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ABSTRACT Using documentary data and long-term temperature and precipitation series for the
years 1775-2007, climatic, weather and other phenomena in the Czech Lands following the 1783
Lakagigar eruption in Iceland and the 1815 Tambora eruption in Indonesia are investigated. The
Lakagigar eruption had clear post-volcanic effects on the weather in central Europe (dry fog,
heavy thunderstorms, optical phenomena), with the occurrence of significant cold temperature
anomalies in winter 1783/84, spring 1785 and the summer and autumn of 1786. The Tambora
eruption was not accompanied by any particular weather phenomena, but was followed by an
extremely cold summer in 1816. A comparison of the two eruptions shows that the effects of the
Lakagigar eruption were climatologically stronger than those of the Tambora eruption.
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1. Introduction

It is generally accepted that volcanic particles injected into the atmosphere during
volcanic eruptions influence the radiative balance, a process expressed in summer
temperature decreases for up to three years afterwards. This is particularly clear
on a global scale after large, tropical volcanic eruptions (Sear et al. 1987; Bradley
1988; Robock, Mao 1995; Briffa et al. 1998; Robock 2000; Jones et al. 2004; Pisek,
Brazdil 2006; Timmreck 2012; Lacis 2015; LeGrande, Anchukaitis 2015; Sigl et
al. 2015). Dynamic effects on atmospheric circulation, expressed as one or two
post-volcanic mild winters in the Northern Hemisphere are another response to
eruptions (Robock 2000; Fischer et al. 2007). The effects of volcanic eruptions
on precipitation appear less frequently in the literature (e.g. Gillett et al. 2004;
Fischer et al. 2007; Wegmann et al. 2014).

Among the numerous papers analysing various aspects of the climatic effects
of volcanic eruptions, considerable attention has been dedicated to the Lakagigar
(Laki) eruption of 1783 in Iceland which started on 8 June 1783, when a fissure
opened up along the Laki crater-row. By February 1784, this had been followed
by the largest terrestrial lava flow in the last millennium (Thordarson, Self 1993,
2003; Stevenson et al. 2003). Moreover, Mt. Asama in Japan erupted at the begin-
ning of August 1783 (Aramaki 1956, 1957; Zielinski et al. 1994; Demarée, Mikami
2005). Both eruptions have been classified in terms of Volcanic Explosivity Index
(VEI) at a rating of 4 (Newhall, Self 1982).

The Lakagigar eruption was associated with high mortality in western Europe
(Grattan et al. 2003, 2005; Witham, Oppenheimer 2005). Brazdil, Val4sek,
Mackova (2003) addressed the 1783 Lakagigar eruption, describing a number of
extreme post-volcanic climatic anomalies (see also Pisek, Brazdil 2006). Vasold
(2004) reported on summer 1783, followed by a severe winter and disastrous flood
in February 1784, in Germany. Brazdil et al. (2010) described extreme floods in
Europe following the first, very severe, winter after the eruption (1783/1784).
Trigo, Vaquero, Stothers (2010) examined the impacts of the Lakagigar eruption
on the Southern Hemisphere.

The volcanic eruption of Tambora (Lesser Sunda Islands, Indonesia) on 10 April
1815 attracted even more attention. Classified at rating 7 on the Volcanic Explo-
sivity Index (Newhall, Self 1982), this is among the most powerful of its kind
ever recorded. It threw around 60 Tg of SO: into the stratosphere, where the SO,
oxidized to sulphate aerosols (Self et al. 2004; Kandlbauer, Sparks 2014). The year
0f 1816, characterized as the “Year without a Summer”, became grim testimonial to
the Tambora eruption (see e.g. Stommel, Stommel 1983; Stothers 1984; Harington
1992; Vupputuri 1992; Oppenheimer 2003; Klingaman, Klingaman 2013; Luter-
bacher, Pfister 2015). A large number of further studies addressing the Tambora
effects on various spatial scales exist (e.g., Briffa, Jones 1992; Habegger 1997; Pisek,
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Brazdil 2006; Kuzi¢ 2007; Trigo et al. 2009; Lee, MacKenzie 2010; Bodenmann et
al. 2011; Auchmann et al. 2012; Brugnara et al. 2015).

The aim of this paper is analyse differences in climatic and environmental
patterns following the Lakagigar eruption, weaker and closer to the Czech Lands
territory, and the Tambora eruptions, significantly stronger, but at a far greater
distance. The data employed for this analysis are described in Section 2 and the
methods applied in Section 3. Section 4 addresses the climatic and environmen-
tal impacts of the immediately post-eruption years, including perceptions of
these events and extreme climate. The discussion in Section 5 concentrates on
the climatic effects of the two eruptions in the long-term, as well as on societal
consequences. Section 6 provides some concluding remarks.

