age, the difference is only dightly reduced, so that women still account for 60 percent
of al excess deaths. As indicated by Figure 6, showing the ratio of the actual to the expected
probabilities of death by sex and year of age in August 2003 and its associated 5% confidence
interval, the sex differential is mostly significant after age 60 and increases progressively
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afterwards’. Among women, mortality appears to be significantly higher than expected at ages
above 45, and the ratio increases regularly thereafter, from 1.2 at 50 to 1.6 at 85. Above 50,
excess mortality is smaller for men: itis 1.2 at 70 and 1.4 at 85. Between the ages of 30 and
45, male mortality is 20% higher than expected, while no significant difference is found for
women. Before 30 years of age, the ratios are not significant with the possible exception of
infant male mortality®.

Figure 6. Ratio of observed to expected probabilities of death
by sex and age in August 2003
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Note: for each age, the curves “Lower” and “Upper” mark the limits of the confidence
interval for the relative risk, under the Poisson assumption, taking into account the seven
years of age moving average.

" Because of large random variations, we smoothed the ratios with a three years of age moving average with
coefficients 0.3-0.4-0.3. Three iterations of this smoothing procedure leads to a seven years of age moving
average with coefficients 0.027; 0.108; 0.225; 0.280; 0.225; 0.108 and 0.027. Variances have been estimated
with the Normal approximation of the Poisson Law and take into account correlations due to the smoothing
procedure. Ratios at age 0 are not smoothed.

® Though one study found a significant excess mortality for male below one, of about 25% for the period of 1-20
August 2003 (Rey et d., 2005), another analysis found no heat wave related mortality among infants during the
same period and only 3 heat wave related deaths specificaly identified among children below 15 (Invs, 2005;
Hémon et al. 2003). Furthermore, findings from Rey et a.'s study are questionable to the extent that the
estimated number of excess infant deaths is 25 with an AR1 model including a fixed monthly factor and the
excess deaths are concentrated in the first days of the heat wave and in the Paris region (Rey et a. 2005). In this
study, the number of excess deaths diminishes to only 18 when seasonality is allowed to vary and no excess
death is found among young girls or boys aged 1-19. In any event, considering the extremely small number of
deaths for infants and young children in an average month of August, no more than 25 deaths out of the total
15,000 or so heat wave related deaths can be attributed to young children.
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Investigating harvesting in the short term

Exploring the harvesting hypothesis, we estimated the age and sex structure of the heat wave
victims for three separate periods, i.e. August 1-10, August 11-20 and August 21-31. In the
centre of the country, where the crisis was most severe, the heat wave covered the period from
August 4 to August 18, so that the first two periods in our study correspond roughly to,
respectively, the first and the second stage of the episode and the third to its immediate
aftermath. If afrailty effect related to age had been operating, we would expect the frailest,
assumed to be the oldest, to have died first, followed during the later days of the heat wave by
less frail, thus younger, victims. Under the harvesting hypothesis, we thus expected to find
that those deceased during the first ten days of August to have been older on average than
those who died during the following ten days. Similarly, the structure of mortality for the last
days of August, that is after the heat wave, should have been even younger than expected
since some of the elderly at risk would have died during the first three weeks of the month.
The comparison is based on the mean daily number of deaths by sex and age expected in
August 2003 when projecting the trends in the probabilities of death observed from 1997-
1999 to 2000-2002 following the technique based on death probabilities estimates described
in the previous section. Figure 7 represents the overall distribution of estimated daily excess
deaths by age and sex and for each of the three time periods. Excess deaths were grouped by
5-years of age to facilitate comparison between the three time periods.

Figure 7. Daily number of heat wave related deaths (O-E) by sex, August 2003
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The results provide evidence against the frailty hypothesis to the extent that the distribution of
deaths by sex and age for the first ten day period of August 2003 is not significantly different
from that of the following ten day period. Compared to an expected daily number of deaths of
1,340 (see Figure 2), the excess reached a daily mean of 650 and 800 deaths during the first
ten days of August and the ten following days, respectively. The mean age at death is 75 and
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76 years for men during, respectively, the first and the second of these two periods and it is
85 years for women during both periods. Furthermore, the distribution of deaths by sex and
age during the later ten days of August, after the end of the heat wave crisis, shows no
difference with the expected distribution while we would have expected fewer deaths in the
age groups most affected by the heat wave under the harvesting hypothesis.

We recognize, however, that one can readily argue that frailty is, to some extent, independent
from age so that those people who died during the first few days of the heat wave were indeed
more vulnerable than those who died later but a comparison of the deceased in both periods
based on age and sex only is unable to distinguish between the frail and the robust. An
alternative hypothesis would be that some harvesting did occur, but that it was fully
compensated by delayed deaths, some people having been weakened by the heat wave and
dying in the aftermath of the crisis and earlier than they would have otherwise. If such
delayed deaths did occur in the days or months after the heat wave, the harvesting effect could
be difficult to isolate in the short term.

Investigating harvesting in the long run

To further investigate this issue, we compared the number of deaths for every single month of
2003, 2004 and 2005 with that recorded during the same month of the previous three years.
Figure 8 presents the cumulated number of deaths from January 2003 to December 2005,
compared to the mean for the corresponding months of 2000-2002. In January and February
2003, the number of deaths was smaller than in the same months of 2000-2002, and nearly
5,000 fewer than expected desths were counted. From March to July, however, the monthly
number of deaths was a little larger, so that by the end of July 2003 the cumulated number of
deaths was very close to the corresponding figure for 2000-2002. After August 2003 and its
15,000 excess deaths, the numbers of deaths in September, October and November were very
similar to the previous years. In December, we find an excess 3,000 desths, so the cumulated
number of excess deaths reached a maximum of 18,000 at the very end of the year 2003. In
2004, the smaller than expected level of mortality is clear and uniform. In every single month
of that year the number of deaths was lower than the mean for the same months of 2000-2002
so that by the end of 2004 the deficit reached a total of approximately 25,500 deaths, thus
representing an over-compensation of nearly 8,000 for the heat wave crisis and the additional,
smaller, December 2003 mortality peak. Mortality was again lower than expected throughout
2005, except for the months of February and March, when it rebounded. The overal deficit
from January 2004 to December 2005 was twice as large as the excess mortality of August
2003, suggesting that after the August 2003 crisis, the “normal” level of mortality had become
significantly and possibly permanently lower than prior to the crisis.

Flu epidemics explain most of the month-to-month fluctuations in mortality during the period
2003-2005, except of course for the August 2003 episode. Flu epidemics in France typicaly
spread over the entire Winter season, from December to February but with a calendar that is
not uncommonly shifted early or late, depending on the year. Winter 2002-2003 was in
particular one of the few recent Winters exempted from the epidemics, so that there were
hardly any flu deaths in January and February 2003 compared to the previous years. This
pattern explains the lower than expected level of mortality recorded in the early months of
2003. In the following Winter, that is Winter 2003-2004, flu occurred in the early season so
that December 2003 exhibited a high level of mortality relative to the previous years while
mortality was lower than usual in January and February 2004. It is possible that the relatively
small number of flu victims in the early weeks of 2004 results from the unusually small size
of the population at risk due to the heat wave crisis but that would not explain why mortality
was continuously lower than expected from previous mortality trends throughout the rest of
2004 and up to the end of January 2005. A flu epidemics took place in February and March
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2005, later than in typical Winters, which accounts for the increase in mortality during those
two months. Data are not yet available to comment on the flu epidemics for the 2005-2006
Winter season.

Figure 8. Monthly cumulated number of deaths,

relative to the same months of years 2000-2002
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The main conclusion at this point is that we do not find any clear evidence of harvesting. If
there has indeed been a harvesting effect following the August 2003 heat wave, this effect
must have been spread over a period of several months, up to the end of 2004 at a minimum.
The hypothesis of a “lagged” harvesting is not likely. It would imply that harvesting began at
the end of 2003 but was compensated by some excess deaths of people who suffered from the
heat wave and died in the subsequent months. If the 2004 decline in mortality is attributed to
harvesting, then around 5,000 excess “delayed” deaths in September to December 2003 must
be attributed to the heat wave. Nevertheless, harvesting would also have taken place in 2004
for these “delayed” deaths, as the total cumulated number of excess deaths becomes negative
during that year. Consequently, we compared the demographic characteristics and the
geographic location of the heat wave victims with those of the “missing” deaths for the entire
year 2004 and chose not to concentrate only on the first half of 2004 up to the point when full
compensation occurred.

Age and sex characteristics of the " missing” deaths of 2004

Figure 9 shows how deaths "missing” in 2004 are distributed by sex and age. It indicates that,
for men, their number is way above that of the number of heat wave victims for every single
year of age from about 17 to 88 and, for women, the gap is even larger, starting at 65. In other
words, though the age and sex structure of the deaths "missing" in 2004 roughly mirror that of
the heat wave related deaths, their absolute number is far higher than that of the August 2003
victims for each sex and for nearly all years of age. At this point, we cannot thus dismiss the
possibility that the deaths "missing” in 2004 include all of the heat wave related deaths in
addition to others, of unknown origin. To further investigate this issue, we thus analyzed the
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geographic correlation between excess mortality in August 2003 and deficits in mortality in
the following months.

Figure 9. Distribution by sex and age of heat wave related deaths (August 2003) and of the

missing 2004 deaths
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Note: Data by age have been smoothed with a moving average (coefficients 0.3-0.4-0.3)

The construction of a distribution by sex and year of age of the heat wave related victims let
us estimate the number of years lost under our first hypothesis, that is assuming no frailty
effect, i.e. those who died during the heat wave would have lived as long as those who did not
in the same sex and age groups.

Number of years/ost to the heat wave

The 15,000 persons who died because of the heat wave were older on average than others
who died in 2003 independently from the heat wave: heat wave related deaths occurred at a
mean age of 81.4 (75.6 for men and 84.6 for women), as against 76.2 (71.8 and 80.7
respectively) for all deaths in 2003. Would these 15,000 men and women have survived in the
absence of a heat wave, we can estimate the occurrence of their deaths, under the assumption
that they would have experienced the same probabilities of deaths as other people in the same
sex- and age-group. Using the life table of 2000-2002 as an estimation of the probabilities of
dying, the heat wave victims had a remaining life expectancy of 7.8 years (9.2 for men and
7.0 for women). Figure 10 shows how these deaths would have been distributed over the
years following the heat wave, starting with the last four months of 2003 (September to
December) and following with each successive 12 months period. Under the "no harvesting”
hypothesis, 530 of the total 15,000 heat wave victims would have been expected to die in the
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period of September-December 2003 and 1,576 deaths during the year 2004, making up a
total of 2,105 deaths. The jump in the curve corresponding to 2004 reflects the fact that many
of the heat wave victims are found in the oldest age groups, in which the probability of dying
within

12-15 months in the 2000-2002 life table is very high. However, if, as we defend, the low
level of mortality in 2004 and 2005 is due to a permanent decline in the probabilities of deaths
compared to the years before 2003, then applying the probabilities of death of the 2000-2002
life table over-estimates mortality during the following years. Taking into account the
ongoing decline in mortality would have lead to alonger expectation of life for the heat wave
victims and would have resulted in alower jump for 2004 in Figure 10. Our estimated number
of years of life lost to the heat wave should thus be regarded as standing at the low end and
we can consider that a larger number of years of life were probably lost if we accept the no
harvesting hypothesis.

Figure 10. Estimated number of deaths of Heat wave related victims had they not die during
the heat wave, assuming homogeneity

1800 "Harvested" heat wave related deaths by year, under the assumption of
homogeneity by sex and age, and constant mortality with time

1600
1400 I[\\
1200 I \ —— Men
1000 T\ -o—Women
I / \ \ — Total
800

o N
o e e N

200 P

2000 2005 2010 2015 2020 2025

Investigating spatial corréations between excess and deficits in mortality

After estimating the number of excess deaths in August 2003 by département, we first
compared it to the number of “missing” deaths from January through July 2004, the period at
the end of which full compensation occurred at the national level.

