RESPONSES TO REFEREES
(responses to referees and and changes in the ongnmbase in red colour)

We would like to thanlAnonymous Referee Tor very valuable comments contributing to
the improvement of the paper.

Specific comments

The authors should reconsider the importance/ngge$she comparison with the Lakagigar
eruption. Both eruptions are completely differdati{fude, date, vicinity to Czech lands. . .) so
the authors should clearly explain why it is ingieg this comparison between them. Moreover,
it is important that the authors explain clearlg thfferent features of the two eruptions. In this
point, | think that another option is focusing freper only in the Tambora eruption.

RE: The paper is newly oriented only on the Tamlgougtion. Everything related to Lakagigar
eruption was deleted and parts related to Tambera whanged accordingly.

The discussion section is not clearly linked with tesult sections; this is more evident

in sections 5.2 and 5.3

RE: Because of excluding parts of the manuscripted to the Lakagigar eruptions, we changed
discussion and we hope to be more close to thétsgmesented.

One of the main conclusions of the paper is thaflambora eruption impacted less in the
climate and more in the society that the Lakagoge. But | miss a discussion about why this
happened.

RE: Because of deleting effects of the Lakagigaption, these effects of both eruptions are not
directly compared. Climatic and human impacts ef Tambora eruption then follow from
corrected results as well as corrected discussion.

Introduction The unidentified eruption of 1809 ited in the introduction. But nothing about this
eruption is explained in the rest of the text. Téngption can affect the short-term analysis
presented in the paper because “the mean tempefatuzach month was calculated using
temperature data from five years prior to the aoupt some discussion about that could be
interesting.

RE: We add some related sentences into the lasg@oh of Section 5.1: “In the light of papers
by Cole-Dai et al. (2009) and Guevara-Murua ef2014), the cold summers early in the second
decade of the 19th century may also have beereméied by an unknown volcanic eruption in
1808/1809. In this context, Bronnimann (2015) desti@ted cool April-September 2010
patterns compared to mean surface air temperatude01-1830 and argued that this eruption
could have set the stage for sustained ocean go@ompare Stenchikov et al., 2009). However,
1811 was already warmer in the Czech Lands fromgpo autumn, and lower temperatures
started in 1812 (see Fig. 2).”

About the impact of Lakagigar out of Europe coutdrteresting to cite Trigo et al (2010). Also
could be useful in the discussion about the foggnes. Ordering the archival sources the S1
must be cited the first in the text then S2.



RE: Because of reduction of the manuscript onlyh@nTambora eruption, Trigo et al. (2010)
was not included into References.

Methods No methods are described for the use addbamentary data (no instrumental).

RE: Accepted, the new paragraph related to thefildecumentary (instrumental) data was
added as follows: “In this paper, descriptions ehther and related phenomena in the Czech
Lands post-Tambora, i.e. May 1815-December 181dexnieed from documentary data. All
such the data extracted were critically evaluateduding analysis of source credibility, place
and time attribution of records, content analyisitgrpretation of records with respect to recent
meteorological terminology and cross-checking abrds against various different places in the
Czech LandsThe creation of a database was the next step, ichvitiformation about place,
time and event, characterised by key-words, fybres and data sources, has been recorded to
provide a basis for further use (see Section £@ybich’s records from Zitenice (S1-S3) and
Hausner’s observations from Buchlovice (S4) weentfurther employed for calculation of
monthly numbers of precipitation days in 1815-183® Fig. 6).

