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Juste après l’Âge de Glace survînt le très
rarement mentionné Âge de la Boue 

	



La météorologie
Étude des phénomènes atmosphériques (nébulosité, précipitations, vent…) pour 
savoir comment ils se forment et évoluent en fonction de paramètres tels que la 

pression, la température et l’humidité. 
Elle décrit l’état de l’atmosphère à un instant donné localement.

Le climat 
Moyenne statistique des conditions atmosphériques

(température, précipitation et pression atmosphérique) calculée pour
un intervalle de temps de plusieurs années, à l'échelle d'une région, d'un pays. 

Résulte des paramètres astronomiques, des éruptions volcaniques, de la composition 
de l'atmosphère, des interactions entre roches, air, eau, glace et organismes vivants.



Mesure de la température

Fahrenheit (Daniel Gabriel, 1724)
T° plus basse : température mesurée à Dantzig hiver 1708-1709
T° plus haute : température de sa femme, sang cheval
Intervalle divisé en 12 parties de 8° chacune, soit 96°F

Celcius (Anders, 1742)
T° plus basse : température de congélation de l'eau
T° plus haute : température d'ébullition de l'eau
Échelle centigrade de 0 à 100°C

1701-1744 Suède

1686-1736, Pologne



1er juillet 1973

1er janvier 2021

1er janvier 1973

1er juillet 2021

Observations température journalière
Station Marignane aéroport (6m)

(https://www.meteociel.fr/)



Températures moyennes

Quotidienne:
Moyenne de 8 observations par 24h (toutes les 3h)

Moyenne de 24-96-144 observations quotidiennes (1-4-6 par heure)
(Tmin + Tmax)/2 (aisément comparable entre stations et enregistrements anciens)

Moyennes pondérées des méthodes précédentes

Mensuelle:
Moyenne des moyennes quotidiennes

Annuelle:
Moyenne de 12 moyennes mensuelles

Calibration:
Mesures continues (toutes les secondes)



Archives des variations climatiques

Historiques (1-1000 ans)

Biologiques (1-10.000 ans)
anneaux de croissance arbres - pollens
assemblages plantes, insectes

Glaciaires glaces (1-700.000 ans)

Géologiques sédiments marins (500-107 ans)
biogéniques (plancton, coraux fossiles) (1-106 ans)
inorganiques (argiles, poussières) (1-100.000 ans)

continents (1-106 ans)
dépôts glaciaires - lignes de côte - lacs
spéléothèmes - sols – tourbières (1-10.000 ans)



Types d’informations historiques

Textes anciens (5000BP avec crues Nil, textes chinois 3700-3100BP,
chroniques arabes 1000BP…).

Annales, chroniques

Enregistrements gouvernement

Enregistrements compagnies privées (maritimes et commerciaux)

Documents personnels (journaux, lettres…)

Enregistrements scientifiques (glaces, lacustres, tourbières…)



Problèmes:

Informations souvent descriptives (sévère, modéré, intense…). Il convient
Donc de corriger cet aspect pour chaque narrateur, chaque site et chaque
période culturelle. Une période chaude en Islande sera plus facilement
remarquée…

Incertitudes sur dates et calendriers, sur définition des saisons.

Informations discontinues, évolutions à long-terme non observées directement

Observations réalisées non dans un but d'étude du climat mais culturel,
économique.



Organisation météorologique internationale
(Rome, 1879)

Echange de données météorologiques continentales standardisées

Organisation météorologique mondiale
(Washington, 1951)

Observatoire des ouragans, protection couche d'ozone, création du GIEC,
observatoire hydrologique mondial, prévention catastrophes naturelles, veille technologique

conférence internationale de météorologie maritime
(Bruxelles, 1853)

Météos marines pour développement navigation commerciale 
(vents et courants océaniques)

Echanges de données (invention du télégraphe)
Règles communes pour la prise de mesures et descriptions



Hivers volcaniques…

https://www.futura-sciences.com/planete/



TROPOSPHÈRE

STRATOSPHÈRE

1990 1995 200019851980

- 5 à 10% d’énergie reçue

Cerro Hudson

1991
Pinatubo

1982
El Chichon

Effets des éruptions volcaniques sur le bilan thermique



Effets des éruptions volcaniques sur le bilan thermique



Indice d’explosivité volcanique
(Volcanic Explosivity Index)

(Newhall and Self, 1992)



https://learnodo-newtonic.com/mount-tambora-facts

- Explosion initiale entendue à 1400 km le 5 avril et 2600 km le 10 avril
- 113 km3 de magma (non condensé) 
- 100 millions de tonnes d’aérosols
- Nuage à 40 km d’altitude

10 avril 1815: éruption du Tambora (Indonésie)

Cratère résultant de l’éruption (et d’une perte de relief de 1500m)

81500 millions de tonnes de magma auraient recouvert Paris intra muros sur 1 km



Victimes estimées: 91000 (famine,  tsunamis, explosion)

10.000 fois la puissance combinée des explosions d’Hiroshima et Nagasaki



(Cole-Dai et al., 1991, 2013)