In the Tle-de-France region, corresponding to the larger Paris metropolitan area, départements
with alarge excess number of deaths also exhibited a large number of missing deaths during
the first part of 2004 (Figure 11) so that the départements of the larger Paris area (75, 78, 91,
92, 93 and 94) fall near the line (y = -x). The city of Lyon (69) exhibits a similar pattern.
However, no such systematic pattern is found for the other départements in which a dramatic
decline in the number of deaths was also recorded during the first seven months of 2004. In
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Northern France (départements 59 and 62), in the South (13, 06) and in the West (76) (Map
2), the under-mortality of the first months of 2004 is much larger than the excess recorded in
August 2003.

Figure 11. Joint graph of excess deaths in January to July 2004 (vertical axis)
and excess deaths in August 2003 (horizontal axis), by département
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Note: the line (y=-x) represents hypothetical full harvesting.

The negative correlation with August 2003 is weaker for the period September to December
2003, as well as for the period August 2004 to December 2004. Looking at the months from
September 2003 to December 2004 as a whole, we obtain the following figure :
Figure 12. Joint graph of excess deaths in September 2003 to December 2004 (vertical axis)
and excess deaths in August 2003 (horizontal axis), by département
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The relation seems to be strong for the départements of Paris larger metropolitan area (78, 91,
92, 93, 94) and the city of Lyon (69). However, for the city of Paris (75), the decline in 2004
is much larger than the number of excess deaths in August 2003: 2,200 vs. 1,200. Again, the
large deficit in the North (59, 62) and the South (13, 06) appears to be mostly unrelated to the
small number of excess deaths during the heat wave.

In the previous two graphs, no account has been taken of possible size effects. Because those
départements most affected by the mortality impact of the heat wave are also the most
popul ated, the figures were adjusted by dividing them by the mean monthly number of deaths
for each département during the period 2000-2002. This technique enables a direct
comparison, for each département, of excess deaths during August 2003 and missing deaths
during the subsequent months.

Figure 13. Joint graph of scaled* excess deaths in September 2003-December 2004 (vertical
axis) and excess deaths in August 2003 (horizontal axis), by département.
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* The difference between observed and expected deaths is standardised by the mean number
of monthly deaths in 2000-2002. For each département, a deviation of +1 means that the
number of excess deathsis equal to the average monthly number of deaths in 2000-2002.

As showed on Figure 13, the relationship is slightly modified when département figures are
thus adjusted. Two départements in the center of the country, i.e. Indre-et-Loire (37) and
Cher (18), appear to have suffered a large excess number of desaths during the heat wave,
which was not previously obvious because of their small population size. However, the
overal picture is unchanged: the départements with the largest relative number of excess
deaths remain those located in the larger Paris metropolitan area (75, 91, 92, 93, 94).

The following maps confirm that the correlation is weak. The map on the left hand side shows
the number of deaths in August 2003 standardized by the mean monthly number of deathsin
the three years 2000-2002. The right hand side map shows the difference between the number
of deaths from January to July 2004, relative to the same reference monthly number of deaths
during the years 2000-2002, plotted with an inverse scale to increase comparability: the two
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maps would overlap perfectly if the mortality deficit of early 2004 mirrored the excess of
August 2003. This is obviously not happening: while excess mortality in August 2003 is
highly concentrated in the centre of the country, under-mortality in 2004 is scattered all over
the map, both phenomena appearing spatially unrelated.

Maps 3 and 4. Excess mortality during the heat wave of August 2003 and subsequent decrease
in January to July 2004, by département

Map 3. Scaled excess mortality Map 4. Scaled missing deaths during
during August 2003 September 2003 to December 2004 :
-[D(9,2003t012,2004)
[ D(8,2003) - D(8,base) ] / D(base) -D(9to12,base)-D(1to12,base)] / D(base)

Sep. 2003
to Dec. 2004

W 0722167 (23)

[ 048072 (24)
[ 0192048 (24)
[J -0,8120,19 (25)

The regression line plotted on Figure 13 for the scaled numbers of deaths in all départements
corresponds to the following equation:

y=-0.62x-0.28
Applying the results of the equation to the excess deaths of August 2003 for all départements,
we would attribute 9,300 of the about 25,500 “missing” deaths in 2004 to a harvesting effect.
However, the regression fit is very poor and the relation seems to be limited to two very
distinct groups of départements, namely those where relative excess mortality in August 2003
was greater than 70% and those which experienced no excess mortality in August 2003 (aless
than 10% increase) nor a deficit in 2004. To improve the fit and narrow down the effect, we
progressively restricted the number of départements included in the regression model.
Starting with amodel including all départements (model 1), we first excluded the one outlier
département which recorded a smaller than expected number of deaths in August 2003
(model 2), then the seven départements with the largest relative excess mortality in August
2003 (model 3), then both the département excluded in model 2 and the départements
excluded in model 3 (model 4) and, finally (model 5), all the départements in which relative
excess mortality in August 2003 was either smaller (lower than 10 percent) or larger than
average (70 percent and higher). The results are showed in Table 2 with one line per model.
The first column refers to the départements included in the analysis, the second provides the
regression equation, the remaining three columns indicate the number of deaths "missing” in

August
2003

[ 0392103 (25)
[0 0292039 (18)
O 0172029 (27)
[] -0.1420,17 (26)
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2004 due to a harvesting in August 2003 estimated from the equation. The numbers in
column 3 simply result from a direct application of the equation to the number of heat wave
victims and the number of deaths missing in 2004 in the départements defined in column 1.
The second to last column shows the number of the deaths missing in 2004 due to a
harvesting effect estimated from the equation for all départements described in the first
column, to which are added the 4,500 heat wave victims of the seven most affected
départements for which we are willing to accept full harvesting. For instance the 8,800 deaths
of model 3 in column 4 result from adding the 4,300 harvested deaths estimated from the
equation in column 2 to the 4,500 heat wave victims of the excluded seven départements. The
numbers corresponding to the first two models are identical in column three and four because
the 4,500 deaths are aready included in the numbers in column 3. In column 5, instead of
adding 4,500 deaths, we added 2,200 corresponding to what we estimated to be the "true"
harvesting effect in those seven most affected départements as further discussed below (see
Figure 18 and Table 3).

Table 2. Regression equations of scaled excess deaths in September 2003-December 2004
against excess deathsin August 2003, by département, with several sets of départements.

@) () ®) (4) (®)

Set of départements used for the regression  Regression equation Estimated harvesting
Inthe set  All (a) All (b)
1. All départements y =-0.62 x—-0.28 9,300 9,300 9,300
2. All départements except one, which had Y =-0.54 x-0.31 8,100 8,100 8,100
less deaths than usual in August 2003
3. All départements except the the seven Y =-0.41x-0.33 4,300 8,800 6,600

départements with the largest relative
increase in deaths during August 2003

4. All départements except the one with less y=-0.25x-0.38 2,625 7,125 4,925
deaths than usual in August 2003 and the

seven départements with the largest relative

increase in deaths during August 2003

5. All départements where the relative y =+0.03 x —0.49 0 4,500 2,300
increase in deaths during August 2003 was
largest than 10% and lower than 70%

(@) Under the assumption that all 4,500 excess deaths during August 2003 in the first group of
départements were leading to harvesting

(b) If only 2,200 of them may be attributed to harvesting, the other missing deaths being attributable to
other factors (see Figure 18 and Table 3 below).

Excess relative mortality is largest for a group of seven départements, showed with white
squares on Figure 13. These seven départements represent 60,000 annual deaths (2000-2002).
For comparative purposes, we have first ranked all other départements according to the
relative mortality impact of the August 2003 heat wave (Figure 14) and grouped them so that
each group combines to the same overall number of annual desths, i.e. about 60,000, as the
first one. The number of groups of départements thus defined is nine.
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Figure 14. Excess mortality in August 2003, by département, relative to August 2000-2002
(O/E), sorted according to the severity of the mortality crisis
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Figures 15 to 17 show the monthly trend in the number of deaths, for the first, second and
eighth groups of départements. The thick dotted curve presents the actual number of deaths
per month from January 2003 up to December 2004. The full thin curve shows the expected
monthly number of deaths estimated from the average for the same months of 2000, 2001
and 2002 in the départements of the group under consideration. The dashed curve represents
the estimated monthly number of deaths assuming that mortality trends were the same in the
group under consideration as for mainland France as a whole, for each month in 2003-2004.It
is computed as follows: for each month in 2003-2004, the observed monthly number of deaths
in 2000-2002 in each département is multiplied by the ratio of deaths in that month for the
country as a whole, to the mean number of deaths during the same months of 2000-2002. The
dashed curve can aso be interpreted as the number of deaths in each group of départements
that would have been observed if the trend between 2000-2002 and 2003-2004 had been the
same in al of the départements. The dashed curve is below the full thin curve for all months
when, at the national level, mortality has been lower in 2003-2004 than in 2000-2002. The
dotted curve is below the dashed curve in the départements where deficits in mortality are
larger than at the national level.

For the first group of départements (Figure 15), the number of deaths nearly doubled in
August 2003 with an excess 4,500 deaths, compared to 2000-2002. In addition, in this group
of départements, a strong harvesting effect is possible: the deficit in 2004 is more pronounced
that for the country as a whole as showed by the fact that the dotted curve is lower than the
dashed one for nearly every month.
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Figure 15. Monthly number of deaths, from January 2003 to December 2004.
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This effect is not perceptible in any other group of départements. This is the case even for the
second group which experienced quite a significant increase in mortality during the August
2003 crisis. In this second group of départements, excess mortality reached 60 percent, which
represents a total of 3,400 excess deaths compared to 2000-2002, an effect nearly twice as
large as that at the national level. However, even this group of départements does not exhibit
a larger than average decline in the number of deaths in 2004 (Figure 16). The same lack of
correlation holds for the other groups: in the sixth, seventh and eighth groups of départements
(data for the eighth group are shown on Figure 17), where the number of excess deaths was
much lower than for France as a whole in August 2003, the deficit in mortality observed in
2004 is as pronounced as elsewhere. It is only in the ninth group that the 2004 mortality
deficit is significantly lower than average (not shown).
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Figure 16. Monthly number of deaths, from January 2003 to December 2004.
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Figure 17. Monthly number of deaths, from January 2003 to December 2004.
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If we exclude the two extreme groups of départements, i.e. the first one, where the heat wave
had its largest impact and where we are willing to take a harvesting effect for granted, and the
last one, in which there was no mortality increase in August 2003 and, hence, where we
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should not expect any harvesting effect, then the regression line no longer exhibits a negative
relationship (Figure 13).

The relationship between the relative excess mortality in August 2003 and the deficit of the
following months is thus restricted to a small number of départements. Going back to the
absolute numbers of deaths, two regressions on all but the first group of départements and on
all but the first and ninth groups of départements indicate that the decline of mortality at the
national level may be responsible for 2,600 to 3,000 deaths averted in 2004 in each group of
départements, irrespective of any excess deaths in August 2003 (Figure 18). The two
corresponding equation lines lead to an estimated 2,600 to 3,200 missing deaths in the first
group of départements due to the decline of mortality at the nationa level in 2004; the
“harvesting effect” in the first group of départements is then estimated, by difference, to
account for 1,900 to 2,500 “missing” deaths in 2004.

Figure 18. Relationship between the number of excess deaths in August 2003 (O-E) and the
number of missing deaths in September 2003-December 2004, by group of département
sorted by severity of heat wave mortality
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Table 3. Regression equations of excess deaths in September 2003-December 2004 against
excess deaths in August 2003, by group of département, with several sets of départements.