The climatic effects of the volcanic eruptibased on instrumental observati@ne
expressed in the short-term and long-term contéxthie short-term, thepproach followed is
that taken by several other papers addressingfiheseof eruptions on temperature series (e.g.
Sear et al., 1987; Robock and Mao, 1995; Kellyl.et1896; Pisek and Brazdil, 2006; Fischer et
al., 2007). Temperatugatterns related to the eruption are described aven-year period to
avoid the possible influence of a strong trend. Moath of the eruption is taken as month zero.
The mean temperature for each month was calculsied temperature data from five years
prior to the eruption. Each monthly mean tempeeatar five years before and after the eruption
was then expressed as a departure from the cadulaan value. The same approach was
applied to series of precipitation totals. For ltheg-term context, the eruption year and two
subsequent years were characterised by their ardemagnitude in the whole series shown in
increasing (temperatures) or decreasing (precipitaorder’

Results

Pag. 3 line 33-37 This paragraph would be betténenintroduction with a comparison with the
Lakagigar eruption. | do not like the structurthihk that some information given in “Post-
volcanic weather and impacts on society” are “ctimeesponses”. | propose a year by year
structure but with all the information (instrumeraad documentary, climatic and social) for
each year.

RE: Accepted. The corresponding paragraph wasdedwn the beginning of the second
paragraph in IntroductionA*great deal of literature has been devoted toyarsabf the
climatological and environmental effects of the ama eruption. The volcanic eruption of
Tambora (Lesser Sunda Islands, Indonesia) in Agdb, is among the most powerful of its kind
recorded, classified at an intensity of 7 in teoh§olcanic Explosivity Index (VEI) (a relative
measure of volcanic explosiveness, VEAmsopen-ended scale that ranges from 0 to 8, vhere
represents the most colossal events in history.dased on the amount of volcanic material
ejected and the altitude it reaches — see NewhdlSznf, 1982)

Concerning of joining of instrumental and documentata year by year we do not see as too
useful with respect to different suite of data. ¥entioned it inn introductory paragraph to
Session4 as: “This section describes climate, veeathd related phenomena in the Czech Lands
during the time after the Tambora eruption. Becdhseharacter of the data differs quite



sharply, a division is maintained between inforimatbbtained from quantitative meteorological
measurements and more qualitative data arisingfadiicumentary evidence.”

Pag 4. Line 29. When are the haymaking and the dyaivest?

RE: Haymaking is in average running before the duide and grain harvest in the third decade
of July. But in this context we only say that haking and the grain harvest have run during the
rainy weather, i.e. in bad weather conditions. Beeave speak before about summer months,
attribution both activities to summer is apparent.

Page 4 line 29-30 “if two days were fine, it thamed for two days.” This phrase it is not clear
for me, is it referred to august?.

RE: This sentence follows after mentioning of Augus. this concerns of August. We hope that
change of phrase d¢if two days were fine, it then rained févllowing two days”is better
understandable. It means that any days of finelveeatere immediately followed by rainy
weather.

Page 4 line 30 “The wine vintage was bad for thwe thear” | do not understand this phrase,
what year is the third? 18157 Is there some cloretplanation for the caterpillars

plague in May?

RE: Accepted and corrected &Fhe wine vintageof 1815was bad for the third yeaafter 1813
and 1814S4).” Sorry there is not any climatic explanations faegailars. We put this sentence
with respect to the fact that it had influence au harvest of fruits which were important part of
nutrition for people.

Pag. 4 line 36-37. “Kreybich reports a flood on Hibe for 10-14 August with extensive damage
to agricultural crops” is it known the specific &on? Zitenice?

RE: Accepted and corrected am & similar vein, Kreybiclin his records at Ziteniaeports a
flood on the Elbe for 10-14 August with extensiaendge to agricultural crops (S1).”

Pag 4. Line 41. The dry autumn of 1815 is alsoraentified in figure 4.

RE: Accepted, the corresponding sentence was chagy®mllows: The wet, cold summer gave
way at the end of August to a very dry, cold autumb815, confirmed by sources from
Bohemia (S1) and Moravia (S4), and clearly docuerdny negative precipitation anomaly (Fig.
5) andlower monthly numbers of precipitation days (Fiy” 6

Pag 5 line 11 “Other Czech documentary sourcestd&846 as particularly cold and wet, with
bad harvests and rising prices of all productss fitirase need a cite.