2. Data

Two temperature and one precipitation series were selected to cover the time in

which the two volcanic eruptions took place in the same climatological series:

1. monthly and seasonal temperature series recorded at the Prague-Klementinum
station (1775-2010), homogenised by Brazdil et al. (2012)

2. monthly and seasonal temperature series for central Europe (1501-2007)
reconstructed from series of temperature indices for Germany, Switzerland
and Czechia (the Czech Lands; 1501-1854) and from homogeneous tempera-
ture series taken at 11 meteorological stations in these countries and Austria
(1760-2007) by Dobrovolny et al. (2010)

3. seasonal precipitation series for the Czech Lands (Czechia; 1501-2010), recon-
structed from precipitation indices for the Czech Lands (1501-1854) and mean
Czech precipitation series (1804-2010; Brazdil et al. 2012) by Dobrovolny et al.
(2015).

Because the above central European temperature series ends in 2007, the other
series mentioned above are used only until that year.

A broad range of documentary evidence from the Czech Lands is used for
description of weather patterns and related phenomena, drawn from various
chronicles, weather diaries, early meteorological observations and newspapers.
Such data are part of the historico-climatological database complied and held by
the Institute of Geography, Masaryk University, Brno. Cereal price data are taken
from published series in Schebek (1873), Albert (1964), Tlapak (1977) and Brézdil,
Durdikova (2000).
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3. Methods

All documentary data refer to primary sources critically evaluated with respect
to their origin, historical reliability, temporal distance from the events described,
exact dating, content analysis and interpretation of phenomena in terms of recent
meteorological knowledge. Much of the information is of a qualitative character.
Some of these sources have already been published elsewhere (e.g. Brazdil et al.
2003, 2007) or have been used in more broadly-based studies.

The three climatological series employed (see Section 2) are considered in terms
of anomalies from a 1961-1990 reference period with respect to comparison with
more recent climatic patterns. A composite approach is taken to mutual comparison:
the years of eruption, i.e. 1783 and 1815 are used as the base. To describe climatic,
weather and other phenomena possibly related to the two volcanic eruptions, par-
ticular attention is devoted to the post-volcanic years, with the data based on docu-
mentary and instrumental records. For the long-term context, the eruption year and
three subsequent years are characterised by their order and magnitude in the whole
series shown in order of increasing (temperatures) or decreasing (precipitation).

4. Results
4.1. Climate in the post-volcanic years

Figure 1 shows a composite of seasonal temperature anomalies for the Prague-
Klementinum station and central European series expressed as anomalies with
respect to the 1961-1990 reference period. The Lakagigar eruption was followed
by a slightly warmer summer (1783), followed by negative seasonal temperature
anomalies until the end of 1786. Noteworthy as particularly cold were the winters
of 1783/1784 and 1784/1785, spring 1785 and autumn 1786 (with quite a cold sum-
mer for 1786 at Prague-Klementinum). In terms of individual months, March 1785
was the coldest, followed by the winter months of 1783/84, October 1784, February
and April 1785 (Fig. 2). The series of cold seasons after the Tambora eruption,
lasting until 1818, was interrupted only by a milder winter in 1816/1817 (Fig. 1);
temperature anomalies were also slightly positive in the following winter, and
spring 1818. Particularly April 1817, October 1817 and December 1815, but also July
1815 and 1816 and November 1815 were among the coldest months (Fig. 2). High
positive anomalies occurred only in January and February 1817.

Compared to those of temperatures, seasonal precipitation anomalies, based on
series for the Czech Lands, were more variable (Fig. 1). A particularly dry autumn
in 1783, a dry summer in 1784 and a wet winter in 1783/1784, with wet summers
for 1785 and 1786, were prominent after the Lakagigar eruption. Outstandingly
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high summer totals followed the Tambora eruption in 1815, while a drier autumn
in 1815 and a wetter summer in 1816 were notable among the other seasons.
4.2. Peculiarities of post-volcanic weather