(1) 2) ) (4)

Set of départements used for the regression Regression equation Estimated harvesting
In the set All
1. All groups of départements y =-0.53 x — 2,140 7,950 7,950
2. All départements except the first group Y =-0.14 x — 2,580 1,470 3,770
3. All départements except the first and last groups Y =+0.10 x — 3030 0 2,300

39



Using the second equation in Table 3, we may assume that, in each of the nine groups of
départements, the following events occurred. First, a genera decline in the level of mortality
took place in 2004, leading to a deficit of 2,600 death in each group (23,400 deaths for the
whole country); second, the jump (thereafter named "rebound") observed on Figure 10,
corresponding to the 2,100 or so deaths that would have occurred among the heat wave
victims in 2004 considering their age if they had not died during the heat wave, make up for
about 14 percent of the total number of the heat wave victims. Third, in the first group of
départements, in which the number of excess deaths during August 2003 has been the highest,
a harvesting effect has likely occurred: the overall fall in mortality reaches 5,100 “missing
deaths’, while the overall decline of 2,600 plus the “rebound” effect of 630 add up to 3,200,
producing a difference of 1,900 additional “missing desths’ that could be attributable to
harvesting.

In sum, we are willing to assume the possibility of a harvesting effect in the seven
départements where the August 2003 mortality crisis was the most severe, considering the
strong correlation found between the 2003 mortality excess and the 2004 mortality deficit in
this first group. In these départements, excess mortality reached atotal of 5,100 deaths, some
1,900 being attributable to a harvesting effect. In addition, we have estimated the number of
heat wave victims who would have died in the period from September 2003 to December
2004 if they had not died during the heat wave, simply based on their sex and age among all
15,000 deaths of August 2003, in the absence of a harvesting effect (Figure 10). Because
there is no statistical correlation between excess mortality in August 2003 and the deficit in
2004 in all other groups of départements, the remaining 2004 deficit in mortality cannot be
accounted for by a harvesting effect in the rest of the country.

Investigating the impact on life expectancy

We successively estimated the impact of the heat wave on life expectancy in 2003, in 2004
and in 2005. For 2003, we first estimated the difference between the expectation of life for the
year 2003 calculated from the observed deaths and that estimated from a projection of sex-
and age-specific death probabilities based on 1997-1999 and 2000-2002 life tables, with a
log-linear time trend. The result shows that while the expectation of life calculated for the
year 2003 using the actual number of deaths reaches 75.80 for men and 82.88 for women, it
would have been 76,05 and 83.18, a difference of 0.25 and 0.30 years, respectively, for men
and women if the probabilities of death by sex and age in August 2003 had followed the log-
linear trend from 1997-2002 for that month. The impact of the August 2003 mortality crisis
on the expectation of life in 2004 is very simple under the no-harvesting hypothesis. Due to
the heat wave, fewer people are alive at the beginning of 2004 and, consequently, fewer
people are expected to die during the following 12 months. However, because those who died
are supposed to have been randomly selected in each sex and age group, they would have had
by definition the same probabilities of death at every age as those who survived, so that life
expectancy would have been the same as that actually recorded for 2004.

We estimated the expected life expectancy in 2004 and 2005, in the absence of a harvesting
effect, through a linear regression for years 1997-2002 (see figure FA2). This second method
results in estimates very similar to our computations (life expectancy at birth of 75,98 and
83,17 for men and women respectively, as against 76,05 and 83,18), with a much simpler and
more robust method, allowing us to use the most recent estimates, including provisional
estimate of life expectancy at birth in 2005, to describe the trends following the 2003 heat
wave Crisis.

Assuming now that all of the heat wave victims would have died in 2004 in the absence of a
hot weather episode (a complete harvesting effect), then two compensating phenomena would
have occurred. The first is that the excess deaths at each age x (in 2003) lead to missing
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deaths at age x+1 (in 2004): amirror effect takes place with alag of one year of age, and the
overall effect would be to increase life expectancy by alower amount than it was depressed in
2003 since the older the deceased, the lower the impact on life expectancy at birth. The
second phenomenon is that life expectancy is more sensitive to a decline in the number of
births than to an excess of deaths. Some simulations (not shown) indicate that al in all the
mirror effect should be nearly perfect: if N excess deaths at time t induce a decline in life
expectancy of d years at t, equivalent missing N deaths at time t+1 (at ages lagged one) lead
to an increase in life expectancy of d at t+1. In other words, life expectancy in 2004 would
have been equal to the expected life expectancy estimated following our projection method
accrued by the number of years lost in 2003 due to the heat wave, that is 0.18 year for men
and 0.29 years for women (Table 4).

Actualy, expectation of life at birth jumped to 76.40 years for men and to 83.60 years for
women in 2004 according to the latest Insee estimates (Richet-Mastain, 2006), an excess of
0.5 year above an expected level that would continue the trend observed in the 1997-2002
period. This result indicates that the gain in 2004 is much larger than would have been
expected even with the most extreme hypothesis of a complete harvesting effect from August
2003 to the end of 2004. In 2005 life expectancy did not increase compared to 2004, but still
appears to be higher than expected with an additional 0.25 years for men and 0.31 years for
women, compared to the projection based on the trends for the period 1997-2002. Even
assuming full harvesting over the two years following the crisis, with two thirds of the excess
deaths leading to missing deaths in 2004 and one third to missing deaths in 2005, the
discrepancy remains for 2005.

These findings clearly show that the increase in life expectancy in 2004 and 2005, as
compared to the trend in the previous years, may only very partly be attributed to a harvesting
effect and could initiate a new mortality pattern, at a permanently lower level, though with
only two years of observation, it is premature to conclude to a long term decline in mortality
at this point.

Table 4. Estimated and observed life expectancy at birth by sex, in 2003 and 2004

Women Men
2003 2004 2005 2003 2004 2005

1. Observed life expectancy 82,88 83,77 83,77 75,80 76,65 76,70
2. Expected without heat wave 83,17 83,31 83,46 75,98 76,22 76,47
3. Impact of the heat wave -0,29 -0,18

4. Impact of harvesting on one year 0,29 0,00 0,18 0,00
5. Estimated with complete harvesting 83,60 83,46 76,40 76,47
6. Difference remaining (1.-5.) 0,17 0,31 0,25 0,24
7. Impact of harvesting on two years 0,19 0,10 0,12 0,06
8. Estimated with harvesting on 2 years 83,50 83,55 76,34 76,53
9. Difference remaining (1.-8.) 0,26 0,21 0,31 0,18
10. Hypothesis of no harvesting 0,00 0,00 0,00 0,00
11. Estimated without harvesting 83,31 83,46 76,22 76,47
12. Difference remaining (1.-11.) 0,46 0,31 0,43 0,24
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Conclusion

The 15,000 victims of the August 2003 heat wave are disproportionately found among the
elderly and, more specifically, among elderly women. Nevertheless, the expected number of
years lost for those people is not negligible. Assuming no harvesting effect, only about 2,000
of them would have died due to their age by the end of 2004 without the heat wave. An
hypothesis of full harvesting would imply that all 15,000 victims would have died by the end
of 2004 in the absence of a heat wave. Among them, some would have been expected to die
by the end of 2003. Since the number of deaths recorded in the period September 2003 to
November 2003 does not exhibit any deviation from the pattern expected from the previous
years, one would have to assume either no harvesting effect or a full compensation of the
harvesting effect and a phenomenon of heat wave related delayed mortality. An analysis of
the distribution by sex and single year of age of the heat wave victims in relation with the
deaths missing for the following year shows a high correlation which could be used in favour
of the harvesting effect, though further analysis at the level of the departments suggests
otherwise.

Spatial analysis of mortality comparing the excess number of deaths in August 2003 and the
deficit in the subsequent period at the level of the départements shows that complete
harvesting is not likely: if we exclude the seven départements where the heat wave was the
most deadly and were a strong harvesting effect might have occurred (thus representing a total
of 1,900 deaths), almost no correlation is found between the high mortality of August 2003
and the low mortality of 2004 at the level of the départements. Consequently, only about
4,000 deaths missing in 2004 can be attributed to the effect of the heat wave, 2,100 of which
would have occurred on the sole basis of the age and sex distribution of the victims and
another 1,900 from the harvesting effect. The two effects thus account for about one sixth of
the decline observed between the period prior to 2003 and the year 2004. This estimate is an
approximation, but the order of magnitude must be accurate: the mortality deficit of 2004
directly attributable to the heat wave crisis represents less than even a third of the 15,000
excess deaths of August 2003 and according to our calculations, the remaining two thirds of
the heat wave victims could have been expected to live for another 8 years.

The fact that the heat wave did not necessarily killed the frailest is partly documented by a
study among elderly intensive care unit patients which shows that the more disabled actually
fared better, in terms of survival, than others in the same hospital during the heat wave due to
increased attention from medical staff (Holstein et a. 2006). Other studies support this
finding (Le Tertre et a., 2006). More generally, people who died during the heat wave were
often living alone (Hémon and Jougla 2003; Rey et al., 2005), a common finding about heat
wave victims (Besancenot, 2002 ; Klinenberg, 2003). This implies that the victims were at
least independent enough to live by themselves and suggests that they would have likely lived
many years without the heat wave, thus considerably more than a few extra days, weeks or
even months.

Regarding the remaining 21,000 or so deaths "missing” in 2004, several hypotheses can be
formulated, largely unrelated to the 2003 heat wave. The most likely is the unusual absence of
a flu epidemics which typically kills about 7,000 to 10,000 individuals over a single Winter.
This absence of flu has been described by some as the direct consequence of the heat wave
(Valleron 2004). Indeed, the age structure of the victims of flu epidemics resembles that of
the heat wave victims. A harvesting effect is thus not to be completely excluded. However,
we should then have found a significant negative spatial correlation at the level of the
départements between the degree of excess mortality of August 2003 and that of December
2003 when the flu typically starts, which was not the case.
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The increasing cost of alcohol and tobacco, as well as severe policy measures against driving
under the influence of alcohol, may have avoided an additional 2,000 to 5,000 deaths (Nizard,
personal communication). But considering the demographic profile of deaths due to related
causes, it would mainly explain the mortality deficit among young adult males rather than
among the elderly.

All in al, 6,000 to 10,000 "missing" deaths thus remain to be explained. One hypothesis is
that a specia effort has been directed towards isolated elderly people as an indirect
consequence of the heat wave. Indeed, in many urban areas, a specia census of isolated
elderly was conducted as part of a plan to prevent any future such crisis in case of extreme
weather episodes but also as part of the general effort to improve the conditions of life of the
elderly. Since women in France are more often isolated at old ages than men (Désesquelles
and Brouard, 2003), this effort could have led to a larger decline for older women in most
départements, independently from the direct mortality impact of the 2003 heat wave, in
perfect agreement with the observed trend. However, the absence of data by both département
of residence and single year of age at this point precludes any further analysis in this
direction. Whatever the results yield by such a study, our genera conclusion of a weak
harvesting effect would however remain unchanged. Indeed, if the prevention measures had
been stronger in those départements most affected by the heat wave crisis, it would increase
the spatial correlation found in Figure 13, thus resulting in an overestimation of harvesting in
the most-severely hit départements. Whether the mortality deficit recorded in 2004 can be
directly or undirectly related to the 2003 heat wave episode, it remains that, as suggested by
the continuous trend in 2005, mortality seem to have reached a new low level compared to the
trend observed prior to 2003 though we need more time to definitely accept this conclusion.
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Appendix

F1A. Annual number of deaths. France 1970-2005. Calendar years, from 1% January to 31
December; Interlaced years, from 1% July to 30 June (next calendar year)
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FAZ2 : datafrom Table 2. Life expectancy at birth, in years of age. Observed and expected
from linear regressions based on years 1997-2002.
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Source : Insee, monthly demographic database (Richet-Mastain 2006).
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2006 Population Association of America Meeting,
Los Angeles, March 30-April 1st, 2006

The Mortdity | mpact of the
August 2003 Heat Wave in France

Laurent Toulemon
and Magdi Barbieri
(INED, France)

Study aim

* Estimating the mortality impact of the
August 2003 heat wavein France
— the number of deeths due to the heat wave
— the number of delayed deaths
— the age structure of the deceased
— the operation of a harvesting effect

Background

¢ Anunusually hot summer in August 2003
« A magor ensuing mortdity crisis
¢ A dramatic mortality declinein 2004

« Conventiona wisdom : the mortality
decline of 2004 ismainly explained by the
mortality crisisof 2003

51

This study on the mortality impact of
the August 2003 heat wave in France
isthe result of a collaboration between
Laurent Toulemon and myself.