RE: This sentence introduces several documentaay aaich follows afterwards. Making
clearer this context, we changed subsequent sentenollows: “For examplaround Nové
Mé&sto na Moraw ..."

Pag 6 line 11 “shortages” of what? food? water?
RE: Accepted and corrected &shortagesf food’

Pag. 6 25-29. | see better this paragraph in tinedanction and developing a comparison with the
Lakagigar eruption.



RE: This paragraph was deleted with respect toicéen of the paper only to the Tambora
eruption.

Pag. 7 Many references to thunderstorms during.étagigar eruption but also during the
Tambora. Can you discuss deeply how this phenomenwiad be induced by the eruptions?.
RE: Removing the Lakagigar eruption from the agidot any particular thunderstorms are
reported, i.e. proposed discussion would be net/egit.

Figures

Figure 1: It would be interesting including a leddn explain which locations have instrumental
information (temperature and precipitation) andfocumentary information.

RE: Corrected as requested.

Figure 2, 3, 4: Does it make sense including thezQlands series? This series during this period
is calculated from Prague and Brno. Both includethe figures.

RE: We see including of the Czech series as udeftihe period analysed it is not only simple
average of the two series because of method afiledilen used (both series were adjusted with
respect to 1961-2000 temperature patterns — seeliBedal., 2012a).

Figure 6: Redundant, all the information in thigufie is also in figure 10.
RE: Figure 10 was deleted.

Technical comments Be coherent with format of theesl 7 April or 28th April.

RE: This concerns of formulatiorisetween 11th and 28th Apriind“between 17th and 28th
April”, otherwise we use the first type of writing. Weasolted it with a native speaker: if we use
only “between 17 and 28 April”, it implies thatshowed only once and we don’t know when.
From this reason we let it in its original form.



We would like to thaniRicardo Trigo (referee 2)for very valuable comments contributing
to the improvement of the paper.

1. Major comments

1.1. (Novelty of datasets used and results obtaineltl is not entirely clear to readers the level
of novelty of the various datasets presented itige®.2. If | understood correctly all datasets
have been described/used in the past, with thepéiros of the documents related to Reverend
Simon Hausner and the teacher Noviny pod Ralskéws.i$ important to understand if the
authors have simply used datasets compiled prdyi¢esen if often by themselves) or if new
datasets where explored within the scope of thisqoudar work.Please clarify.

RE: The sections 2.1 and 2.2 related to data watyrre-elaborated. Using of all data available
for the analysis of the Tambora eruption is newalbise we did not yet worked with this topic.
Some of these datasets were already reportedlmyrated in some other publications (i.e. in
referee’s understanding “dataset compiled previgydbut with other aims than in this topic.
Other data were not yet published, but were exdthdtiring the systematic historical-
climatological research running for couple of yaareur institute. The new paragraphs 2.1 and
2.2 were changed as follows:

“2.1 Instrumental data

The climatological analysis herein is basedlanfollowingmonthly, seasonal and annual
temperature and precipitation series for the Ciextds (Fig. 1):

(i) Prague-Klementinum (central Bohemia): homogethiseries of temperatures (1775-2010)
and precipitation (1804-2010), starting in a blo€kuildings that were once the Jesuit college
of St. Clement, and located on the same site guitié recently (for data see Brazdil et al.,
2012a)

(i) Brno (south-eastern Moravia): homogenisedesedf temperatures (1800-2010) and
precipitation (1803-2010) compiled from a numbeplates in the Brno area and homogenised
to the recent Brno airport station (for data se@&zBil et al., 2012a)

(iif) Czech Lands: series of mean areal temperat(f800-2010) and mean areal precipitation
(1804-2010) calculated from ten homogenised tenyeraeries and 14 homogenised
precipitation series over the Czech Lands (for dathdetails of calculation, see Brazdil et al.,
2012a, 2012b)

(iv) Zitenice (north-western Bohemia): homogenisedes of temperatures (1801-1829)
measured by parish priest Frantidek fictdJakub Kreybich at Zitenice (measurements starte
1787 but incomplete before 1801), worked up by Bité&t al. (2007)

(v) Central Europe: reconstructed temperature SéAB 1500-2007), consisting of temperatures
derived from documentary-based temperature indareGermany, Switzerland and the Czech
Lands up to 1759 and homogenised temperature séridssecular meteorological stations
located in these three countries and Austria fr@g@0lonwards (Dobrovolny et al., 2010).