Enregistrements glaciaires des apports d'aérosols sulphatés

the ALC technique [Cole-Dai et al., 2009]; the ALC dating
of WDC06A is ongoing and has resulted in a preliminary
chronology (time scale WDC06A-7) for the analyzed por-
tion of the core.
[11] Prominent volcanic events in the ice cores are identi-

fied using the outstanding sulfate signals [Ferris et al.,
2011] and the dates of the signals according to the time scale
established with the dating procedures (discussed below).
For example, the largest volcanic signal in the Summit cores
appearing in the second half of 1783 is left by the June 1783
eruption of the Laki volcano in Iceland [Lanciki et al., 2012].
Sulfate of several outstanding volcanic events including two
in the 1450s decade in the Summit cores was extracted. For
each event, two temporally consecutive or time-separated
sulfate samples were produced, with the exception of the
Laki event (four samples). Extracted sulfate of all samples
was analyzed for sulfur isotope (32S, 33S, and 34S) composi-
tion. The methods and procedures of the extraction process
and isotope measurement have been described elsewhere
[Cole-Dai et al., 2009; Lanciki et al., 2012]. No sulfur
isotope measurement was performed for volcanic events in
WDC06A, due to insufficient volcanic sulfate mass.

3. Results

3.1. Ice Core Dating
[12] The CFA-IC-analyzed sections of Summit Cores 1, 2,

and 4 are spliced together for a composite core (SM07C) with
continuous CFA-IC data, based on matching outstanding sul-
fate signals of prominent volcanic events in overlapping core
sections. The annual Ca2+ concentration peaks in Summit
Core 1 were counted to yield the age of 1820 C.E. at the

depth of 66.50 m. By matching the Tambora volcanic sulfate
signal in Core 2 (maximum sulfate concentration at 67.62 m)
with that in Core 1 (at 67.44 m), the 1821 layer in Core 2 was
determined to begin at 66.68 m. By subtracting 0.18 m from
the depth of Core 2, the portion of Core 2 from 66.68 to
161.47 m (Core 2 was analyzed from 66.38 to 161.75 m
and from 199.43 to 206.39 m) was appended onto the depth
scale of Core 1. This enabled the annual layer counting to
continue in Core 2. Similarly, deeper portions of Core 2
(199.55–205.15 m) and Core 4 (161.41–199.90 m and
205.23–217.49 m) were appended onto the depth scale of
the portion of Core 2 appended on the Core 1 depth scale,
yielding a combined core of 0–217.65 m. Continuous
counting of annual Ca2+ concentration maxima [Cole-Dai
et al., 2009; Lanciki et al., 2012], complemented with annual
maxima of Na+ and NO3

! concentrations, yielded the year of
1200 C.E. for the layer at the bottom (217 m) of this compos-
ite core. A year resulting from this dating procedure begins in
the boreal spring (nominally 1 April), when Ca2+ concentra-
tion in Greenland snow reaches the annual maximum, and
ends in March of the next calendar year. Dating errors result
from ambiguous annual cycles, either as a positive error
when a questionable cycle is counted or as a negative one if
the cycle is omitted. The cumulative dating error or uncer-
tainty, resulting from ambiguous annual layer indicators,
for SM07C is +3/!3 years at 1200 C.E.
[13] The annual cycles of non-sea-salt-(nss-)SO4

2!, Na+,
and Mg2+ concentrations by CFA-IC were used to date the
top 114 m portion of WDC06A, while those of several
elements including nss-S and black carbon were used to date
the top 203 m [Banta et al., 2008]. In the overlapping portion
(0–114 m), the dating results using the CFA-IC ion data and

Figure 1. Average annual nss-SO4
2! concentrations in (a) the SM07C core from Summit, Greenland, and

(b) the WDC06A core from WAIS Divide, West Antarctica. The annual averages are derived from sample
nss-SO4

2! concentrations [Ferris et al., 2011]. The anthropogenic sulfur emissions in the nineteenth and
twentieth centuries are responsible for elevated background concentrations in the SM07C record. The
slightly higher level of nss-SO4

2! in the 1200–1586 period of WDC06A is the result of measured nss-S
containing nonsulfate species (e.g., MSA). The signals of the 1815 Tambora eruption and that of the
1783 Laki eruption are identified by the signal dates.

COLE-DAI ET AL.: TWO VOLCANIC ERUPTIONS IN THE 1450S

7461

(a) Greenland

Depth (m)



QUELQUES MOIS APRÈS L'ÉRUPTION…



Observatoire de Paris
Température moyenne max (min): 19.8°C (11.3°C)
Seulement trois jours avec des éclaircies sur le mois (Méteo France)



Anomalies de températures, été 1816, à partir d'enregistrements météorologiques 
(par rapport à 1961-1990)

impact on radiation per unit mass.19,25 The peak net
radiative forcing from Tambora was about
−5 W m−2 (defined as global downward short-wave
radiative forcing at the tropopause25 or global top-
of-atmosphere downward net radiation anoma-
lies26,27). The climate response to this thick aerosol
cloud is discussed in the following sections.