In August 2003, Western Europe
experienced an unprecedented heat
wave to which about 50,000 deaths
were directly attributed.

France and Italy were the two most
severely hit countries with,
respectively, 15,000 and 20,000
deaths.

The purpose of this paper isto evaluate
the long term mortality impact of the
heat wave in France

Thisimpact depends not only on the
number of deaths, directly or indirectly
attributable to the hot weather episode
but also on the age structure of the
victims and on the intensity of a
possible harvesting effect

The question of a possible harvesting
effect is particularly relevant given the
unexpectedly low level of mortality
recorded in 2004. The deficit reached
about 26,000 deaths over atotal annual
number of 530,000. It has been
specifically attributed to the mortality
crisis of the previous year.

While al three of these aspects are
dealt with in the paper, this short oral
presentation will only discuss the
investigation of a harvesting effect,
which isthe most original piece of our
research
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A harvesting effect ?

« Definition: aselection effect of mortality

among thefrailest

* Measurement issues: no frailty i ndicator

— indirect estimation

Data

« Detailed life tables for 1997-1999 & 2000-2002
« Electronic files with all death certificates up to the

end of 2004 with

— year of birth

— day, monthand year of death
— sex

— département of residence

« Population by sex and year of age

up to 1/1/2005

« Desgths by month in January-October 2005
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By harvesting effect, or frailty effect,
we mean a selection effect of mortality
among the frailest individuals such that
the heat wave victims were fated to die
within weeks or months of August
2003 independently from the heat
wave

The problem we face is that we do not
have any information about the health
condition or any other indicator of
frailty for the heat wave victims

We thus had to use an indirect
estimation of the harvesting effect

Before presenting our methods and
results, | will briefly describe the data
available to us at this point

We have, first, 2 detailed life tables for
the periods 1997-1999 and 2000-2002
We also have electronic files of all
death certificates for France up to the
very end of 2004 with information on
year of birth, day, month and year of
death, sex, and département of
residence

The 95 départements of mainland
France represent the main
administrative division in the country
We have population counts by sex and
year of age on January 1% up to 2005
We used these data to estimate the
number of excess or missing deaths for
each month of 2003 and 2004

Last, we were recently provided with
provisional mortality datafor the
period January-October 2005, that is
the total of deaths distributed by month
but with no age and sex nor geographic
information.

The main issue isto estimate the

« expected » number of deaths, that is
the number of deaths that would have
occurred in the absence of the heat
wave, so as to gauge itsimpact on
mortality.

We used two different approaches. To
each of these two approaches
corresponds one method.
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First approach

» Compare age and sex structure of victimsat
beginning and at end of heat wave
(August 1-10 vs. August 11-20)

« Victims = diff erence between expected and
observed deaths for each sex and year of
age

Method :
Estimating the expected deaths
by sex and age in August 2003

* The trend from the 1997-1999 to the 2000-
2002 life table was projected to 2003 by
linear extrapolation

e Thetrend in seasonality was dso taken into
account (increased weight of August
mortality over time)

Daily deaths in France, Aug 2003

53

The ultimate purpose of these two
approaches was to tackle the issue of a
harvesting effect

Thefirst approach isan analysis of
the age and sex structure of the August
2003 excess deaths by period of death
at the national level

We distinguished three periods which
correspond to the three 10 day periods
of August 2003 (1-10, 11-20, 21-31)
The heat wave victims were identified
by comparing expected and observed
deaths by sex and year of age

The expected number of death by sex
and single year of age in August 2003
was obtained following afairly
sophisticated technique which | am
only here briefly summarizing.
Starting from the two aforementioned
life tables for the years prior to the
heat wave, we estimated the
probabilities of dying by sex and
single year of age for specific periods
of 2003 by continuing past trends. The
method is described in detailsin the
paper.

The output was an age and sex
distribution of the heat wave victims
for each of the three aforementioned
periods of August, namely August 1-
10, August 11-20, and August 21-31.

Heat wave victims died between
August 5 and August 15
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Daily deaths in France, Aug 2003

Early -
®1  phese L -

Daily deaths in France, Aug 2003

Early Late
1 phase phase

Nombre de déces

Heat wave victims by age and sex,

August 1-10, 2003

so that the first two periods correspond
to the early phase

and the late phase of the heat wave
crisis

Assuming afrailty effect and assuming
that frailty isrelated, at least partly, to
age

we should see adifference in the age
structure of the victims between the
early and the late phases of the crisis
since the frailest would have died first

In fact, that is not what we find : here
is the age structure of the victims of
the early phase of the heat wave;
Again, the distribution of the heat
wave victims by sex and single year of
age was obtained by calculating the
difference between the expected
number of deaths by sex and year of
age projecting the trend in the
probabilities of death during the period
1997 to 2002 and the observed number
of deaths by sex and age for each day
of August 2003.



Diapositive
12

Diapositive
13

Heat wave victims by age and sex,

August 1-10 and 11-20, 2003

|

Heat wave victims by age and sex,
August 1-10, 11-20, 21-31 2003

\

\

|
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here is now the age structure of the
victims of the late phase of the heat
wave ; as you see there are exactly the
same (with the same mean age of 81
years) which suggests either that there
was no frailty effect or that frailty is
not related to age

Furthermore, after August 20,
mortality came back to normal with
neither an excess nor adeficit in the
number of deaths

The result was identical for males,
though the curves are significantly
lower.

The lack of mortality deficit in the
days following the crisis runs counter
the harvesting hypothesis, though we
cannot rule out the possibility that
there was a harvesting effect but that it
was fully compensated by an opposite
effect of delayed mortality (people
who were weakened by the heat wave
and died in the period immediately
following)

To continue investigating this issue,
we followed a different strategy.
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Second approach

« Aninvestigation of the rel ation between the

August 2003 crisis and the mortality deficit
of the following months

— at the national level

— at the département level

Method :

Estimating the expected number of deaths

for each month of 2003 and 2004

» The expected number of deathsfor each

month (e.g. August) of 2003 and 2004 isthe
average number of deaths for the same
month (August) in 2000, 2001, 2002

— at the national level

— a the département level
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The second approach we followed was
to investigate the relationship between
the mortality excess of August 2003
and the mortality deficit of the
following months.

This second approach was based on a
different method to estimate the
number of deaths expected in the
months following the crisis at both the
national and the département level.
Thistime, we estimated the expected
number of deaths for any given month
of 2003 and 2004 in each département
as the average number of deaths for the
same month and the same département
in the three years prior to the heat
wave, 2000, 2001 and 2002.

The difference between the observed
and the expected number of deaths,
whether by sex and age or by
département, provides the number of
excess deaths (for August 2003 in
particular) and the number of missing
deaths for 2004.

The reason why we could not use the
same method as before for this
analysisis explained in the paper. It
results from data constraints.
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What you see here is the cumulated
number of excess or missing deaths
starting from January 2003 in
comparison with the average number
of deaths in the corresponding months
of 2000-2002

The cumulative number of deaths for
the first 6 months of 2003 are overall
the same as expected ; you see the
brutal impact of the August 2003 heat
wave with the 15,000 estimated
victims

then a plateau for the following three
months indicating no deviation from
the expected level of mortality based
on trends from previous years

This result tends to support the
absence of a harvesting effect, though
it could also, again, beinterpreted as a
perfect compensation between a deficit
due to harvesting and an excess due to
delayed mortality

The increase recorded in December
2003 was due to a flu epidemics which
is not unusual

Starting in January 2004, we see a
steep decline which represents a
significantly lower than expected
mortality.
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Monthly cumulated number of deaths,
relaiveto the same months
of years 2000-2002
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of years 2000-2002

Monthly cumulated number of deaths,
relaiveto the same months
of years 2000-2002
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Cumulated over the months, it reaches
adeficit of about 15,000 deaths by the
end of July.

Thisis exactly the number of deaths
caused by the 2003 heat wave and it
prompted many scholars to conclude
that the lower mortality of the first
seven months of 2004 was directly
attributable to the crisis of the previous
month of August and that mortality
would return to normal afterwards.

They were wrong however as the
decline in mortality continued on, with
exactly the same intensity, during the
remaining five months of the year, so
that by the end of 2004, there were
over 26,000 missing deaths.

Even more striking is the continuous
deficit that runs through the following
year, 2005, suggesting that the so-
called mortality deficit of 2004, far
from arebound due to the previous
year crisis, might very well indicate
the onset of a new mortality period,
with a permanently lower level than in
the previous years.

In conclusion, the trend observed
during the three months following the
heat wave (September-November
2003) as well as that of the following
months do not lend much support to
the thesis of amajor harvesting effect.
Indeed, there is no reason to believe
that the still un-clarified cause for the
lower number of deaths beyond the
15,000 heat wave victims could not
explain al the missing deaths.
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Map 1. Relative excess mortality by département
in August 2003

Source: reprint from Fouillet et al., 2005, Figure 1.

Joint graph of scaled excess deaths in
September 2003-December 2004 (vertica axis) and excess
deaths in August 2003 (horizontal axis), by département

eeeeeeeeeeeeeee
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Let’s now investigate the harvesting
hypothesis at afiner geographic level.
This approach assumes that if the steep
decline in mortality in 2004 isthe
result of the excess mortality of
August 2003, there should be a strong
correlation at the level of the
départements between excess mortality
during the heat wave and the deficit
recorded in 2004

Indeed, there were large regional
variations in the mortality crisis of
August 2003, with most of the excess
concentrating in the Center of the
country.

On this graph, each symbol represents one
département

The x axis represents the relative (or
scaled) number of excess deathsin August
2003 and the y axisthe relative (or scaled)
number of missing deaths from September
2003 to December 2004, the period during
which the victims were expected to die
under the assumption of afull harvesting
effect ; we used relative rather than
absolute numbers to control for the large
differencesin population size between the
départements.

The red symbols represent the
departements in each extreme group
relative to the extent of the August 2003
mortality crisis: on the left, those with the
least excess mortality in August 2003, on
the right those with the largest relative
excess ; the former are scattered
throughout the whole country, the latter
are départements located in the lle de
France for the most part, in the Center of
the country for the rest

The broken line represents a perfect
compensation between excess mortality in
August 2003 and under-mortality in the
following months

For those départements above the line, the
excess mortality of August 2003 was not
fully compensated by the lower mortality
of the following months ; for the
départements below the line, the situation
isreverse.
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Joint graph of scaled excess degths in
September 2003-December 2004 (vertica axis) and excess
deaths in August 2003 (horizontal axis), by département

Joint graph of scaled excess deaths in
September 2003-December 2004 (vertica axis) and excess
desths in August 2003 (horizontal axis), by département.
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When drawing a regression line based
on al points, we find a significant
correlation with a nearly full
compensation, in favour of astrong
harvesting effect but not avery good
fit

Looking more closely, it appears that
most of the effect isdriven by what is
happening in the départements most
affected by the heat wave crisiswhich
are also those with the largest
populations

If we exclude the 7 départements with
the largest excess mortality in August
2003, as well as the départements with
no excess mortality in 2003 and
redraw the line (blue regression line
from blue points), we find no
correlation whatsoever

Thereis O correlation between the
excess mortality in August 2003 and
the lower mortality during the
following monthsin over 85% of all
départements in mainland France,
which runs counter to the harvesting
effect hypothesis
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Discussion

« Hardly more than 15% of the deaths « missing » in

2004 can be atributed to the 2003 heat wave
harvesting effect

« 7,000 to 8,000 “missing” desths explained by the

unusual pattern of the flu epidemics during the
Winters of 2003/2004 and 2004/2005

« Over 10,000 other « missing » degths in 2004: an

indirect effect of the heat wave ?
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So, if we arewilling to assume that in
the 7 départements most affected by
the heat wave crisis, there was indeed
afull harvesting effect (an extreme
hypothesis) and that there was no
harvesting in the other départements,
then hardly more than 15% of the
deaths "missing" in 2004 are explained
by the 2003 heat wave harvesting
effect (4000 = 2100 due to age and
sex, 1900 due to harvesting)

In addition, we can attribute 7 to 8,000
additional "missing" deathsto the
unusual pattern of the Winters
2003/2004 and 2004/2005 flu
epidemics

Over 10,000 other "missing" deaths of
amysterious origin thus remain to be
explained. Could there have been an
indirect effect of the heat wave ?
There are indeed reasons to believe
that the large array of policy measures
taken after the heat wave could have
had a direct effect on mortality level
during the following months.