2.2 Documentary data

The pre-instrumental and early-instrumental peaboheteorological observations in the Czech
Lands is well covered by documentary evidencecdbatains information about weather and
related phenomena. It occurs in a number of dateces (e.g. annals, chronicles, memoirs,
diaries, newspapers, financial records, songgrtetepigraphic records, and others), which
provide the basis for research in historical clohadgy (Brazdil et al., 2005b, 2010b)s well as

a wealth of chronicles and personal histories rapgwarious climatic and weather anomalies,



their impacts and consequences (for those usddsistidy se&ection 4.2), the following

sources have proved particularly valuable:

(i) Annual summaries of the weather and the geresrahomic situation that accompany the daily

weather observations kept by FrantiSek dafdJakub Kreybich in Zitenice for the years 1815,

1816 and 1817 (S1-S3)

(i) Qualitative daily weather observations anditmeonthly and annual summaries kept by

Reverend Simon Hausner of Buchlovice (south-eadfiemavia), spanning the 1803-1831 period

(S4)

(i) The detailed weather records kept by Antorire&nn, a teacher in Noviny pod Ralskem,

over the 1756-1818 period, which were copied in&lbcal “book of memory” by Joseph

Meissner in 1842 (S6)

(iv) Notes extracted from meteorological observai&ept by Antonin Strnad and Alois David,

the third and fourth directors of the Prague-Kletitanm observatory (Poznamky, 1977).
Moreover the editions of newspapers published in Praguader Zeitung, Brno

(Brunner Zeitunyand Vienna\(Viener Zeitunyjcovering the post-Tambora years were also

systematically scrutiniseidr 1815-1817Although weather information appears relativelyehar

in their pages with respect to descriptions of é&v@mthe Czech Lands or Austria)atedstories

from other parts of Europe or North America clegmgvailthere”

Moreover, to ensure reproducibility and homogemirabf derived datasets it is common for
authors to provide all methodological steps onitifigmation and time series derived from
documentary sources. Here no such informationasiged in section 3 (Methods), underlining
perhaps that these are not new dataset®Il@)se clarify.

RE: Accepted, the new paragraph related to thetidecumentary data was added as follows:
“In this paper, descriptions of weather and relggkdnomena in the Czech Lands post-Tambora,
i.e. May 1815-December 1817 are derived from docuiang data. All such the data extracted
were critically evaluated, including analysis otisze credibility, place and time attribution of
records, content analysis, interpretation of resavith respect to recent meteorological
terminology and cross-checking of records agaiagbus different places in the Czech Lands.
The creation of a database was the next step, ichviufiformation about place, time and event,
characterised by key-words, full reports and dataces, has been recorded to provide a basis for
further use (see Section 4.2). Kreybich’s recordsfZitenice (S1-S3) and Hausner’s
observations from Buchlovice (S4) were then furémaployed for calculation of monthly
numbers of precipitation days in 1815-1817 (see®ji§

It is clear that the authors have a large expeg@m@ast-climate analysis, particularly over
Czech Republic. Thus, it is expected that all rateliterature for the main topic of this work
(i.e. impacts of major eruptions in Czech landg)rsvided at the introduction, allowing to stress
the novelties that will be investigated here. Thus rather strange that the first time a key
reference evaluating the impact of major eruptiortbe mean Czech temperature region is
mentioned only at the end (Page 11), and not imtineduction (MikSovsky et al, 2014please
clarify.