The Lakagigar eruption had clear responses in the observed weather, marked by
the presence of dry fog, unusual optical phenomena and heavy thunderstorms. The
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Fig. 1 - Composite of seasonal temperature anomalies at the Prague-Klementinum station and cen-
tral Europe and seasonal precipitation anomalies in the Czech Lands in 1783-1786 and 1815-1818
(1961-1990 reference period; Wi - DJF, Sp - MAM, Su - JJA, Au - SON).
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dry fog (in modern meteorological terminology it corresponds to haze - Sobisek
1993) in central Europe was first observed on 16 June 1783 in Germany and western
Bohemia (Stothers 1996) as well as at Prague-Klementinum, where it occurred in
11 days of June, in 24 days of July and in 7 days in August 1783 (Strnadt 1785). Visual
daily weather observations kept by Reverend Karel Bernard Hein in Hodonice re-
port fog from 27 June to 1July and then in a further 12 days of July (Bréazdil, Vald3ek,
Mackov4 2003). Fog smelling of sulphur is reported from 18 June to 18 July, together
with thunderstorms without rain, at Noviny pod Ralskem (Wiechowsky 1928).
Jit1 Vrbas from Pise¢né (Paméti starych pism4ka moravskych 1916) also de-
scribed optical phenomena in addition to dry fog: “In1783, every day and night from
the festival of St. John [24 June] to the harvest, there were such dense fogs everywhere
that nothing could be seen beyond a tiny piece of the world. The sun and the moon
changed. The sun rose blood-red every day and the moon was like a black sack.” Many
reports also describe peculiar colours of the sun or moon at rising and setting. In
Prague, a red sun (moon) is reported for 19 days from June to September (also four
days with aurora borealis; Pozndmky 1977). A report from the chronicle of Antonin
Kodytek from Kunvald (Nezbeda, Stla 1970) adds: “[...] in summer there was such
heat that had there not been unusual fog that shaded the sun, everything might have
been burnt by the sun’s heat. [...] the rising sun could not be seen due to fires and then
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Fig. 2 - Composite of monthly temperature anomalies (with respect to 1961-1990 reference period)
at Prague-Klementinum and in central Europe in 1783-1785 and 1815-1817.
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from six to nine o’clock [it] looked like a red-hot iron ball, then from nine to three or four
oclock it shone more intensely, but looked sad, which people held in awe.”

Heavy thunderstorms, often without rain, also attracted considerable atten-
tion. For example, Hein records 17 days with thunderstorms in summer 1783, the
highest number during his observations in the 1780s (Brazdil, Valagek, Mackova
2003). Systematic meteorological observations at Prague-Klementinum report
thunderstorms on 23 days (Strnadt 1785). Among the heavy thunderstorms of
summer 1783, an event on 29 June in Klatovy stands out. For example, the chronicle
of the Sebesta family (Hosta$ 1895) says: “[...] there started such a downpour that
it was as if water were poured out of a bucket [and], at the same time there was such
a thunder and storm uninterrupted from one oclock in the afternoon until the evening
and the lightning struck more than a hundred times.” The lightning set fire to the
armoury and its gunpowder. The resulting explosion killed or injured several
people and damaged buildings in the surroundings. Six people were killed while
ringing town bells, a practice commonly held at the time to avert thunderstorms,
on 4 July in Doubrava, while other human casualties were reported in Litomérice,
Terezin and Roudnice nad Labem (for more details see Brazdil, Vala$ek, Mackova
2003; Soukupové 2013). These fatalities probably contributed to an imperial ban
on ringing bells against thunderstorms, decreed on 26 November 1783 (P4n 1931).

An example of the comprehensive nature of some of the descriptions of the
weather effects after the volcanic event may be found in the chronicle of the Fuchs
family from Ttebétice (Verbik 1982): “For the entire summer of 1783 there were big,
dense fogs with some [kind of] stench arising out of them, and thunder was heard but
no clouds were visible. In the morning, during sunrise, the sun was as red as blood and
this continued for a long time. And in the afternoon again, towards evening, it was the
same. There was great drought in this year, constant thunder but no rain.”

After the Tambora eruption, no indication appeared in running meteorological
observations or reported documentary evidence (cf. Pozndmky 1977; S1, S2, S3) of
weather phenomena comparable with those immediately after Lakagigar. In this
context, only a report of “the sun as if covered by veil” in the daily weather observa-
tions of Reverend Simon Hausner from Buchlovice (for 6 days between 20 January
and 14 March 1816 and 5 days between 16 December 1816 and 28 February 1817,
further 16 June 1817; on 3 March 1817 he also used this comparison for the light
of the moon) seems notable. For 11 days, between 31 January and 23 June 1816,
Hausner described the afternoon sunshine as “bland” or “gloomy” (S4).

4.3. Other events and phenomena in post-volcanic years

The occurrence of significant flooding is one of the interesting phenomena of the
post-Lakagigar years. Particularly notable was a disastrous flood in central Europe
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as February turned to March 1784, after the very severe and snowy winter of
1783/1784 (Brazdil et al. 2010). A flood on the River Vltava at Prague arising out of
snowmelt and ice movement, culminating on 28 February 1784, was accompanied
by loss of life and extensive damage. Floods were also recorded for many places on
the Elbe and Ohfe rivers in Bohemia. Ice movement also contributed to a Vltava
flood on 16-17 April 1785, which lasted for ten days, following the coldest March in
Prague temperature observations (from 1775 to the present). Another Vltava flood,
on 17 August 1786 at Prague, was due to continuous rainy weather since 7 August;
it left fields flooded and bridges destroyed (Brazdil et al. 2003, 2005). All three
floods were also reported by documentary sources for the River Dyje in southern
Moravia (Brazdil, Kirchner, eds. 2007).