Most of these measures were targeted
at the elderly who were the most
affected by the heat wave crisis. They
include a census of isolated elderly and
door-to-door visits which might have
contributed to improve the overall
level of health in this vulnerable
population but thisis apolicy, and not
aharvesting, effect.
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ANNEXE 4
PRESENTATION DU DEUXIEME SOUS-PROJET

Ecartsdetempérature et mortalité en France au XXéme siecle

63






Température atmosphérique et mortalité saisonniere
en France métropolitaine depuis 1946

Effet delachaleur - Premiers résultats
Alfred Nizard, INED

Le présent rapport donne les premiers résultats de I’ étude des séries chronologiques des déces et

des températures en France métropolitaine, a savoir :

- sous I'effet de la chaleur de I'air depuis 1976, la hiérarchie traditionnelle des mortalités
saisonnieres a été de nombreuses fois contredite,

- sous |’ effet de la canicule, I'année 2003 a été, par le nombre de déces, |a plus meurtriére des
vingt dernieres années (1986-2005),

- présentation des premiéres données utilises dans I'étude (déces par mois en France
meétropolitaine depuis 1946, température moyenne a Paris-Montsouris depuis 1946),

- pointes mensuelles de mortalité et nombre annuel de déces depuis 1946 : un changement
radical : la réapparition en 2003, apres... 1969, d’un tres fort surcroit de déces essentiellement
dd, non plus au alagrippe ou au froid, mais a une cause radicalement nouvelle, la canicule,

- décés par mois et température de |'air depuis 1946 : présentation de 12 figures reproduites
dans le présent rapport,

- lacanicule d’ ao(t 2003 n’ a pas héaté la mort de personnes en fin de vie ; elle aemporté des vies
destinées adurer,

- sur le caractére extraordinaire de la mortalité d’ aolt 2003

- et sur le nombre de décés dus ala canicule d’ ao(t 2003 (16 624).

Sous |’ effet dela chaleur del’air depuis 1976,
la hiérarchietraditionnelle des mortalités saisonniéres
a été de nombreuses fois contredite.

La mortalité a un caractere éminemment saisonnier, lié a la température atmosphérique.
Historiquement, |” hiver est, avec le froid et les maladies respiratoires, la période de la plus haute
mortalité, et la saison la plus chaude, I'é&é, est la moins meurtriere: en 1946, en France
meétropolitaine, un tiers des décés sont survenus de janvier a mars et un cinquiéme en été;
I"automne, saison de transition, plutot froide, est proche du quart, et il en est de méme au
printemps, quelque peu en deca (Tableau 1).

Manifestement, dans un pays au climat tempéré comme la France, la mortalité est
traditionnellement d’ autant plus élevée qu’il fait froid et d’ autant moindre qu’il fait chaud.

Cependant, I’ évolution des mortalité trimestrielles depuis 1946, et surtout depuis 1970, donne ala
relation traditionnelle entre température de |’ air et mortalité un caractére moins tranché.

Par surcroit, dans le champ trimestriel, cette relation a été démentie aux printemps 1976 et 1986 et
aux étés 1983, 1990, 1992, 1994, 1997 et surtout 2003. L’ énumération suggére un réchauffement
de I’atmosphére, mais elle peut avoir un caractére aéatoire, ou encore étre due a quelque autre
cause.
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Tableau 1 - Nombre trimestriel de décés en France métropolitaine de 1946 a 2005
et répartition par trimestre du nombre annuel de décés (%)

An

NOMBRE DE DECES REPARTITION (%)

JA-MAR | AV-JN [JUIL-SPT[ OCT-DC| TOTAL [JA-MA]JAV-IN|JL-SPT|OC-DC| TOTAL

1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003 (1)
2004 (2)
2005 (2)

182145 125688 107655 130392 545880 | 33% 23% 20% 24% 100%
173786 125620 110895 127856 538157 | 32% 23% 21% 24% 100%
143556 122916 109655 137083 513210 28% 24% 21% 27% 100%
199225 125191 113681 135501 573598 | 35% 22% 20% 24% 100%
150 115 132858 114997 136510 534480 | 28% 25% 22% 26% 100%
180347 136545 115157 133780 565829 | 32% 24% 20% 24% 100%
155225 124063 112790 132753 524831 | 30% 24% 21% 25% 100%
196235 123692 108980 128076 556983 | 35% 22% 20% 23% 100%
155759 125983 109437 127713 518892 | 30% 24% 21% 25% 100%
155614 125590 111925 133193 526322 | 30% 24% 21% 25% 100%
171776 129246 111602 133076 545700 | 31% 24% 20% 24% 100%
145973 121026 112683 152425 532107 | 27% 23% 21% 29% 100%
143490 120043 106452 130611 500596 | 29% 24% 21% 26% 100%
142 465 129614 108760 128275 509114 | 28% 25% 21% 25% 100%
165233 117083 107898 130746 520960 | 32% 22% 21% 25% 100%
135709 120687 110208 133685 500289 | 27% 24% 22% 27% 100%
158044 132477 112102 138524 541147 29% 24% 21% 26% 100%
179198 129950 115796 132908 557852 | 32% 23% 21% 24% 100%
144340 123200 116786 135707 520033 | 28% 24% 22% 26% 100%
164230 128655 116925 133886 543696 | 30% 24% 22% 25% 100%
142727 128930 118371 138754 528782 | 27% 24% 22% 26% 100%
151114 131384 122992 137543 543033 | 28% 24% 23% 25% 100%
163911 131060 120902 137568 553441 | 30% 24% 22% 25% 100%
148242 134635 126075 164383 573335| 26% 23% 22% 29% 100%
151766 131386 123482 135643 542277 | 28% 24% 23% 25% 100%
153989 131838 127042 141282 554151 | 28% 24% 23% 25% 100%
150673 131384 126770 141073 549900 | 27% 24% 23% 26% 100%
160404 131736 126324 140318 558782 | 29% 24% 23% 25% 100%
139663 134075 126883 151930 552551 | 25% 24% 23% 27% 100%
149679 138054 132155 140465 560353 | 27% 25% 24% 25% 100%
154989 138159 128498 135468 557114 | 28% 25% 23% 24% 100%
141295 132859 125494 136573 536221 | 26% 25% 23% 25% 100%
152394 131586 124368 138568 546916 | 28% 24% 23% 25% 100%
142 825 134368 126514 138098 541805 26% 25% 23% 25% 100%
142911 134084 127302 142810 547107 | 26% 25% 23% 26% 100%
155641 133262 126112 139808 554823 | 28% 24% 23% 25% 100%
141547 133821 129476 138260 543104 | 26% 25% 24% 25% 100%
151623 134775 133016 140241 559655| 27% 24% 24% 25% 100%
143776 136326 125558 136830 542490 | 27% 25% 23% 25% 100%
155740 132595 124548 139613 552496 | 28% 24% 23% 25% 100%
157864 132430 124184 132448 546926 | 29% 24% 23% 24% 100%
140442 129299 123246 134479 527466 | 27% 25% 23% 25% 100%
137910 127757 122707 136226 524600 26% 24% 23% 26% 100%
137209 126365 123749 141960 529283 | 26% 24% 23% 27% 100%
143758 124838 123139 134466 526201 | 27% 24% 23% 26% 100%
138982 126064 122196 137443 524685| 26% 24% 23% 26% 100%
143010 124117 123314 131089 521530 | 27% 24% 24% 25% 100%
142104 126695 122621 140843 532263 | 27% 24% 23% 26% 100%
136901 125518 126812 130734 519965| 26% 24% 24% 25% 100%
136179 131377 126770 137292 531618 | 26% 25% 24% 26% 100%
145440 129706 122985 137644 535775 27% 24% 23% 26% 100%
149233 125923 124018 131145 530319 | 28% 24% 23% 25% 100%
145104 133052 122703 133146 534005| 27% 25% 23% 25% 100%
151504 126 126 122565 137466 537661 | 28% 23% 23% 26% 100%
151784 124948 122104 132028 530864 | 29% 24% 23% 25% 100%
138175 129652 126721 136525 531073 | 26% 24% 24% 26% 100%
148297 129114 123102 134631 535144 | 28% 24% 23% 25% 100%
142 429 129538 140899 137121 549987 | 26% 24% 26% 25% 100%
138000 121200 117600 130000 506800 | 27% 24% 23% 26% 100%
149 800 125900 117 000

Source :

INSEE - Non compris les nes vivants decedes avant la declaration de naissance

(faux mort-nés) de 1946 a 1974.
(1) Rsultats provisoires (2) Estimation d'apres I'enquéte Villes
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En raison du recul des maladies infectieuses, la proportion hivernale n'est plus, par dela ses
variations annuelles, que de 27 % depuis 1970. La part des autres saisons a augmenté, assez peu
pour le printemps et I’ automne, tres fortement pour I’ été.

C'est donc surtout de juillet & septembre que le risque létal a, relativement aux autres saisons,
augmenté, la proportion de déces alant de quelque 20 % dans les dernieres années 1940 a 23 %,
sinon plus, depuis 1970. La montée de la mortalité routiére, celle de lamortalité liée aux loisirs, et
celle du nombre de déceés d' origine tumorale, aussi nombreux en été qu’en hiver, ont accompagné
ce phénomene.

A ce jour, méme si la mortalité de chague trimestre est désormais proche de 25 %, la hiérarchie
traditionnelle perdure : par ordre décroissant, on trouve en téte la période janvier-mars avec 27 %
des déceés survenus en 2004, puis octobre-décembre avec 26 %, ensuite avril-juin avec 24 %, enfin
juillet-septembre avec 23 %.

Les exceptions a la hiérarchie traditionnelle des mortalités trimestrielles apparues depuis 1946
sont énumérées ci-dessous.

L’ automne a été plus meurtrier que I’ hiver en 1957, en 1969, en 1989 et en 1995, en raison du
froid et des épidémies de grippe.

Le nombre de déces du printemps a été supérieur a celui de I’automne en 1951, en 1959 et en
1976 ; il a éé quasiment égal en 1984, en 1986 et en 1998. On trouve souvent a |’ origine de ces
changements ponctuels un automne doux associé a un printemps froid et surtout grippal. C'est le
cas en 1951, en 1959, en 1984 et en 1998. Mais on trouve également, en 1976, tout a la fois une
épidémie de grippe (avril-mai) et une chaleur exceptionnelle (mai et surtout juin). C'est ala seule
chaleur qu’il faut attribuer la surmortalité du printemps 1986, et singuliérement celle du mois de
juin.

La mortalité de I’ été est supérieure a celle du printemps en 1994, et surtout en 2003, et la rejoint
presque en 1983, en 1990, en 1992 et en 1997. Cette situation est certes due a une basse mortalité
de printemps, mais aussi et surtout

- auneforte chaleur enjuillet et en aolt, pour 1983, 1990 et 1992,

- auneforte chaleur enjuillet en pour 1994,

- etauneforte chaleur en ao(t pour 1997.

Sous |’ effet dela canicule, I'année 2003 a été, par le nombre de déces,
la plusmeurtriere desvingt derniéres années (1986-2005).

La mortalité de I’ éé 2003 a été, de maniére exceptionnelle, supérieure a celles du printemps et de
I”automne, et elle a quasiment égalé celle de I" hiver : 140 900 déces de juillet a septembre contre
142 400 de janvier a mars, et cette quasi égalité n’ est pas due a quelque sous-mortalité d’ hiver (le
nombre de déces en 2003 est supérieur a celui observé en 2001). La surmortalité de I’ été 2003 ne
compense d’ ailleurs pas quel que sous-mortalité de printemps (le nombre de déces d’ avril ajuin est
en 2003, avec celui observé en 2001, le plus élevé de la période 1997-2005). Elle n'est pas
compensée par quelque sous-mortalité d’automne (le nombre de déces d’ octobre a décembre est
en 2003 le plus élevé de |a période 2000-2004).