CLIMATE RESPONSE
IN OBSERVATIONS
Widespread meteorological observations across much
of Western and Central Europe began in the
1780s.28 Longer series have been developed at the
monthly timescale for a number of locations extend-
ing back to the 17th century.29–32 More recent work
has seen this development extended to the daily
timescale33–37 ranging from Iberia in the west to
European Russia in the east. By the 18th century,
efforts to develop distinct meteorological networks
had emerged due to the urgings and coordination of
the Royal Society in England (by the Society’s Secre-
tary James Jurin), from the medical fraternity in
France (by the Societe Royale de Medecine
1776–1789), in Bavaria (by the Bavarian Academy
of Science 1781–1789, in the Bayerische Ephemeri-
den) and across Europe (under the Societas Meteoro-
logica Palatina in Mannheim, 1781–1792), even
enabling weather maps to be drawn for this dec-
ade.38 The Mannheim Ephemerides, reporting subda-
ily meteorological observations from a network of up
to 50 stations, ended in 1792 due to the Napoleonic
Wars, and the availability of material for the 1800s
and 1810s is somewhat less extensive than the two
earlier decades and since the 1820s. Briffa and
Jones39 presented temperature anomaly maps for the
four seasons during 1816 and for the 1810s
(1810–1819) with respect to 1951–1970 for tempera-
ture and 1921–1960 for precipitation. These were
based on 46 temperature and 29 precipitation series.
The precipitation series were restricted to Poland
westwards, but temperature data were available at
Archangel, Vilnius, St Petersburg, Kiev and Kazan
east of Poland. In Figure 3, we update these results
using more recently produced series from Europe and
extend the independently reconstructed sea-level
pressure, temperature, and precipitation maps32,40 to
encompass more areas of the North-
Atlantic-European region than available in 1992.

Atmospheric circulation in the summer of 1816
was characterized by a weak Azores high and a
strong Icelandic low (Figure 3, top). Sea-level pressure
reconstructions based on land station pressure series

and information from ship log books from the eastern
North Atlantic40 reveal below normal pressure over
the North Atlantic European region (30!W–40!E
and 30!–70!N) connected with more frequent low-
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FIGURE 3 | (Top): Sea-level pressure (contour lines, in hPa) and
anomalies (stippled lines; in hPa) for summer (June-August) 1816
statistically reconstructed using station pressure series in combination
with ship log book information from the northeastern North Atlantic
(data from Küttel et al.40). (Middle): temperature anomalies (in !C) for
summer 1816 statistically reconstructed using station temperature
series only (data from Casty et al.32). (Bottom): precipitation (in % of
the 1961–1990 average) for summer 1816 statistically reconstructed
using station precipitation series only (data from Casty et al.32).
Temperature and precipitation reconstructions in the outer margins of
Europe and the Mediterranean are less certain due to the lack of
meteorological station information for those areas. All anomalies are
with respect to 1961–1990.

WIREs Climate Change Tambora 1815 as a test case for high impact volcanic eruptions

© 2016 The Authors. WIREs Climate Change published by Wiley Periodicals, Inc.

(Raible et al., 2016)



impact on radiation per unit mass.19,25 The peak net
radiative forcing from Tambora was about
−5 W m−2 (defined as global downward short-wave
radiative forcing at the tropopause25 or global top-
of-atmosphere downward net radiation anoma-
lies26,27). The climate response to this thick aerosol
cloud is discussed in the following sections.

CLIMATE RESPONSE
IN OBSERVATIONS
Widespread meteorological observations across much
of Western and Central Europe began in the
1780s.28 Longer series have been developed at the
monthly timescale for a number of locations extend-
ing back to the 17th century.29–32 More recent work
has seen this development extended to the daily
timescale33–37 ranging from Iberia in the west to
European Russia in the east. By the 18th century,
efforts to develop distinct meteorological networks
had emerged due to the urgings and coordination of
the Royal Society in England (by the Society’s Secre-
tary James Jurin), from the medical fraternity in
France (by the Societe Royale de Medecine
1776–1789), in Bavaria (by the Bavarian Academy
of Science 1781–1789, in the Bayerische Ephemeri-
den) and across Europe (under the Societas Meteoro-
logica Palatina in Mannheim, 1781–1792), even
enabling weather maps to be drawn for this dec-
ade.38 The Mannheim Ephemerides, reporting subda-
ily meteorological observations from a network of up
to 50 stations, ended in 1792 due to the Napoleonic
Wars, and the availability of material for the 1800s
and 1810s is somewhat less extensive than the two
earlier decades and since the 1820s. Briffa and
Jones39 presented temperature anomaly maps for the
four seasons during 1816 and for the 1810s
(1810–1819) with respect to 1951–1970 for tempera-
ture and 1921–1960 for precipitation. These were
based on 46 temperature and 29 precipitation series.
The precipitation series were restricted to Poland
westwards, but temperature data were available at
Archangel, Vilnius, St Petersburg, Kiev and Kazan
east of Poland. In Figure 3, we update these results
using more recently produced series from Europe and
extend the independently reconstructed sea-level
pressure, temperature, and precipitation maps32,40 to
encompass more areas of the North-
Atlantic-European region than available in 1992.