In the post-Tambora years, rainy weather in July-early August 1815 led to the
flood, documented on the Elbe by Kreybich’s records at Zitenice for 10-14 August
(S1) and at Litomé&¥ice for 9 August with duration of eight days (Katzerowsky
1895). In Prague, the River Vltava flooded on 9-10 August (Brizdil et al. 2005).
In particular, damage to agricultural crops in flooded fields is reported. A further
flood on the River Vltava is documented for 7 March 1817 (Brazdil et al. 2005).

Also worthy of note in the post-Tambora years are reports of five landslides in
north-western Bohemia, recorded by Kreybich. He dated four of them to spring
1817: (i) K¥izova hora Mt. north of Zitenice, (ii) Trojhora Hill between Chudoslavice
and Ttebusin, (iii) Vitin near Malé B¥ezno (community now defunct), and (iv) east
of Jilové (S3). He mentioned a fifth landslide at Bohyné (east of Jilové) at the end of
November (S3). These five landslides are not included in the historical catalogue
of landslides by Sptrek (1972).

Meteorological conditions in the post-Tambora times were unfavourable to
yields of agricultural crops, as a number of Czech documentary sources record.
Haymaking and the grain harvest were negatively influenced by rainy weather
in 1815 (moreover, the wheat and some of the rye were infected with rust - see
S1). The quality and quantity of the grape harvest were also below average (Katze-
rowsky 1895), there was no fruit at all, and the potato yield was bad (Bachmann
1911). In 1816, documentary sources report cold and wet patterns reflected in bad
harvests and rising prices for all products. For example, Vaclav Jan Masek of Rence
wrote: “All the grain was saturated, it was too wet to dig the potatoes and from this
[situation] it followed that the yield was bad, prices rose to terribly high levels and
hunger [became apparent]” (Urban 1999). In Buchlovice, Simon Hausner noted
for July that people were driven by poverty to start the harvest early; the harvest
continued for along time (S4). Further low grain yields and delayed sowing in the
autumn complicated the situation (S5; Paméti starych pismakd moravskych 1916).
A shortage of grain resulted in a decree banning the distillation of spirits, issued
on 13 November (Kreuzinger 1862). Oats and grain had to be imported from Silesia
(S6). Flour made of barley, oats, vetch, peas, potatoes and acorns began to be added
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Fig. 3 - Composite of fluctuations in the prices of the four main cereals (wheat, rye, barley, oats)
in the 1779-1788 and 1811-1820 periods: a - Prague (data from Schebek 1873), Litomé&Fice for oats
(gulden / 61.49) - data only up to 1817 from Tlapak (1977); b - Brno (groschen) - data from Brézdil,
Durdakova (2000), Moravia (gulden/hl) - data from Albert (1964).

to bread mixes (Robek 1974). In his annual summary for 1816, Hausner remarks
succinctly: “Hunger is inevitable.” (S4) The situation culminated in severe shortages
of goods (so bad, for example, that people milled rotting oats for flour - Trnka 1912)
and rising prices in 1817. A chronicle from Velka Bysttice also reports insufficient
money to buy grain and a far higher number of beggars as than ever before (Roubic
1987). The high prices continued until the good harvest of 1817 (when a very good
potato yield was reported for Boskovice, for example - S5).

Figure 3 shows the quantitative changes in mean prices of basic grain crops
for Prague (Schebek, ed. 1873) and Moravia (Albert 1964). A continuous increase
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from 1813 accelerated sharply in 1815-1816 and peaked in 1817. In Prague, prices
rose c. 4.5-fold for rye and barley and tripled for wheat (for grain price changes in
many Bohemian towns see Tlapék 1977), while in Moravia equivalent grain prices
tripled. Oat prices tripled in Litométice and doubled in Moravia. After the good
harvest of 1817, prices fell to 1813 levels or less.

A composite of grain prices for Prague and Brno around the Lakagigar time
shows none of the dramatic trends described above for the post-Tambora years
(Fig. 3). The prices of rye, barley and oats in Bohemia generally decreased from
1782 to 1786, while wheat rose slightly from 1783 to 1785, but dropped in the follow-
ing year. Similar tendencies to those in Prague also appeared in Brno, to the east,
with a shift +1 year. A significant increase in cereal prices began in Bohemia from
1786 and in Brno a year later. Aside from inflation, this could be attributed to the
compulsory supply of grain to military stores, used to feed the military in transit
and on long-term station, leading to grain shortages (Petrii 1977). According to
FrantiSek Jan Vavak, such movements took place in Bohemia in the years 1786 and
1788 in particular (Skopec 1910, 1912).