L’ampleur de la surmortalité de I’ été 2003 est surtout due a la canicule d’ao(t, mais aussi, de
maniére non négligeable, a la chaleur de I'air en juillet. Elle a été précédée en juin par une
surmortalité due a latempérature élevée de |’ air.

Sous I’ effet de la chaleur, avec 550 000 déces, |I’année 2003 a été la plus meurtriere des vingt
dernieres années (1986-2005).
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Premiéres données utilisées dans|’ éude.

Pour poursuivre I’ observation de la mortalité saisonniére en France depuis 1946 et de I’ effet de la

température de |’ air, on dispose en premier lieu

- d'une part, de la statistique mensuelle des décés depuis 1946, aimablement communiquée par
I"INSEE (Tableau 2),

- et d autre part, des moyennes mensuelles des températures quotidiennes minimale (nocturne)
et maximale (diurne) relevées a ParisMontsouris, séries homogénéisees aimablement
communiquées par Jean-Marc Moisselin, de METEO-FRANCE. Les deux séries mensuelles
des températures ont été réduites a une seule, correspondant a leur moyenne (Tableau 3).

La température relevée a Paris-Montsouris n'est certes pas représentative de celle de I’ensemble
des villes et zones rurales francaises, mais elle a une précieuse valeur indicative. L’ usage de
moyenne mensuelle est difficile a éviter, dans la mesure ou la statistique quotidienne de décés
N’ est pas disponible sur une longue période. |l reste que les moyennes mensuelles de température
peuvent dissimuler des vagues de froid ou de chaleur de courte durée, qui restent inconnues, et les
surmortalités induites échappent a |’ analyse. Peut-étre faudra-t-il construire un indicateur mensuel
de température donnant un plus grand poids aux vagues de froid ou de chaleur de courte durée.
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Tableau 2 - Nombre mensuel de décés en France métropolitaine de 1946 a 2005

An

JANVIE|[FEVRIEMARS | AVRIL| MAI | JUIN [JUILLET] AOUT |SEPTE{lOCTOENOVEMDECEM

1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

70 900 53 958 57 287 45376 42591 37721 37587 34880 35188 37842 42954 49 596
60 453 56 891 56 442 45121 42605 37 894 38364 36 763 35768 40488 41 361 46 007
46 161 45412 51983 43829 42003 37084 39069 35272 35314 39588 43596 53899
87861 58592 52772 44154 41896 39 141 40042 37 372 36 267 40534 47 049 47918
51927 47 749 50 439 47 248 45515 40095 39798 38124 37075 42232 44 418 49 860
63 048 58 340 58 959 49690 46 496 40359 40199 37670 37288 42997 42370 48 413
53364 51750 50 111 44 752 41 167 38 144 40266 36 246 36 278 41 385 42 467 48 901
69 112 73 023 54 100 43573 42651 37 468 36807 36685 35488 40885 43243 43948
52 729 53 607 49 423 44 349 43538 38096 37671 36316 35450 40719 41178 45816
52 017 46 623 56 974 45364 41749 38477 38211 37969 35745 41772 43595 47 826
52 107 61556 58 113 46 263 44 009 38 974 38 820 36 144 36 638 40 669 44 859 47 548
56 610 45707 43 656 41437 40495 39094 39774 36455 36 454 45258 52 329 54 838
51563 43 451 48 476 43 746 40009 36 288 36939 35096 34 417 40532 42689 47 390
47 483 46 355 48 627 48 180 43 832 37602 38584 35222 34954 39524 42 899 45 852
60 414 57 951 46 868 40827 40405 35851 36250 36049 35599 42503 40 787 47 456
50 816 41 813 43 080 41 093 40232 39362 37511 36889 35808 40 365 44 631 48 689
51804 47280 58 960 49 374 42495 40608 38532 36801 36769 41540 44281 52 703
58 163 57 997 63 038 47 911 43129 38910 40210 37276 38310 41888 41254 49 766
52136 45770 46 434 43490 41397 38313 41469 38124 37193 43 687 44 768 47 252
50 205 49 851 64 174 44094 43481 41080 39191 38705 39 029 42809 43727 47 350
52 493 43 197 47 037 45795 42400 40735 39941 40181 38249 42553 47 135 49 066
52771 49 087 49 256 45422 44 657 41305 42527 40224 40241 42 453 44 877 50 213
51061 55577 57 273 46 455 43713 40892 41476 40075 39 351 43051 44826 49691
50 881 46 746 50 615 47 426 44 932 42277 44000 41160 40915 44077 45581 74725
57 729 44 189 49 848 45864 44369 41153 42132 41178 40172 44033 44 393 47 217
55079 46 097 52 813 45523 44005 42310 45569 40991 40482 44621 45538 51123
54 956 47599 48 118 44 008 44 972 42404 43464 41689 41617 45828 44159 51 086
64 762 46 668 48 974 45607 44 328 41801 42236 43518 40570 46 284 45080 48 954
48 177 42131 49355 45316 46 133 42626 43058 42266 41559 48 213 46 986 56 731
55805 44 628 49 246 47 957 46 400 43 697 44704 45287 42164 46 640 44 745 49 080
49 611 50 172 55206 47 105 45605 45449 45983 41587 40928 43 403 44 149 47 916
49 306 43491 48 498 46 991 44659 41209 42834 41370 41290 43629 43932 49012
50820 52291 49283 45103 44974 41509 44099 40427 39842 45078 44122 49 368
50317 43 825 48 683 46 123 46 375 41870 44242 41213 41059 45289 45464 47 345
51 015 44590 47 306 45852 45611 42621 44616 42166 40520 45835 47 016 49 959
55289 50 153 50 199 44 564 46 040 42658 43935 41958 40219 45618 45182 49 008
49 581 43 950 48 016 46 145 45757 41919 46326 41874 41276 45073 44 347 48 840
50526 49 778 51 319 46 372 45008 43395 49570 42000 41 446 44 655 45808 49 778
48 740 45110 49926 46 998 45498 43830 43445 41457 40656 45437 43 937 47 456
57 357 47 112 51271 45653 45269 41673 43230 41105 40213 43963 47 412 48 238
51466 52 732 53 666 45204 43594 43632 42198 40821 41165 42798 42894 46 756
51229 43 613 45600 43 337 43786 42176 42516 41422 39308 43554 43 478 47 447
46 740 43 408 47 762 43770 42715 41272 41457 41105 40 145 44085 43970 48171
48 428 43 397 45384 42 154 43099 41112 42710 40663 40376 45098 43021 53 841
56 059 43 208 44 491 43 217 41355 40266 42461 41681 38997 43401 42871 48194
47 211 46 308 45 463 42 788 42962 40314 41871 41130 39195 44502 44288 48 653
52 247 45888 44 875 42 399 42 145 39573 41953 41422 39 939 43 817 42 329 44 943
49 231 43185 49688 43686 42331 40678 41063 40987 40571 43938 44017 52888
49 932 42 613 44 356 43104 41841 40573 43940 41822 41050 43503 41833 45398
48 788 40937 46 454 45670 43965 41742 43819 42078 40873 43462 43 346 50484
51 341 46 604 47 495 44 833 43 636 41237 42390 39915 40680 42725 43 337 51582
59 227 44788 45218 43954 42 644 39325 42105 42519 39394 42266 43100 45779
47 361 46 023 51 720 48 135 43961 40956 41368 41319 40016 42846 42928 47 372
51436 50019 50 049 43339 42664 40123 41799 41012 39 754 43 651 43 308 50 507
58 939 47 747 45098 42 658 41722 40568 41511 41178 39 415 43 417 42 983 45 628
49529 42513 46 133 43594 44212 41846 43230 42518 40973 43132 44583 48810
55663 45849 46 785 44 009 42973 42132 42319 40461 40322 44 243 43166 47 222
50 729 44 549 47 151 44 343 42814 42381 43494 56 454 40951 43519 43571 50031
49700 43 800 44 500 41500 40400 39300 39400 39200 39000 42400 41400 46 200
48 100 49 600 52 100 42 800 42 300 40800 39500 38600 38900

Source :

NSEE

1946 a 1974 : Non compris les nés vivants décédés avant la déclaration de naissance (faux mort-nés)
2003 : Rsultats provisoires 2004-2005 : Estimation d'aprées I'enquéte Villes
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Il reste que la moyenne mensuelle des températures quotidiennes minimale et maximale relevée a
Paris-Montsouris est un indicateur disponible et utile.

Avant d' examiner la relation entre température de I'air et mortalité, il n’est pas sans intérét de
tenter de mesurer |e poids des pointes mensuelles dans la mortalité de chague année civile.

Pointes mensuelles de mortalité

et nombre annuel de déces depuis 1946.

Un changement radical : la réapparition en 2003, apreés... 1969,
d’'un tresfort surcroit de déces essentiellement dQ,

non plusau alagrippeou au froid,

mais a une cause radicalement nouvelle : la canicule

Pour chacun des 12 mois des années 1946 a 2004 (cf. figures 2 a 13 ci-dessous), la surmortalité
correspondant a chacune des pointes de mortalité a été supposée égale a la différence entre le
nombre de déces enregistrés et I’ évaluation résultant de I’ interpolation entre les minima encadrant
la pointe de mortalité. Les surcroits mensuels de déces ains évalués font I’ objet du tableau 4. Le
tableau 5 rend compte de I'importance des surcroits mensuels de déces pour chacune des années
civiles de 1946 a 2004. Lafigure 1 ci-dessous donne une représentation graphique des résultats.

Figure 1 - NOMBRE ANNUEL DE DECES SURVENUS EN FRANCE METROPOLITAINE DEPUIS 1946
et nombre annuel de décés hors pointes mensuelles de mortalité,
en lI'absence de report des surcroits mensuels de décés

580 000
570 000 A
560 000 -
550 000 +

540 000 -
530 000 M
520 000 o * 4
)
510 000 -

500 000

—

490 000 A

480 000 T T T T
1945 1955 1965 1975 1985 1995 2005

‘ —&— Enregistrés =& Hors pointes ‘

Quel ques «bonnes» années ont scandé la baisse de mortalité (progression de |’ espérance de vie) de
I’ aprés-guerre : 1948, 1954, 1958, 1961, 1964, 1966, 1970, 1977, 1979, 1982, 1984, 1987, 1988,
1994 et 2004 (cf. figure 1 ci-dessus et tableau 5). Les années terribles ont été les années 1949,
1951, 1953, 1956, 1957, 1962, 1963, 1969... et 2003. Jusqu’'en 1969, toutes les tres fortes
surmortalité sont dues au froid et ala grippe. L es années avec un trés fort surcroit de déces ont
disparu de 1970 a 2002. Leur réapparition en 2003 a essentiellement une cause radicalement
nouvelle : lachaleur del’air.
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Tableau 3 - Moyenne mensuelle des températures quotidiennes minimale
et maximale a Paris-Montsouris (en degrés centigrades et dixiémes de degré)