RE: The new paragraph related to effects of votcaniption in the Czech Lands was added in
Introduction part as follows: “There are only a fetudies that address the effects of volcanic
activity on the Czech Lands (central Europe). @neple, Kyncl et al. (1990) analysed climatic
reactions and tree-ring responses to the Katmatieru(Alaska) in 1912, largely on a central
European scal@&razek (1992) studied the impacts of large 19th—2@ihtary volcanic eruptions



upon temperature series at the Prague-Klementitatiors. Brazdil et al. (2003) described a
number of extreme climatic anomalies following %83 Lakagigar eruption (Iceland) in the
course of an analysis of daily weather records 6ogel 780-1789, kept by Karel Bernard Hein
in Hodonice, south-west Moravia. Pisek and Br&&flD6) used temperature records from
Prague-Klementinum, together with other centralopean series (Kremsmunster, Vienna-Hohe
Warte and Germany), to address the temperaturetefhe seven large tropical eruptions and nine
eruptions in Iceland and the Mediterranean, cometesad by short descriptions of the Lakagigar
1783 and Tambora 1815 events based on documeratyThis paper also included the effects
of three tropical eruptions on series of sums obgl radiation for the Hradec Kralové station
(together with Potsdam in Germany and SkalnatéoRfeSlovakia). Brazdil et al. (2010)
analysed climate and floods in the first post-Lagagwinter (1783/1784) with particular
reference to central Europe. Volcanic forcing wias géaken into account as part of an attribution
analysis of Czech temperature and precipitatioeséry MikSovsky et al. (2014) and in Czech
series of spring and summer droughts by Brazdil.§2015b).”

1.2. (Lack of statistical significance inference ofeveral results) There are a number of
interesting results describing weather/climateeatrs that may be associated to the effects of
both eruptions in the climate of the Czech Landswelver, many times the descriptions are not
accompanied by a more robust statement on thetstatisignificance (or uniqueness) of the so
called-extreme event. A few examples of that aghlighted here:

RE: Looking on the character of documentary evidemten, in many cases, we are not able to
create any series of quantitative values, it iy défficult to say, how the event was unique or
what is his statistical significance. We are abily ¢o say, that it was sure any extreme event
(looking also on experience of contemporaries) Whwas worthy of interest and from this
reason it was recorded, i.e. for memory of peopielfe future.

a) (Page 4, lines 33-36): “A message from Ligdice dated 9 August reports a flood lasting eight
days on the River Elbe after five weeks of raingigits. The water rose to a level of two feet [c.
65 cm] under the bridge, so the structure survibbetigrain, vegetable and other field crops were
damaged (Katzerowsky, 1895Hbw exceptional is this situation? How many time hsuit
occurred in the last 300 years?

RE: The problem is that documentary data usuallg §pr some particular place incomplete data
with emphasis on realy extreme events. From thist@d view we are sure that it was severe
flood when water went more than half a meter alibeeoridge. But to say, for example, how
many times it occurred during the past 300 yeaiis (0 calculate any N-year re-occurrence
period) is practically impossible. Moreover, sysagimwater-level measurements started at
Litomé¢tice since 1851, it is any more exact comparisorotsaavailable.

b) (Page 5, lines 8-10): “The ice was definitelypgdy 8-9 March (S2). Lehmann reports a 3/4-
ell [c. 58-cm]-thick crust of ice on some fieldsNioviny pod Ralskem (S6). Frosty weather
prevailed in March with blizzards from 26 to 31 Mar April was cold and dry, with no heavy
rain (S4).”Again, to what extent are these descriptions uniquim the longer term context?

RE: We are just describing weather course or istarg weather (climate) anomalies/events
which occurred after the Tambora eruption and wkierknow from instrumental records and
documentary evidence. This means that we are pottieg if every such message is unique in
the long-term context or not. Where it is possille,are trying to explain it (see e.g. your point



c) below) what is, for example, question of tempemand precipitation anomalies (see Section
5.1).

c) (Page 6, lines 5-8): Kreybich, the Zitenice iclereports four landslides in spring, the restilt o
extremely wet conditions in north-western Boherttia: first on KiZzova hora Mt. north of
Zitenice, the second on Trojhora Hill between Claliadice and TFebusin, the third at Vitin near
Malé Brezno (community now defunct) and the fourth easliloivé (S3)Are landslides very

rare in the area? How often do these occur?