5. Discussion
5.1. Long-term climatic context of Lakagigar and Tambora eruptions

The climatic effects of the Lakagigar and Tambora eruptions, which both belong
to the last part of so-called Little Ice Age (Wanner 2000; Matthews, Briffa 2005),
may also be compared from the long-term viewpoint by ordering the mean sea-
sonal temperatures in increasing series of seasonal values over the 1775-2007
period (Table 1a). Prague-Klementinum demonstrates the more extreme patterns
post-Lakagigar: the coldest spring in 1785 and coldest summer in 1786, with the
second-coldest autumn in 1786 and the third-coldest winter in 1783/1784. Among
the seasons following the Tambora eruption, only summer 1816 stands out, as the
fifth-coldest (summer 1815 was 11*-coldest, tied with three other years). Central
European temperature series averaging data over a broader area agree with Prague
for spring 1785 and autumn 1786, but disclose summer 1816, post-Tambora, as
absolutely the coldest in the 1775-2007 period. Furthermore, the general central
European view significantly weakens the position of the cold summer of 1786 and
enhances that of the cold summer of 1785 and spring 1817 compared with Prague.
This reveals that spatial averaging of data and moving the territorial area of inter-
est south-west of Prague (where the majority of the stations used for calculation
of the central European series are located) may strengthen the summer signal
of volcanic eruptions, including large tropical eruptions. While extremely cold
springs, summers and autumns express clearly after both eruptions, the two cold
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Table 1 - (a) Mean seasonal temperatures at Prague-Klementinum and in central Europe series,
in order of increasing values (from coldest to warmest), and (b) of seasonal precipitation in the
Czech Lands, in order of decreasing values (from wettest to driest), for the years after the Lakagigar
(1783-1786) and Tambora (1815-1818) eruptions. The period used for all three series is 1775-2007
(233 years)

(a)

Year Prague-Klementinum Central Europe

Winter Spring Summer Autumn Winter Spring Summer Autumn

Lakagigar eruption

1783 - — 147-157 131-145 — - 164-173 130-137
1784 3 39-44 74-81 125-127 7-8 59-64 98-100 61-67
1785  22-23 1 20-27 117-124 24-25 1 9-12 124-129
1786  59-60 24-30 1 2 100-104 65-70 9-12 2

Tambora eruption

1815 — 187-193 11-14 36-45 — 198-201 9-12 36-40
1816  90-91 92-98 5 21-26 60-63 46-58 1 29-32
1817 181-184 16-18 93-107 71-79 183-190 8-9 73-84 89-97
1818 146-150 172-175 66-73 125-127 142-148 149-156 73-84 107-116
(b)

Year Winter Spring Summer Autumn
Lakagigar eruption

1783 — 156-160 122-124 228

1784 16-17 113-117 208-212 80-86
1785 55-59 42-43 24-27 120-126
1786 205-207 195-198 24-27 56-60
Tambora eruption

1815 — 191 1 229

1816 102-109 108-111 33-34 77-79
1817 130-131 50-54 93-95 191-194
1818 202-203 71-73 150-151 91-95

winters after Lakagigar have no equivalent after the Tambora event. However,
winter 1816/1817 could be classified as milder, corresponding with expectations
(compare Robock 2000; Fischer et al. 2007).

Precipitation totals in the post-volcanic years were less extreme (Table 1b) than
those for temperatures. In the series for the Czech Lands in the entire 1775-2007
period, only summer 1815 was the wettest and autumn 1815 the fifth-driest. After
the Lakagigar eruption, only winter 1783/1784 fell into the top 10 per cent of wet-
test winters (16™-17% in the order), while autumn 1783 was the sixth-driest.

In terms of individual months, those following the Lakagigar eruption appear
among the ten coldest years seven times in the two series and those following
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Tambora four times (cf. Fig. 2). The coldest months to appear in both complete
series were March 1785 and April 1816; the coldest at Prague-Klementinum alone
was July 1786. The second-coldest in the Prague series appear in January 1784 and
August 1786, while this position is occupied in the central European series by April
1785 (in the Prague series, April 1785 is third) and October 1784. Among the ten
coldest years were also July 1815 (Prague-Klementinum only), July 1816 (central
Europe only), August 1816 and October 1817 (both series).