Atmospheric circulation in the summer of 1816
was characterized by a weak Azores high and a
strong Icelandic low (Figure 3, top). Sea-level pressure
reconstructions based on land station pressure series

and information from ship log books from the eastern
North Atlantic40 reveal below normal pressure over
the North Atlantic European region (30!W–40!E
and 30!–70!N) connected with more frequent low-

Sea-level pressure (hPa)
70N

60N

50N

40N

30N

70N

60N

50N

40N

30N

70N

60N

50N

40N

30N

Precipitation (%)

–2.5

–2

–1.5

–1

–0.5

0

0.5

220

200

180

160

140

120

100

80

60

40

1

1.5

2

2.5

–6

–4

–2

0

2

30W 20W 10W 0 10E 20E 30E 40E

30W 20W 10W 0 10E 20E 30E 40E

30W 20W 10W 0 10E 20E 30E 40E

Temperature (K)

FIGURE 3 | (Top): Sea-level pressure (contour lines, in hPa) and
anomalies (stippled lines; in hPa) for summer (June-August) 1816
statistically reconstructed using station pressure series in combination
with ship log book information from the northeastern North Atlantic
(data from Küttel et al.40). (Middle): temperature anomalies (in !C) for
summer 1816 statistically reconstructed using station temperature
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WIREs Climate Change Tambora 1815 as a test case for high impact volcanic eruptions

© 2016 The Authors. WIREs Climate Change published by Wiley Periodicals, Inc.

Anomalies de précipitations, été 1816, à partir d'enregistrements météorologiques 
(en % par rapport à 1961-1990)

(Raible et al., 2016)



analyzed with 500-hPa geopotential heights and 850-hPa
wind vectors (Figs. 4c,d), shows a weakening of theWest
African and East Asian monsoon circulations. West-
erlies increase over the subtropical North Atlantic and
subtropical Pacific and decrease over the midlatitudes.
The weakening of the monsoon circulations has been

interpreted in previous studies as a consequence of re-
duced land–sea thermal contrasts (Joseph and Zeng
2011). The reduced solar radiation causes an overall
reduction of temperature and evaporation over the
continents. The cooling of the landmasses is stronger
than that of the oceans because of the different heat
capacity and thereby is weakening atmospheric circu-
lation and hence moisture flux. The reduced latent heat
release in the free troposphere further weakens the

circulation. This mechanism is consistent with ourmodel
simulations (Figs. 4a, S2), although SSTs do not react to
forcing in our model. Embedded in the large-scale
cooling, a weak warming below 850 hPa appears over
central Africa and southern Asia in summers following
eruptions, which was noted in previous studies (Joseph
and Zeng 2011). This surface warming is caused by the
locally increased shortwave radiation, resulting from
the reduction in cloud cover, and a decrease in surface
evaporation. However, cooling dominates in the free
troposphere over the tropics.
Until now, there has been no satisfying explanation

for the posteruption summer precipitation increase over
south-central Europe, which was documented for in-
dividual cases such as the summer of 1816 following the

FIG. 1. Boreal summer hydroclimatic anomalies averaged across 14 tropical volcanic erup-
tions. (a),(b) Difference based on statistical climate reconstructions between summers fol-
lowing volcanic eruptions and reference climatologies [PDSI is shown in (a)] and (c),(d)
ensemble mean difference in ECHAM5.4 climate model simulations (composite of 420 sim-
ulated eruptions). Differences are with respect to reference periods around each eruption
(ALL-REF). Stippled areas represent significant differences (t test, 95% confidence level). All
difference fields except (b) are field significant.
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Anomalies de précipitations estivales en Europe
à la suite d'éruptions volcaniques (n=14)

(Wegman et al., 2014)
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Reconstruction
Cernes d'arbres, glaces, sédiments, archives

Modèle
ECHAM 5.4 



(Wegman et al., 2014)

Tambora eruption (Auchmann et al. 2012) or the 1258
eruption (Stothers 2000; see supplemental material for
reconstruction and model response in summer 1816). In
the model simulations, the meridional pressure gradient
in the eastern North Atlantic is weakened in summer,
resembling a negative phase of the North Atlantic Os-
cillation (Fig. 4c). This causes a southward shift of the
storm track (Fig. 4d) and extended moisture advection
toward southern Europe. Anomalous uplift over the

eastern Mediterranean Sea, increasing convection, is
indicated by the response in vertical velocity (Fig. 4c).
Recent studies have suggested a link between circu-

lation changes over the North Atlantic and changes in
the African monsoon system (Gaetani et al. 2011). The
mechanism proposes that a weakening of the West Af-
ricanmonsoon, with decreased convection in the Sudan–
Sahel region, weakens the Hadley cell and leads to
weaker subsidence over the eastern Mediterranean and

FIG. 2. Boreal winter (December–February) temperature and precipitation anomalies av-
eraged across 14 tropical volcanic eruptions. (a),(c) Difference from statistical climate re-
constructions and (b),(d) ensemble mean difference in ECHAM5.4 climate model simulations
(composite of 420 simulated eruptions). Differences are calculated for each eruption relative to
a reference period around each eruption, and then averaged across all 14 eruptions (ALL-
REF). Stippled areas represent significant differences (t test, 95% confidence level). Only (b) is
field significant (95% confidence level).