RE: Following text, characterising landslides déxs, was added: “ Five landslides in 1817 in
north-western Bohemia, which are not included aHfstorical catalogue of landslides by
Spirek (1972), are the three most important eventhistkind to appear in documentary
evidence before 1900. Other recorded documentelslides in this area took place only in 1770,
as a result of the very wet and rainy year of 1#6@, in winter 1769/1770 (see e.g. Raska et al.,
2016) and in 1897-1900, due to persistent wet aimy patterns (Ryld&and Suchy, 2000).”

1.3. (The choice of Tambora vs Lakagigar is not cd&). It is not clear to readers the choice of
these two eruptions that are so different in tharacteristics, location, impacts, etc. A more
straightforward approach would be to consider sdvanjor tropical explosive eruptions (as
those listed in Fischer et al. 2007) or, alterredyivmajor eruptions in high latitudes (particwarl
in Iceland). Besides taking place roughly with &&gs apart, it is not entirely clear the rationale
for the combined assessmdpliease clarify.

RE: The paper is reduced only on Tambora eruptiohits consequences. Parts related to
Lakagigar were deleted.

Please notice that the differences between theypeas of eruptions are so large that they have
implications in the literature cited (that can hete different) and even way their impact is
evaluated. In particular the definition of montfadd in fact year 0, 1 and 2) is quite unclear to
me in the case of the eruption of Lakagigar thak folace between (1783 and early 1784).
Please clarify

RE: Part of the manuscript related to Lakagigar cedsted.

2. Minor suggestions/comments

2.1.(Page 3, sections methods) Please provide 1 denees to support the various options
explained, particularly the 5+5 years used befackatter the eruption.

RE: Accepted, we add following sentence with sometations: The climatic effects of the
volcanic eruptiorbased on instrumental observati@ne expressed in the short-term and long-
term contexts. In the short-term, thigproach followed is that taken by several otheepa
addressing the effects of eruptions on temperaermes (e.g. Sear et al., 1987; Robock and Mao,
1995; Kelly et al., 1996; Pisek and Brazdil, 20B6cher et al., 2007).”

2.2.(Page 3, end of section 4.1) | think that thisisecivould gain with a sentence explaining
that major tropical eruptions (e.g. Tambora-181fHKatoa-1883, Pinatubo 1991) have the
capacity to alter the radiative balance for thérentorld, impinging widespread cooling at the
surface level of the globe, but often inducing éasgale changes in the atmospheric circulation
that can warm the continental areas in winter ¢seefully Robock 2002, Science).

RE: Accepted. Because of the comment of the referee had to move small Section 4.1 to
Introduction. In the first paragraph of Introductiove included two sentences, following your



request: “The effects of large tropical volcaniaprons on radiative balance manifest
themselves not only in widespread cooling, but atsatribute to large-scale changes in
atmospheric circulation, leading to one or two pastanic mild winters in the Northern
Hemisphere (Robock, 2000). Fischer et al. (20039@ated volcanic activity with a positive
phase in the North Atlantic Oscillation (NAO), cangsstronger westerlies in Europe and wetter
patterns in Northern Europe.”

2.3.(Page 3, sections 4.1) The term VEI has not bescoritbed before. Please provide its
meaning here when it appears for the first timel¢sioic Explosivity Index, VEI). It would be
also useful to give a range of its scale betweandl8 (and a glimpse of the logarithmic nature of
its scale, thus emphasizing the much larger volohtava associated to a VEI-7 when compared
to a VEI-6).