5.2. Explanations of post-volcanic weather and climatic anomalies

The clearly-observable and unusual weather effects such as dry fog, optical phe-
nomena and heavy thunderstorms without rain after the Lakagigar eruption
(cf. Section 4.2) stimulated a large body of discussion. For example, the chronicler
Johann Josef Langer from Rymarov attributed them to an earthquake in Messina
(Italy) on 5 February 1783 (Tutsch 1914): “During the following summer [1783], out-
standing fogs were observed in the European countries, here one time, there the next, also
in the surroundings. The cause of the fog was attributed to this [Messina] earthquake.”
News of the eruption, brought by vessels of the Danish trading monopoly from
Iceland to Copenhagen, did not reach Europe until 1 September. Benjamin Franklin
(1706-1790), American diplomat, scientist, inventor and writer, tried as early as
May 1784 to explain the dry fog observed in the summer months of 1783 and the
severe winter of 1783/1784 as follows: “... or whether it was the vast quantity of smoke,
long continuing to issue during the summer from Hecla, in Iceland, and that other vol-
cano which arose out of the sea near that island, which smoke might be spread by various
winds over the northern part of the world, is yet to ascertain” (Humphreys 1913). A
year later he was probably the first to connect climate with volcanic eruptions
(Demarée, Ogilvie 2001). Observations on the Asama eruption were published
by the Dutchman Isaac Titsingh in Dejima (Nagasaki) in the early 19 century
(Demarée et al. 2013).

Attempts to explain climatic anomalies around the time of the Tambora erup-
tion were stimulated by the series of cold summers from 1812 onwards, after a
warm summer in 1811. First, a certain Béckmann, in an article published in Ba-
dischen Staatszeitung and reprinted in the Wiener Zeitung (9 July 1816, p. 755) and
the Briinner Zeitung (12 July 1816, pp. 759-760), linked them to Flaugergues’ comet
(the “Great Comet” observed in autumn 1811), the number of sunspots or a long-
term, slow cooling of the Earth (cf. Brazdil et al. 2016). The second half of April
1817 was extremely cold and snowy; for example, Simon Hausner in Buchlovice
reported such awful weather that “almost no previous April [since 1803] has been as
bad” (S4). In search of explanations, Wiener Zeitung (8 May 1817, p. 421), covering a
report of the I. R. Astronomical Observatory [k. k. Sternwarte] in Vienna, suggested
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earthquakes and volcanic eruptions as possible reasons for cooling. Some contem-
porary scientists also considered huge masses of ice drifting in the North Atlantic
as responsible for the cold summer of 1816 in western Europe (Bodenmann et al.
2011). A relation between the “Year without a Summer” and the Tambora eruption
was pointed out by Humphreys (1913) in a discussion of the role of volcanic dust
and other factors in climatic changes.

5.3. Social impacts of the Lakagigar and Tambora eruptions

Section 4.3 indicates that the negligible social impacts of the Lakagigar eruption
were simply not comparable with the severe aftermath of Tambora. For example,
Post (1977) classified the post-Tambora time as “the last great subsistence crisis in the
Western world”, following on from the period of the Napoleonic wars in Europe.
The famines documented in some central European countries such as Germany
(Bayer 1966) and Switzerland (Krédmer 2015) are widely-known, for example. These
were associated with enormous rises in grain prices, attributed by Post (1970) not
only to inflation and overproduction, but also to low temperatures and abundant
precipitation in 1816-1817 related to volcanic eruptions, particularly Tambora
(an unidentified tropical eruption in late November / early December 1808 was
classified as the second most explosive sulphur-dioxide-rich volcanic eruption for
the previous two centuries - Guevara-Murua et al. 2014). The subsequent drop in
prices then led to a series of bankruptcies, poverty and vagrancy; this situation
was reflected in population decline and increased mortality. In contrast to Post
(1970), Albert (1964), investigating an agricultural crisis after 1817 in Moravia, did
not associate the less productive years with the Tambora eruption. He attributed
the increase in grain prices after the Napoleonic wars to a shift in agricultural
emphasis, especially towards potato cultivation. Potatoes began to compete with
grain, while low livestock numbers were insufficient to absorb any corn surplus.
The good harvests in 1818-1821 then contributed to a decrease in grain prices in
Moravia after 1817.

The social impacts of the Lakagigar and Tambora eruptions in the Czech
Lands must be addressed in the light of the contemporary socio-political situ-
ation. Emperor Joseph II, considered by many a representative of enlightened
absolutism, ruled the Austrian Empire in the 1780s. His reign was notable for
new freedoms - the abolition of serfdom, the beginnings of religious tolerance
and the restriction of censorship. It was also a time of German cultural colonisa-
tion (“Germanization”), burgeoning bureaucracy and state centralization. The
Czech Lands saw something of a national renaissance, cultural development (new
schools, theatres, libraries, etc.) and economic advancement (establishment of the
first factories, construction of imperial roads, etc.; Bélina, Kase, Kucera 2001).
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Much of society in the Czech Lands was agricultural, centring on grain production;
however, innovations to backward agricultural practices were slow to penetrate
(Beranov4, Kuba¢ak 2010). By end of this period, there was growing dissatisfaction
throughout society, largely fuelled by rising prices and despotic approaches to the
implementation of change (Lné&ni¢kov4 1999).