An Janvier| Février] Mars| Avril | Mai | Juin [ Juillet] Aot [Septembre| Octobre |Novembre|Décembre
1946 1,3 7,2 73 12,7 144 16,3 199 179 17,0 11,2 8,0 2,1
1947 1,3 0,7 78 129 16,7 193 22,1 228 19,1 12,6 8,7 5,8
1948 7,1 48 109 11,7 155 16,9 18,2 18,2 15,9 11,3 7,1 51
1949 5,8 6,4 6,7 135 13,1 171 215 20,0 19,7 13,7 6,9 5,6
1950 3,2 8,0 89 98 154 20,0 204 19,0 15,0 11,3 8,2 14
1951 6,1 5,5 6,7 10,0 13,0 16,7 19,3 17,7 17,0 11,0 9,9 53
1952 4,0 3,8 88 13,1 16,2 184 20,8 194 13,0 10,9 5,5 4,1
1953 1,4 4,3 93 115 16,1 16,6 18,6 19,9 16,9 12,8 6,7 8,0
1954 2,2 2,6 89 97 141 16,8 17,1 179 15,7 13,5 8,5 7,3
1955 4,6 4,3 50 116 130 17,3 20,1 199 16,3 10,6 7,6 7,3
1956 4,9 -3,1 83 92 155 14,7 185 16,5 17,6 11,3 6,2 7,0
1957 3,9 81 11,2 10,8 12,2 18,7 19,7 18,0 15,4 12,1 7,5 4,5
1958 5,0 7,0 55 9,0 151 16,7 19,0 19,2 18,1 12,2 7,0 6,4
1959 3,8 4,8 96 11,7 154 184 21,6 199 18,8 13,5 7,5 6,7
1960 4.6 55 94 110 16,0 18,1 17,1 17,9 14,9 11,7 9,4 4,2
1961 4,1 9,1 10,2 13,7 133 17,4 18,2 19,1 19,6 12,5 6,9 5,0
1962 5,9 4,9 46 10,1 12,3 16,5 17,7 185 15,5 12,4 6,1 2,0
1963 -1,5 -05 7,7 109 129 16,9 19,3 16,8 15,6 11,9 10,3 14
1964 1,9 6,7 6,0 10,8 16,2 174 20,1 194 17,7 10,0 8,0 3,6
1965 4,4 2,7 82 104 140 1721 16,7 179 14,2 12,6 6,6 7,0
1966 2,4 9,0 78 12,1 13,8 186 17,6 17,9 16,8 12,9 6,0 6,8
1967 4,7 7,1 90 99 135 16,3 209 1838 16,0 13,6 7,1 4.4
1968 4,6 4.4 83 11,3 126 17,1 18,6 18,7 16,1 14,1 6,6 2,5
1969 6,2 3,3 7,7 11,0 14,7 16,6 20,6 19,3 17,2 14,4 8,0 1,7
1970 5,0 5,2 52 89 150 19,3 186 19,6 17,8 12,4 9,5 3,5
1971 4,3 5,7 51 12,0 16,1 16,0 20,8 19,0 16,6 12,7 6,5 5,3
1972 3,7 6,4 10,1 10,1 13,0 15,1 19,2 17,8 13,8 11,5 7,9 5,3
1973 3,9 4,5 78 92 144 185 189 214 17,7 11,4 7,3 4,8
1974 7,6 6,4 83 114 136 17,2 184 19,6 14,8 8,6 8,5 8,5
1975 7,7 7,0 6,1 104 12,7 171 20,2 21,8 16,6 10,2 7,4 3,6
1976 5,6 5,6 69 104 16,0 216 22,3 20,9 15,4 13,0 7,7 3,3
1977 4,6 7,6 98 93 136 156 18,7 17,8 15,0 13,6 8,0 6,7
1978 3,8 3,8 85 90 138 160 178 174 16,1 12,8 7,0 5,8
1979 -0,2 3,8 72 96 136 173 19,1 17,8 16,2 12,8 7,7 6,8
1980 2,4 7,4 71 10,0 13,7 16,3 17,3 19,8 17,5 111 6,1 4,3
1981 5,2 41 108 11,1 14,0 16,5 18,7 19,7 17,1 115 8,3 4,6
1982 4,6 6,2 80 105 150 19,2 21,2 188 18,9 11,9 9,2 5,6
1983 7,0 3,3 84 10,1 12,7 189 235 20,8 16,7 12,7 8,3 54
1984 5,3 4,7 66 11,1 118 17,6 20,0 19,6 15,4 12,8 10,7 5,5
1985 -0,3 4,0 6,5 11,4 14,7 16,4 20,3 1811 18,3 12,5 4,9 6,7
1986 4,8 -2 70 81 150 195 19,5 18,2 14,2 14,3 9,2 6,5
1987 -1,2 4,2 55 13,5 12,7 16,2 194 195 18,6 13,1 7,7 5,2
1988 7,8 6,0 79 11,8 156 17,4 183 19,7 16,2 13,3 7,2 8,2
1989 5,2 68 109 94 175 18,0 21,2 20,5 17,8 14,7 7,7 5,9
1990 6,1 10,0 10,3 10,5 17,4 16,7 20,6 22,3 16,1 14,4 8,3 4.8
1991 5,0 24 10,7 10,8 129 154 204 216 18,6 12,0 7,3 4,6
1992 4,1 6,3 93 109 171 17,8 20,8 211 16,1 10,1 9,7 5,5
1993 7,4 3,9 8,7 129 15,7 186 18,7 189 15,2 10,6 4,6 7,4
1994 6,7 59 105 104 15,1 18,2 231 20,2 15,5 12,6 11,9 7,3
1995 6,0 8,8 79 10,8 153 17,2 22,7 223 15,6 15,6 8,5 4,0
1996 4,7 3,5 74 11,8 12,7 19,1 19,7 19,7 15,1 12,7 7,6 3,0
1997 1,4 80 11,1 11,3 153 17,8 19,7 24,0 18,0 12,7 9,3 6,7
1998 5,8 7,2 95 106 17,2 185 18,7 20,6 16,9 12,3 5,9 6,0
1999 6,9 5,7 97 122 172 178 21,8 20,8 19,1 12,6 7,1 6,1
2000 5,0 7,7 93 11,5 16,7 18,8 183 21,0 17,6 12,7 8,9 7,8
2001 5,8 6,5 96 10,1 16,7 182 20,5 211 14,7 15,7 7,6 4,3
2002 6,2 85 10,1 12,3 145 19,1 195 198 16,3 13,0 9,7 7,3
2003 3,6 45 112 126 155 21,8 21,6 244 17,4 10,5

2004

2005

Source : METEO-FRANCE (d'aprées les moyennes mensuelles des températures quotidiennes minimale
et maximale relevées a Paris-Montsouris, deux séries homogénéisées aimablement communiquées
par Jean-Marc Moisselin)
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Tableau 4 - Surcroits de décés de janvier & décembre depuis 1946, d'aprés la différence,
pour chacune des pointes mensuelles de mortalité, entre le nombre de décés constituant la pointe
et I'évaluation résultant de l'interpolation entre les minima de décés encadrant la pointe considérée,
aux années précédente et suivante, au méme mois

An [JANVIE[FEVRIEMARS [AVRIL [MAI  [JUIN JJUILLET]AOUT [SEPT{OCTOHNOVENDECEN

1946(19513 6821 3959 1433 0 0 0 0 0 0 1524 3193
1947111679 10616 3787 1235 362 492 888 1687 517 1773 0 0

1948 0 0 0 0 0 0 1705 0 0 0 2261 8235
1949138817 12012 1561 376 0O 1980 2789 1857 918 758 5740 2597
1950 0 0 0 3521 3862 2857 2657 2365 1691 2267 3135 4883
195110403 8591 8684 6015 5086 3045 3169 1668 1870 2844 1114 3779
1952 0 0 0 1128 0 753 3348 0 825 1043 1237 4610
195316 066 22982 4 333 0 1677 O 0 404 0 355 2039 0

1954 0 5275 0 1310 2757 864 838 0 0 0 0 1551
1955 0 0 9473 2859 1161 1711 1351 1739 553 1078 2482 3243
1956 0 15990 12535 4292 3614 2368 1934 0 1705 O 3811 2648
1957 6044 1199 0 0 293 2647 2861 835 1779 4971 11347 9621
1958 2 539 0 4964 2512 0 0 0 0 0 626 1772 1855
1959 0 3450 5259 7150 3749 1533 1990 0 73 0 2 047 0

196011265 15592 3644 0 248 0 0 301 255 2559 0 1324
1961 0 0 0 0 0 2896 673 614 0 0 3688 2277

1962 1141 4148 14762 7482 1875 3526 1106 0 499 827 3183 6011
1963 7653 13546 17722 5220 2121 1213 2195 0 1579 827 0 2794

1964 1778 0 0 0 0 0 2 866 0 0 2278 2278 0
1965 0 5368 17439 539 1583 2122 0 0 1308 1052 0 104
1966 2 119 0 0 2176 0 1133 0 1019 0 448 2833 1826
1967 2228 5642 2039 1738 1601 1058 1819 606 1441 O 0 2979
1968 349 11884 9876 2706 0 0 0 0 0 71 110 2462
1969 0 2805 3038 3612 1122 1255 2196 780 1154 571 1027 27502
1970| 7 389 0 2090 1986 462 0 0 492 0 0 0 0
1971 5280 2423 4875 1580 0 941 3402 0 177 0 1262 3327
1972 5697 4439 0 0 806 819 1263 0 1180 1451 0 2711
1973[16 044 4023 480 1417 0 0 0 1855 0 2150 966 0
1974 0 0 485 943 1722 973 673 628 870 4323 2918 8123
1975 7252 2044 0 3402 1907 2192 2169 3675 1355 2993 722 818
1976 681 7134 6334 2367 1029 4092 3299 0 0 0 172 0
1977 0 0 0 2071 0 0 0 363 905 287 0 1286
1978 1459 8633 1182 0 257 158 990 0 0O 179 189 1833

1979 901 0 980 1200 1600 377 858 737 1164 2068 1531 0
1980 1544 723 0 1108 778 986 956 1641 572 2674 3082 2698
1981 5763 6245 2538 0 1148 881 0 1383 218 2518 1247 1831

1982 0 0 0 1786 807 0 2554 1250 1222 2033 411 1747
1983 1366 5248 3786 2217 0 1558 5962 1327 1339 1676 1872 2770
1984 0 0 2876 3048 962 2075 0 735 496 2518 0 532
1985] 9117 2501 4705 1907 1204 O 409 333 0 1105 3997 1398
1986 3726 8620 7583 1663 0 2093 0 0 1405 O 0 0
1987 3989 0 0 0 632 771 689 654 0 804 590 993
1988 0 0 2532 1025 0 0 0 389 941 1384 1088 2019
1989 1531 89 523 0 1064 343 1332 0 1275 2445 144 7992
1990| 9 005 0 0 981 0 0 1162 1125 0 796 0 2647
1991 0 3554 1006 471 1486 395 650 681 141 1946 1688 3408
1992 4026 3588 452 0 547 0 811 1080 829 1309 0 0
1993 0 1340 5298 935 612 1155 0 751 1404 1479 1936 7718
1994 923 1222 0 0 0 1099 2816 1693 1826 1092 0 0
1995 0 0 1811 2283 2427 2318 2634 2056 1592 1099 1556 4959
1996] 3029 5404 2564 1162 2061 1862 1144 0 1343 411 1591 5930
199711390 3326 0 0 1032 O 798 2513 0 0 1397 0

1998 0 4298 6542 4613 2312 1635 0 1222 615 401 1268 1643
1999 3352 8031 4911 249 979 805 360 824 346 1027 1692 4829
2000( 10133 5497 0 0 0 1254 0 899 0 614 1410 0
2001 0 0 1185 1226 2821 2535 2222 2148 1662 150 3053 3039
2002 6491 2907 1986 1930 1912 2825 1814 0 1115 1082 1679 1308
2003 1915 1178 2502 2554 2084 3077 3491 16624 1847 179 2128 3974
2004 | 1243 0 0 0 0 0 0 0 0 0 0 0
2005 0 5800 7600 1300 1900 1500 100 0 0