15 MAY 2014 WEGMANN ET AL . 3687

Modèle - ECHAM 5.4 Reconstruction 

Anomalies de précipitations hivernales en Europe
à la suite d'éruptions volcaniques (n=14)
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Modèle - ECHAM 5.4 Reconstruction 

Anomalies de températures hivernales en Europe
à la suite d'éruptions volcaniques (n=14)



Maximum
contemporain entre
1950 et 2000

Minimum
Maunder

Irradiance solaire depuis 400 ans

SIDC, 2014

Minimum
Dalton



Charpentier, Le Nouvel Observateur



- Pluies abondantes et gelées détruisent les récoltes en Europe, Amérique du Nord et Asie
- Glaces sur routes et lacs en été aux US (côte Est) et en Chine
- Prix des céréales et pommes de terre multipliés par 5-10
- famines, désordres urbains, mouvements de population

Prix des céréales (100 kg) et émigration (Württemberg, Allemagne)

(Stommel and Stommel, 1983; Oppenheimer, 2003; Behringer, 2016; Glaser et al., 2017)



Chaîne historique (XIXe siècle) de cause à effet sur l’émigration 
(Wüttemberg, Allemagne)

Glaser et al., 2017

Rendement récoltes
(pomme de terre,

céréales)
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La "laufsmachine" ou "machine à courir"
Le vélocipède (en France) de Karl Von Drais, 1817

Le 12 juillet 1818, le baron parcourt 14.4 km en une heure 



Le manque de communication ne permet pas en 1815-1816 de 
prendre conscience de l’ampleur mondiale de cet événement…

… mais il nous reste un vision durable qui nous 
vient de témoins particuliers…



Max Schreck, Nosferatu 1922Boris Karloff, Frankenstein 1931



La villa Diodati et son jardin



Mary Godwin Percy Shelley

Claire Clermont George Byron







UN NOUVEAU MONSTRE S'INVITE À LA FÊTE…



Vibrio choleræ
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changed health condition and behaviour of humans and cattle was. The weakened individuals
were more susceptible to diseases. In desperation, many people left their villages and moved to
the cities, where diseases could spread much more easily. The military activities in these years 
(war between the British East India Company and the Maratha Empire in India) also played a
role in spreading diseases. Similarly, cattle diseases perhaps could spread more easily.

Are these biophysical effects of the eruption or are they rather related to changes in the
human behaviour? Prices of food, feed and Ö rewood as well as famines, health issues orÖ
migration are economic, political, or societal mechanisms rather than biophysical effects. 146

Therefore, in the remaining part of this brochure, we focus on the human system. Before
doing that, however, we give a brief summary of the Earth system effects of the Tambora
eruption (or volcanic eruptions in general) in Fig. 18. The effects encompass volcanological
phenomena, plume dynamics, chemical, microphysical and radiative processes in the atmo-
sphere, dynamical changes of atmospheric circulation, and biophysical effects. The Tamb-
ora eruption thus truly calls for a system view: In order to understand “Tambora’s” effects
we need the expertise of geologists, physicists, chemists, climatologists, and biologists. We
need Ö eld studies, collections of proxies, numerical modelling, and dynamical analyses. Even Ö
then, we might be strongly misled as to the effect on society. In fact, we not only need an 
Earth system perspective, but an Earth and human systems perspective.

Cholera bacterium
Vibrio cholerae 

Before bacteria were discov-
ered as causes of illnesses,
doctors often attributed
illnesses to climatic condi-
tions. Although our view
of the infectious diseases
has changed dramati-
cally, impacts of climatic
changes on the spreading
of pathogens is an im-
portant research topic.

Did the Tambora erup-
tion affect the cholera
outbreak or its spread?
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Fig. 17. Cholera victim in Sunderland, 1832. Coloured lithograph, (photo Wellcome 
Library, London CC BY 4.0).

Fig. 18. Processes in the Earth system related to volcanic eruptions.

1 µm (1/1000e mm)



Mousson Indienne (été)

(https://www.lachainemeteo.com/videos-meteo/actualites-etranger/crues-en-europe-et-mousson-indienne-118548)



Reconstruction indices de sécheresse 
(cernes d'arbres, été 1816)

1717

The continental-scale reconstructions from the PAGES 2k project 71 (Fig. 8, top and middle) 
show a more diverse picture. Reconstructions for the Northern Hemisphere continents are
in general mutual agreement and also agree with the hemispheric temperature reconstruc-
tions by Crowley and co-authors72 of hemispheric temperatures. However, unlike in the latter 
reconstruction, no clear impact of Tambora is seen in the Southern Hemisphere continents
(Antarctica, Australasia, South America) in the PAGES 2k reconstructions. Since most of the 
proxy sites used in these reconstructions are coastal, there may be a sampling bias in the
proxies. Nevertheless, the absence of a volcanic signal is striking, all the more so since the 
timing of the eruption as well as some ice core studies suggest that a greater portion of Tamb-
ora’s aerosols might have moved to the Southern Hemisphere. Furthermore, the absence 
of a Tambora signal in the Southern Hemisphere is not reproduced by model simulations. 73