In the second decade of the 19 century, the Czech Lands played a leading part
in the Austrian Empire’s participation in the industrial revolution. Craftsmanship
and manufacturing gathered pace, and agriculture took to the rotation of crops.
The Napoleonic wars, accompanied by stagnation of population growth, rising
prices, poverty, hunger, increasing numbers of beggars and a high incidence of un-
rest in the countryside led to state bankruptcy in 1811 (Bélina, Hlavacka, Tinkovd
2013). Under Emperor Franz I, a deeply conservative ruler, royal power expanded
to penetrate every corner of society, contributing to the creation of what was
essentially a police state, characterised by stifling bureaucracy, censorship and
resistance to reform (Taylor 1998). A growing demand for grain and foodstuffs,
with rising prices, contributed to higher incomes for farmers and an agricultural
boom in the Czech Lands that lasted until 1817 (Lnénic¢kova 1999).

6. Conclusions

The main features of the Lakagigar and Tambora eruptions and post-volcanic cli-

matic patterns and environmental and socio-economic effects in the Czech Lands

can be summarised in following points:

1. Temperature patterns: Lakagigar - a number of extreme seasons in 1784-1786;
Tambora - one extreme summer 1816 (“Year without a Summer”)

2. Precipitation patterns: Lakagigar - extreme autumn 1783; Tambora - extreme
summer 1815 and autumn 1815

3. Weather effects: Lakagigar - dry fog (haze), heavy thunderstorms (no rain), sun
and moon red; Tambora - no directly observed post-volcanic weather effects

4. Environmental effects: Lakagigar - floods in February 1784, April 1785 and
August 1786, no indications of landslides; Tambora - floods in August 1815 and
March 1817, five landslides in north-western Bohemia in 1817

5. Socio-economic effects: Lakagigar - no effects on agriculture and grain prices,
no crisis indications, fatalities among those ringing city bells to ward off thun-
derstorms - prohibition of ringing; Tambora - bad grain harvest, rise in grain
prices, lack of bread, hunger, high vagrancy, important societal impacts.

In evaluation and interpretation of these basic results we have to take in account
the fact, that extreme phenomena like volcanic eruptions contribute to some
environmental (natural) or social-economic changes in complicated cascades or
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chains of processes and phenomena with various relaxation times. While for the
post-volcanic weather and climatic patterns are these relationships to eruptions
more straightforwarded (see points 1-3 of conclusions), in case of environmental
(point 4) or socio-economic (point 5) effects such relations are much more com-
plicated. Particularly in case of landslides (point 4), although they are generally
related to higher precipitation, the occurrence of five landslides in north-western
Bohemia during 1817 cannot be taken as any prove of Tambora volcanic effect.

The detail regional analysis of post-volcanic consequences for the Czech Lands,
presented in this contribution, extends existing knowledge of effects of both erup-
tions in the European and worldwide scales (cf. e.g. Stothers 1984, 1996; Harington
1992; Grattan et al. 2003, 2005; Oppenheimer 2003; Vasold 2004; Demarée, Mikami
2005; Pisek, Brazdil 2006; Trigo et al. 2009, 2010; Bodenmann et al. 2011; Auch-
mann et al. 2012; Brugnara et al. 2015; Kramer 2015; Luterbacher, Pfister 2015).

From the summary comparison of the consequences of both eruptions follows
that the effects of the high-latitude Lakagigar eruption (VEI = 4, closer to central
Europe) were climatologically stronger than those of the tropical Tambora erup-
tion (VEI =7, a far greater distance from central Europe), while the opposite held
for societal responses. The analyses and documentation cited in this paper demon-
strate the relatively weaker effects of large tropical eruptions at regional or local
scales for the Czech Lands (central Europe - cf. e.g. Briffa, Jones 1992; Pisek, Brazdil
2006) compared with certain closer but less intense eruptions, such as the Lakagi-
gar eruption in Iceland in 1783-1784. This is also in accordance with the results of
Mik3ovsky et al. (2014), who disclosed the prominent and statistically significant
imprint of major volcanic events on the global temperature signal while changes
in mean Czech temperature series remained negligible (1866-2010 period).
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SHRNUTI

Klimatické a dalsi odezvy vulkanickych erupci Lakagigaru z roku 1783 a Tambory z roku 1815
v €eskych zemich