72



Tableau 5 - Nombre annuel de décés enregistrés en France métropolitaine 1946 & 2004,

surcroit annuel de déces d'aprés les pointes mensuelles

et nombre annuel de déces hors pointes mensuelles de mortalité

en |'absence de report des surcroits mensuels de déces

An Nombre annuel de déces Surcroit de déces relativement
Enregistrés | Surcroit (pointes mensuelles) | Hors pointes aux déces hors pointes (%)
1946 545 880 36 442 509 438 7,15%
1947 538 157 33035 505 122 6,54%
1948 513 210 12 201 501 009 2,44%
1949 573 598 69 405 504 193 13,77%
1950 534 480 27 239 507 241 5,37%
1951 565 829 56 265 509 564 11,04%
1952 524 831 12 943 511 888 2,53%
1953 556 983 47 855 509 128 9,40%
1954 518 892 12 594 506 298 2,49%
1955 526 322 25 652 500 670 5,12%
1956 545 700 48 896 496 804 9,84%
1957 532 107 41 596 490 511 8,48%
1958 500 596 14 268 486 328 2,93%
1959 509 114 25 250 483 864 5,22%
1960 520 960 35 186 485 774 7,24%
1961 500 289 10 148 490 141 2,07%
1962 541 147 44 559 496 588 8,97%
1963 557 852 54 869 502 983 10,91%
1964 520 033 9 200 510 833 1,80%
1965 543 696 29514 514 182 5,74%
1966 528 782 11 553 517 229 2,23%
1967 543 033 21149 521 885 4,05%
1968 553 441 27 459 525 982 5,22%
1969 573 335 45 060 528 275 8,53%
1970 542 277 12 419 529 858 2,34%
1971 554 151 23 267 530 884 4,38%
1972 549 900 18 365 531535 3,46%
1973 558 782 26 934 531 848 5,06%
1974 552 551 21 657 530 894 4,08%
1975 560 353 28 528 531 825 5,36%
1976 557 114 25108 532 006 4,72%
1977 536 221 4911 531 310 0,92%
1978 546 916 16 497 530 419 3,11%
1979 541 805 11 413 530 392 2,15%
1980 547 107 16 762 530 345 3,16%
1981 554 823 23772 531 051 4,48%
1982 543 104 11811 531293 2,22%
1983 559 655 29 119 530 536 5,49%
1984 542 490 13 241 529 249 2,50%
1985 552 496 26 674 525 822 5,07%
1986 546 926 25089 521 837 4,81%
1987 527 466 9121 518 345 1,76%
1988 524 600 9377 515 223 1,82%
1989 529 283 16 738 512 545 3,27%
1990 526 201 15716 510 485 3,08%
1991 524 685 15 425 509 260 3,03%
1992 521 530 12 641 508 889 2,48%
1993 532 263 22 626 509 637 4,44%
1994 519 965 10671 509 294 2,10%
1995 531 618 22735 508 883 4,47%
1996 535 775 26 501 509 274 5,20%
1997 530 319 20 456 509 863 4,01%
1998 534 005 24 550 509 455 4,82%
1999 537 661 27 404 510 257 5,37%
2000 530 864 19 806 511 058 3,88%
2001 531 073 20 039 511 034 3,92%
2002 535 144 25 049 510 095 4,91%
2003 549 987 41551 508 436 8,17%
2004 506 800 1243 505 557 0,25%

N. B. : Les surcroits mensuels de déces ont été déterminés, pour chacune des pointes mensuelles de mortalité,
par différence entre le nombre de décés constituant la pointe et I'évaluation résultant de I'interpolation entre les minima
de décés encadrant la pointe considérée, aux années précédente et suivante, pour le méme mois de calendrier.
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La modération des surcroits de mortalité de 1970 a 2002 a notamment pour cause une politique
active de prévention des épidémies de grippe (en particulier par la production de vaccins suivant
les modifications des virus et par la gratuité de la vaccination pour les personnes agées), et de
protection contre le froid (notamment par le logement social avec chauffage central). On peut
espérer que les pouvoirs publics sauront mettre en cauvre pour |’ avenir la prévention du risque lié
alachaleur.

Globalement, par dela ses variations annuelles, le surcroit de déces di aux pointes mensuelles de
mortalité a été tres élevé jusqu’ au milieu des années 1960, avec 6 ou 7 % des déces. Il a ensuite
diminué, passant a 5 % pour les derniéres années 1960, puis a 4 % pour les premiéres années
1970, et & 3 % pour la seconde partie des années 1970. La diminution du surcroit des déces
S arréte dés les premiéres années 1980 : 4 % en 1981-1985, retour aux 3 % en 1986-1990 et en
1991-1995, mais 5 % en 1996-2000, 4 % en 2001, 5 % en 2002, 8 % en 2003. L’année 2004 est
exceptionnelle avec un surcroit de décés proche de 0 %.

La part des mois chauds, de mai & septembre, dans le surcroit annuel de décés annuel a été en
moyenne de 1 % de 1991 a 2000. Elle s éléeve a 2,2 % en 2001, 1,5 % en 2002 et 5,3 % en 2003,
avant de tomber a 0 en 2004.

Déces par mois et températuredel’air depuis 1946

Les figures 2 a 13 montrent, pour chacun des mois, de janvier a décembre, deux courbes

représentant

- I'une, le nombre de décés en France métropolitaine depuis 1946 pour le mois désigné dans
I"intitulé de la figure (courbe continue) ; I’année figure en abscisse et I’ échelle figurant sur
I” axe des ordonnées désigne e nombre de déces [source INSEE],

- Iautre, la moyenne mensuelle des températures quotidiennes minimale et maximale relevées a
Paris Montsouris depuis 1946 pour le mois désigné dans I'intitulé de la figure (courbe en
tiretés) ; I'année figure en abscisse et la température en ordonnée. L’échelle des
températuresn’est pas donnée sur I’axe des ordonnées (cf. tableau 3 ci-dessus) [source
METEO-FRANCE]. L’ échelle des températures est inversée pour les mois de janvier a avril et
d octobre a décembre (figures2 a5 et 10 4 13).

Le prochain rapport comprendra |’ analyse de ces données.

On examinera simplement dans |e présent rapport, de la maniére la plussimple,

- laquestion de savoir s la canicule d aolt 2003 a simplement hété la mort de personnes en fin
devie,

- quelgues aspects de la canicule d’ ao(t 2003,

- et I’évaluation du surcroit de décés dus ala canicule d' ao(t 2003.

Lacaniculed’ aolt 2003 n’a pas haté lamort de personnes en fin devie.
Elle aemporté desvies destinéesa durer.

L e simple examen du nombre mensuel de déces permet, sans I’ ombre d’un doute, de répondre ala
guestion

Le nombre de déces survenus en septembre 2003 est un des plus élevés enregistrés pour ce mois
au cours des 20 dernieres années, alors méme qu'on n'observe guére de tendance a
I”augmentation : 41 000 décés en 2003, comme en 2001 et en 1994, contre 41 200 en 1986.
Aucune diminution de I’ effectif des défunts en raison du surcroit de déces dus a la canicule en
aolt N’ est perceptible, méme s'il est vrai que cette diminution aurait pu étre compensée par une
surmortalité caniculaire tardive.
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En octobre et en novembre 2003, on est proche des valeurs les plus basses des années précédentes.
Iy a sans doute un moindre nombre de déces en raison d’une mortalité avancée au mois d’ aodt,
sous I’ effet de la canicule, mais ce phénomene est tres discret : il n’entraine guere de diminution
particuliere, relativement aux mois d’ octobre et de novembre des années précédentes.

En décembre 2003, sous I’ effet d’une épidémie de grippe, on enregistre 50 000 décés (contre
48 800 en 2001, 47 200 en 2002 et 46 200 en 2004).

Janvier, février et mars 2004 s'inscrivent dans I’ évolution observée de 2003 a 2005, en faisant
abstraction des effets de I épidémie de grippe de février et mars 2005.

On observe cependant un veéritable décrochage du nombre de décés d’ avril a novembre 2004. Mais
ce décrochage ne peut étre attribué a quelque déficit de I’ effectif des défunts compensant le
surcroit du mois d'aolt 2003. Tout dabord, il nest guére vraisemblable qu'une telle
compensation se manifeste soudainement huit a quinze mois apres aolt 2003. D’ autre part, les
nombres minimaux de décés mensuels observés en 2004 sont prolongés en 2005, soit par un
nombre sensiblement égal (juillet et septembre, dernier mois d’ observation disponible pour 2005),
soit par un nombre moindre (ao(t), soit encore par un nombre certes supérieur, mais peu différent
des minima observés depuis 1989 (avril et mai), soit enfin par un nombre qui reste en dega de
I effectif mensuel des déces survenus de 2001 a 2003 (juin).

Dans leur grande majorité, les victimes de la canicule d’aot 2003 n’ étaient manifestement pas
destinées a décéder au cours des jours, des semaines ou des mois suivants, méme s elles étaient
des personnes ageées isolées, vivant seules ou en institution, dont les facultés ou la santé étaient
défaillantes.

Il reste évidemment que, pour une petite partie des victimes, en absence de canicule, le déces
serait survenu au cours des mois suivants de I’ année 2003 ou en 2004. Leur nombre est sans doute
de I’ordre de 3 000, représentant quelque 200 décés par mois en moyenne de septembre 2003 a
décembre 2004.

La mortalité caniculaire d’aolt 2003 n’a guer e entrainé de réduction du nombre de décés au
cour s des quinze mois suivants, sinon de maniere minime. La canicule n’a pas héaté la mort
de personnes en fin de vie. Pour I'essentiel, elle a arrété des vies destinées a durer encore
plusieurs années, conformément a I’ espérance de vie de chaque classe d’ &ge, ou |égerement
moins.

Sur le caractere extraordinaire dela mortalité d’ ao(t 2003

Pour saisir |e caractere extraordinaire de la mortalité d’ ao(t 2003 (56 454 déces), il faut
constater

- qgu'elle représente, pour le mois d aolt, le maximum observé depuis 1946, loin devant
le précédent (45 287 en 1975),

- guelle est supérieure aux maxima observés depuis 1946 pour les mois de printemps,
d été ou d automne, a |’ exclusion de décembre (49 690 en avril 1951, 45 496 en mai
1951, 45 449 en juin 1976, 49 570 en juillet 1983, 42 164 en septembre 1975, 48 213
en octobre 1974, 42 329 en novembre 1957),

- et que, non seulement elle se compare aux maxima des mois d hiver, de décembre a
mars, mais que, par surcroit, il faut remonter a 1963 pour retrouver un maximum a
peine supérieur au mois de février (57 997), a 1968 pour mars (57 273), a 1974 pour
décembre (56 731). C'est seulement pour janvier qu'il suffit d’aller 3 ans auparavant
(58 939 en 2 000), et non plus 40, 350u 29 ans.
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Sur lenombre de décésdus a la canicule d’ ao(it 2003

Letableau 4 ci-dessus donne une évaluation du surcroit de déces dus ala canicule d' aolt
2003 : 16 624 déces. Cette évaluation est égale ala différence entre le nombre de déces
enregistrés au mois d ao(t et celui résultant de I’ interpolation entre les minima de décés
observeés au mois d aolt en 2002 et en 2004.

A vrai dire, laconsidération gqu’il n'y a pas eu de surcroit de décés di ala chaleur au mois
d ao(t 2002 serarévisée dans le prochain rapport, mais cette révision n’ entrainera pas de
changement de I’ évaluation du surcroit de déces attribuables ala canicule d’ aolt 2003.

Figures2a13:
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Figure 2 - JANVIER - Déces par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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Figure 3 - FEVRIER - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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Figure 4 - MARS - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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Figure 5 - AVRIL - Déces par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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Figure 6 - MAI - Déces par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale (tiretés)
relevées a Paris-Montsouris, suivant séries mensuelles homogénéisées
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Figure 7 - JUIN - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale (tiretés)
relevées a Paris-Montsouris, suivant séries mensuelles homogénéisées
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Figure 8 - JUILLET - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale (tiretés)
relevées a Paris-Montsouris, suivant séries mensuelles homogénéisées
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Figure 9 - AOUT - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale (tiretés)
relevées a Paris-Montsouris, suivant séries mensuelles homogénéisées
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Figure 10 - SEPTEMBRE - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale (tiretés)
relevées a Paris-Montsouris, suivant séries mensuelles homogénéisées
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Figure 11 - OCTOBRE - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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Figure 12 - NOVEMBRE - Déces par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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Figure 13 - DECEMBRE - Décés par mois en France métropolitaine depuis 1946
et moyenne mensuelle des températures quotidiennes minimale et maximale
relevées a Paris-Montsouris (tiretés, échelle inversée),
suivant séries mensuelles homogénéisées
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