Are the records of aerosols and climate after Tambora consistent with each other? This is an 
open question, but its implications are more general. The general lack of correlation between
Northern and Southern Hemispheric reconstructions is another big scientiÖ c puzzle.Ö  74

Proxies record more than just temperature. Some proxies also reveal changes in tropical pre-
cipitation after volcanic eruptions. In Central America, the Intertropical Convergence Zone 
(ITCZ) seems to have shifted north after Tambora. 75 Based on tree rings and other proxies 
as well as early instrumental data, various reconstructions of precipitation or drought indices
have been performed for different regions. Figure 9 shows a compilation of these recon-
structions for the boreal summer of 1816. Drought reconstructions reveal a strong drought
in the Indian and Southeast Asian monsoon region, while in North America, a pronounced
West-East gradient becomes apparent, with drying in the East and wet conditions in the
West. Precipitation reconstructions for the Asian monsoon region conÖ rm dry conditions in Ö
India and Southeast Asia, but not China. Further research has to clarify the severity of mete-
orological and hydrological drought conditions for China in 1816. No clear signals are found
in winter precipitation in South Africa and annual precipitation for Australia (no gridded re-
constructions are available), while precipitation reconstructions for Southern South America
indicate a surplus of precipitation in the austral winter of 1816. A new reconstruction based 
on the combination of climate proxies and instrumental records with climate model simula-
tions (displayed on the cover page) indicates drying in the inner tropics as well as in China.

Drought and precipitation reconstructions agree very well for Europe, where a clear increase
in rainfall in the summer of 1816 is evident and is one of the main causes of the misery of the 
“Year Without a Summer”. In the following section, we therefore focus on Europe. 

Dry in the monsoon
regions 

In the summer of 1816,
large regions covered by
the Asian monsoon argu-
ably suffered from severe
drought due to a failure of
the Asian monsoon – at
least this is found in climate
model simulations and
according to some, but
not all, reconstructions.
Although many improved
drought reconstructions
have been published for
various regions of the globe
in recent years, we do not
yet have a complete, global
picture of hydro-climate in
1816. The famine in South-
west China (Yunnan) was 
not only due to drought,
but also due to the low
temperatures, to which rice
cultivation in these regions
is highly susceptible.

Fig. 9. (Left) Reconstructions of precipitation anomalies in boreal summer 1816 from instrumental data and 
proxies for Southern South America, 76 Europe 77e  (both June to August), Asia 78 (May to September), as well as 
point reconstructions for South Africa 79 (April to September) and Australia 80 (May top April). (Right) Tree-ring
based reconstructions of the warm season Palmer Drought Severity index for North America, 81 Europe, 82 and 
Asia 83 for the boreal summer 1816, expressed as anomalies from a contemporary reference period (1799 – 1821).
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Insalubrité et développement des foyers de contamination

Populations affaiblies par la famine

Migration vers les villes





1ère Pandémie choléra : 1817-1824
(extension vers l'ouest)

Débute à Calcutta

- Extrême Orient

- Afrique orientale

- Asie Mineure



2ème Pandémie choléra : 1829-1837

 2

such system, dynamic and open to their 

environment, is in evolution. Evolution between 

attractors can be cyclic. Such systems are 

characterized by phases of intense activities: 

evolution of societies is tagged by wave of huge 

pandemics. Otherwise, system can evolve towards a 

stationary state, converged at an attraction point and 

absorbing progressively its activity. Activity of a 

system, in an epidemic perspective, can lead it 

through different states through the time. This 

switch from a state to another is situated close to a 

bifurcation point that may lead towards chaos. In an 

earlier work, we explored the different phases of 

activity of the logistic function often linked with 

diffusion processes [2]. When the system evolves 

from a bifurcation threshold, the transition from one 

state to another qualitatively similar refers us to the 

concept of resilience. The stability of self-organized 

systems refers to the possibility of change which 

explains that all living systems go through distinct 

phases during their activities. These phases are 

theorised by the criticality [1], which shows that all 

self-organized systems evolve towards a critical 

state and that a small and local disruption is enough 

to produce huge alterations. This event is 

characterized by a system which goes into a phase 

of mutual and global interaction during which level 

of connections and interdependences is maximal: 

this is the case of pandemics. 

If they are useful in a heuristic context, such 

concepts are however difficult to use when one 

wants to apply them or to spot them in an empirical 

way. For example, how evaluating the intensity of 

relationships between elements at the same level 

and between elements at different levels? These 

uncertainties lead us to propose simple models of 

diffusion based at the same time on empirical 

evidence and theoretical knowledge.  

II. THE GLOBAL AND NATIONAL CONTEXTS OF THE 

EPIDEMIC AT THE BEGINNING OF THE 19TH
 CENTURY 

After decades, routes of the epidemic have been 

recomposed on the basis of archives, reports and 

medical information. The second epidemic seems to 

have started in the British colony of Bengal in 1826. 

In 1837 the west coast of Mexico, the Anglo 

Egyptian protectorate and the French colonies of the 

North West of Africa seemed to have reported the 

last cases in the known world at the beginning of 

the 19th century (figure 1). 