Préce se zabyva studiem klimatickych, povétrnostnich a ostatnich jevi v ¢eskych zemich nésle-
dujicich po dvou geograficky a velikostné odli$nych erupcich v posledni ¢asti tzv. malé doby ledo-
vé: Lakagigaru na Islandu (Index vulkanické explosivity VEI = 4) dne 8. éervence 1783 (doplnéné
zat4tkem srpna erupci sopky Asama v Japonsku s VEI = 4) a Tambory v Indonésii (VEI =7) dne
10. dubna 1815. Klimatologické analyzy se opiraji o homogenizované mési¢ni a sezonni teploty
vzduchu méfené na stanici Praha-Klementinum a o rekonstruované rady mési¢nich a sezonnich
teplot vzduchu st¥edni Evropy a fady sezonnich srazkovych tihrni éeskych zemi (Ceska) v obdobi
1775-2007 (rekonstrukce jsou odvozené z dokumentarnich tidaji a z meteorologickych méteni).
Dokumentarni idaje jsou déle vyuZity pro popis jevii nasledujicich po obou erupcich. V pripadé
erupce Lakagigaru byly v nésledujicich letnich mésicich roku 1783 pozorovany ve stfedni Evropé
zvlastni projevy po¢asi v podobé ,,suché mlhy“ (zdkalu), silnych boutek (vétsinou bez desté) a vy-
raznych optickych jevil. Nasledné se projevily viznamné zdporné teplotni anomalie (tj. studena
obdobi) v zimé 1783/84, na jate roku 1785 a v 16t& a na podzim roku 1786 (obr. 1-2, tab. 1). Erupce
Tambory, jako jedné z nejvétsich zndmych erupci, nebyla provdzena zvlastnimi povétrnostnimi
jevy, ale nasledovalo po ni extrémné studené léto roku 1816, kviili némuz se pro tento rok vzil
nézev ,rok bez 1éta”. Spolu s predchozim destivym létem roku 1815 a podzimem téhoz roku tak
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po sobé nasledovaly dva roky se $patnou trodou a vjraznym narastem cen obilovin, kulminu-
jicim v roce 1817 (obr. 3), coZ se negativné projevilo ve spoleéenskych dopadech (nedostatek
chleba, bida, hlad, bankroty, tulactvi). Z dalich vyraznych udélosti 1ze uvést povodné v inoru
1784, dubnu 1785 a srpnu 1786 v letech po erupci Lakagigaru a povodné v srpnu 1815 a bfeznu
1817, stejné jako pét sesuvii v severozdpadnich Cechéch v roce 1817 po erupci Tambory. Zatimco
extrémni projevy pocasi po erupci Lakagigaru byly dany napf. do souvislosti se zemétresenim
a teprve pozdéji s vulkanickou ¢innosti na Islandu, série studenych 1ét od roku 1812, mezi néz
se zaradila i 1éta po erupci Tambory, byla nejdfive ddvdna do mozné souvislosti s vyskytem
Flaugerguesovy komety v zari roku 1811, se zménami v po¢tu sluneénich skvrn ¢i s procesem
dlouhodobého ochlazovani Zemé. Teprve po extrémné chladném dubnu 1817 se zacala uvadét
vedle zemét¥eseni i mo¥n4 spojitost s vulkanickou &innosti (i kdyZ ne konkrétné s Tamborou).
Z porovnani efekti spojenych s obéma studovanymi erupcemi vyplynulo, Ze povétrnostni a kli-

vevys

matologické dopady erupce Lakagigaru byly v ¢eskych zemich daleko vyraznéjsi nez v pripadé
Tambory, ktera se ale zase projevila vyznamnéj$imi disledky v ekonomicko-spoleéenskych
dopadech. Ziskané poznatky vhodné dopliluji z regiondlniho hlediska rozsahlou literaturu

vénovanou problematice obou erupci v evropském i $ir$im kontextu.

Obr.1 Kombinace sezonnich teplotnich anomalii v Praze-Klementinu a ve stfedni Evropé
a sezonnich anomalii sraZek v ¢eskych zemich v letech 1783-1786 a 1815-1818 (refe-
ren¢ni obdobi 1961-1990; Wi - prosinec-tGnor, Sp - bfezen-kvéten, Su - éerven-srpen,
Au - zaFi-listopad).

Obr.2 Kombinace mé&si¢nich teplotnich anomélii (referenéni obdobi 1961-1990) v Praze-Kle-
mentinu a ve stfedni Evropé v letech 1783-1785 a 1815-1817.

Obr.3 Kombinace koliséni cen étyt hlavnich obilovin (p3enice, Zito, je¢men, oves) v letech
1779-1788 a 1811-1820: a - Praha (idaje podle Schebka 1873), Litomé¥ice pro oves (zla-
ty / 61,49 1) - tidaje jen do roku 1817 podle Tlapdka (1977); b - Brno (grose) - tidaje podle
Brazdila, Durdakové (2000), Morava (zlaty/hl) - tidaje podle Alberta (1964).

ACKNOWLEDGEMENTS

The authors acknowledge the financial support of the Czech Science Foundation for project
no. 13-19831S. RB, LR and LD also received funding from The Ministry of Education, Youth and
Sport of the Czech Republic within the National Sustainability Program I (NPUI), grant number
LO1415. Tony Long (Svinogice) helped work up the English.
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