 

Although the etiologic of vibrio cholerae was 

unknown yet, details about the transmission disease 

were reported by doctors of the British Raj since the 

beginning of the 19th century. As many other 

unknown diseases, cholera produced social 

reactions. In the French context of the 1830’s, the 

epidemic broke out in a period of political troubles, 

which contributed to reinforce both the political 

conflicts and the social representations. Officially, 

the epidemic broke out in Paris in April 1832 and 

spread until the month of November. However, high 

rates of mortality due to diarrhoea were already 

reported in the northern parts of France by the end 

of 1831 [4]. 

 

The ‘département’ of the ‘Seine-Inférieure’ was 

not the most severely affected by the epidemic 

Fig. 2 Under mortality caused by the 1832 cholera pandemic in France. 
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Fig. 1 Routes of the second world cholera pandemic (1826-1837). 
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(Le Constitutionnel, 29 mars 1832)
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changed health condition and behaviour of humans and cattle was. The weakened individuals
were more susceptible to diseases. In desperation, many people left their villages and moved to
the cities, where diseases could spread much more easily. The military activities in these years 
(war between the British East India Company and the Maratha Empire in India) also played a
role in spreading diseases. Similarly, cattle diseases perhaps could spread more easily.

Are these biophysical effects of the eruption or are they rather related to changes in the
human behaviour? Prices of food, feed and Ö rewood as well as famines, health issues orÖ
migration are economic, political, or societal mechanisms rather than biophysical effects. 146

Therefore, in the remaining part of this brochure, we focus on the human system. Before
doing that, however, we give a brief summary of the Earth system effects of the Tambora
eruption (or volcanic eruptions in general) in Fig. 18. The effects encompass volcanological
phenomena, plume dynamics, chemical, microphysical and radiative processes in the atmo-
sphere, dynamical changes of atmospheric circulation, and biophysical effects. The Tamb-
ora eruption thus truly calls for a system view: In order to understand “Tambora’s” effects
we need the expertise of geologists, physicists, chemists, climatologists, and biologists. We
need Ö eld studies, collections of proxies, numerical modelling, and dynamical analyses. Even Ö
then, we might be strongly misled as to the effect on society. In fact, we not only need an 
Earth system perspective, but an Earth and human systems perspective.

Cholera bacterium
Vibrio cholerae 

Before bacteria were discov-
ered as causes of illnesses,
doctors often attributed
illnesses to climatic condi-
tions. Although our view
of the infectious diseases
has changed dramati-
cally, impacts of climatic
changes on the spreading
of pathogens is an im-
portant research topic.

Did the Tambora erup-
tion affect the cholera
outbreak or its spread?
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Fig. 17. Cholera victim in Sunderland, 1832. Coloured lithograph, (photo Wellcome 
Library, London CC BY 4.0).

Fig. 18. Processes in the Earth system related to volcanic eruptions.

Victime du choléra "Indien" à Sunderland (EN) en 1832

Lithographie colorée
(source: Wellcome Library CC BY 4.0)



Estampe de Granville
(source: Gallica-BnF)



Médaille miraculeuse
(orfèvre Vachette, 1832)

L'épidémie de choléra de 1832 fera 100,000 morts en France

Diarrhée liquide d'odeur fade (douceâtre et écœurante) et
extrêmement abondante (jusqu'à 1 litre par heure) qui
épuisent le malade, souillant et inondant son
environnement, accompagnées de vomissements.

En quelques heures:
- asthénie intense, soif majeure que le malade ne peut

satisfaire (vomissements), crampes musculaires très
douloureuses.

- Le malade reste conscient, yeux vitreux, voix inaudible,
pouls rapide, pression artérielle effondrée et
température cutanée basse (36 °C).

- Visage émacié, globes oculaires enfoncés. Corps
cyanosé: PEUR BLEUE

Lien entre bacille et choléra: Robert Koch (1884)



Au bord de l'insurrection…

La vie sociale est suspendue

On soupçonne l'empoisonnement des puits, lynchages

Les journaux d'opposition dénoncent  la misère du peuple

L'épidémie devient politique et on accuse le gouvernement

Révolte des détenus de Sainte Pélagie et des 1800 chiffonniers de la capitale

Révolte Vendéenne des royalistes légitimistes  

Mort du Général Lamarque, député de l'opposition, juin 1832

Insurrections républicaines du 5-6 juin (800 victimes)

Paris mis en état de siège du 6-29 juin (conseil de guerre pour les émeutiers)

L'épidémie cesse en septembre, la crise s'apaise…



En 1971 une épidémie de choléra remonte d'Espagne après avoir touchée l'Afrique.
On se fait vacciner en France 



l’année 2004, 56 pays ont officiellement déclaré à l’OMS un
total de 101 384 cas et 2 345 décès [2]. L’OMS « estime tou-
tefois que les chiffres réels sont plus élevés, compte tenu de
la sous-notification et d’autres insuffisances des systèmes de
surveillance ainsi que de l’augmentation du nombre de per-
sonnes vulnérables ». Pour illustrer cette sous-notification,
nous citerons l’exemple, qui n’est sans doute pas unique, du
Bangladesh où 100 000 à 600 000 personnes sont atteintes de
choléra chaque année alors qu’aucun cas n’est notifié à l’OMS.
Plutôt que d’utiliser des données annuelles peu fiables, et afin
de donner une meilleure idée de l’état réel du choléra dans le
monde, nous avons représenté, en jaune dans la figure 1, les
pays ayant notifié à l’OMS des épidémies de choléra entre
1991 et 2004. Les pays qui ont notifié des cas de choléra
importés, survenus chez des voyageurs revenant de régions
dans lesquelles le choléra existe à l’état endémique ou épidé-
mique, sont représentés avec un point rouge.
Au début du XXI

e siècle, l’évolution du choléra est caractérisée
par la persistance d’un grand nombre de pays atteints par des
épidémies, la persistance pour certains d’entre eux d’épidé-
mies dramatiques, et le risque représenté par la nouvelle sou-
che de Vibrio cholerae O139 contre laquelle Vibrio cholerae O1
n’induit pas de protection croisée. Comme l’observe chaque
année l’OMS, le nombre de personnes actuellement vulnéra-
bles au choléra augmente de façon spectaculaire dans
l’ensemble du monde, créant les conditions d’un problème
majeur à l’échelon de la planète (figure 2). Le choléra reste
aujourd’hui une maladie grave, aussi bien pour l’individu que
pour les collectivités, notamment par ses conséquences écono-
miques dans les pays en développement.

Agents responsables

Les agents responsables du choléra, appelés vibrions choléri-
ques, sont des bacilles mobiles, Gram négatifs, oxydase posi-
tifs, appartenant à la famille des Vibrionaceae et au genre

Vibrio. Ce genre bactérien comprend plus de 70 espèces,
ayant essentiellement pour habitat le milieu marin et, plus
particulièrement, les eaux côtières et estuariennes. La diversité
des espèces du genre Vibrio est à la mesure de celle du milieu
marin. Du point de vue médical, il est cependant possible de
distinguer 2 populations parmi les vibrions pathogènes pour
l’homme, dont les caractéristiques essentielles sont présen-
tées dans le tableau I :
• les vibrions cholériques, responsables du choléra, population
constituée de souches appartenant à 2 sérogroupes – O1 et
O139 – de l’espèce Vibrio cholerae (figure 3). Ces souches se
sont adaptées à l’homme et possèdent donc 2 niches écologi-
ques, l’homme et les eaux côtières et estuariennes ;

Figure 1
Le choléra dans le monde :
1991-2004
Les pays ou régions à l’intérieur
d’un pays ayant déclaré à l’OMS
une épidémie de choléra entre 1991 et
2004 sont représentés en jaune. Les
points rouges signalent les pays ayant
déclaré pendant cette même période
des cas importés de choléra.

Figure 2
Augmentation du nombre de personnes vulnérables exposées
au choléra
Le nombre de personnes vulnérables exposées au choléra ne cesse d’augmenter
dans de nombreuses régions du monde où un assainissement satisfaisant est loin
d’être assuré pour tous.
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(Fournier & Quilici, 2007; OMS)

Officiellement sont déclarés à l'OMS 101.384 cas en 2004 (54 pays)

… alors qu'au seul Bangladesh 100.000 à 600.000 personnes sont infectées chaque année
… sans aucune notification à l'OMS
… 1,3 à 4 millions des cas estimés (OMS)

Épidémie
Cas importés

Épidémies de choléra dans le monde (1991-2004)



L'éruption du Tambora ne sera vraiment connue en Europe et aux
Amériques qu'en 1855 avec la publication du botaniste Suisse Heinrich
Zollinger qui a fait des relevés scientifiques sur le Mont Tambora en 1847.

66

Map of the Malay 
Archipelago

The Sunda Islands were 
relevant for the biogeograph-
ical analyses of Alfred Russell
Wallace, co-founder of the
theory of biological evolution. 
Wallace drew a line between
the zoogeographical regions
of Asia and Australia, which
passes between Lombok and
Bali (the picture shows the 
original drawing of the line
from Wallace’s 1863 paper) 4.

Mt. Tambora is one of only 
few landmarks on this map. 
Wallace’s very successful 
1869 book “The Malay Ar-
chipelago” 5 gives an account 
of the physical and human
geography, volcanoes (includ-
ing the 1815 Tambora erup-
tion), and the distribution and 
variety of plant and animal 
life on the archipelago.

Fig. 2. In 1847, Swiss botanist Heinrich Zollinger travelled Sumbawa and climbed Mt.Tambora. He found 
a large caldera with two lakes in it (the map is taken from his publication) 2. Zollinger gave an extensive 
account of the Tambora eruption. In fact, many widely reported descriptions about the eruption go back 
to his work. Note the deserted settlements or ruins indicated with brackets, some of which were newly 
founded in a different location (Sangar, Papekat, Tambora). In fact, even away from the immediate zone
of devastation, most settlements were founded after 1815 as the entire island was largely depopulated 
after the eruption. Interestingly, Zollinger already described the biogeographical division that later became 
known as the Wallace line (see l gure on the left).l  3

(Zollinger 1855)



Femme dans le soleil du matin, 1818