RE: Corrected. Explaining text related to VEI wasled as follows: The volcanic eruption of
Tambora (Lesser Sunda Islands, Indonesia) in Agdb, is among the most powerful of its kind
recorded, classified at an intensity of 7 in teoh§olcanic Explosivity Index (VEI) (a relative
measure of volcanic explosiveness, VEAmsopen-ended scale that ranges from 0 to 8, véhere
represents the most colossal events in history.dased on the amount of volcanic material
ejected and the altitude it reaches — see NewhdlS2nf, 1982).”

2.4.(Page 4, lines 1-2, Fig. 2) The 5 lines used inZ=gge very similar and it is not clear the
exception mentioned for Brno as being particularlider than the others for the winter
1816/1817 (?)

RE: Accepted. Because it is not clearly visibl€&ig. 2, the formulation were modified to make
this point more clear:After a very mild winter of 1816/1817 (the mildéstthe 1811-1820
periodin four series; only winter in Brno 1814/1815 wéglgly warmel, negative anomalies
occurred, especially in spring with the strongegative anomaly (stronger than in summer
1816).”

2.5.(Page 4, Section “The year 1815") Are the authgrlying that the “cold May 1815 with

more frequent rain and frosts on 29-30 May” arateg to the Tambora eruption? And the same
doubt applies to the reference to the fruit tresse by caterpillar.

RE: We are not implying, that any events descrénreddirect effect of Tambora eruption. We are
just describing weather or interesting weathenfate) anomalies/events which occurred after
the Tambora eruption and which we know from inseuatal records and documentary evidence.
Sentence about “eaten fruit trees by catterpiihcluded because it had influence on bad
harvest of fruits which were important part of midn for people.

2.6.(Page 4, Section “The year 1815") Are the authoygying that the “cold May 1815 with
more frequent rain and frosts on 29-30 May” arateel to the Tambora eruption?
RE: See response to the previous point 2.5.

2.7.(Page 6, line 17) Please provide a reference t® leigrlier at the end of the sentence:
“...driving prices up from 1813 onwards, culminatingl817 (Fig. 6)”.
RE: Corrected as requested.

2.8.(Page 7, lines 33-38) Several specific extreme vezagvents are mentioned here (e.g. March
1784; April 1785). A number of works for other sastof Europe have been developed for the



years post-Lakagigar, please provide some linkkdéee works in terms of compatibility (or not)
of the atmospheric circulation anomalies.
RE: Parts of the manuscript related to Lakagigaptesn were completely deleted.

2.9.(Page 8, section 5.2) The contents of this seafemot particularly well incorporated into

the overall flow of the text. First, this discugsig not structured with Tambora being analysed
after Lakagigar (that should be probably the mastiral order, but the authors have preferred the
reverse from the beginning). Secondly the tempamdispatial link between these various
theories (earthquake in Messina 1783, Comet in 1&liinber of sunspots in 1814, etc) is not
provided in a meaningful way.

RE: Corrected as requested. A part related to Ligkagvas deleted and a part related to
Tambora was changed accordingly.

Figures

Figl Please provide different symbols for statisitt different information. For example Prague
and Brno should have a distinct symbol. The sampéydpr those locations with just
documentary sources.

RE: Corrected as requested.

Fig3. | believe the figure caption should read:ff&ience between mean summer and winter...”
RE: Corrected as requested.

Fig. 6 It seems that the contents of this figuneegeated in Fig 10 (?)
RE: Figure 10 was deleted.

Fig. 7 | believe that the time delimitation of Lakgar eruption should extend until February
1784.
RE: This figure was deleted.



We would like to thanlAnonymous Referee 3or very valuable comments contributing to
the improvement of the paper.

1. There might be some problem in this paper’'scttine and contents. The authors have centered
their paper on the 1815 eruption and its conseagerBut they also include information about

the Lakagigar eruption mainly within the “resul&2ction (only a short paragraph in the
introduction). This is quite confusing. Even théetis too long and quite ambiguous. Moreover
the two eruptions are rather different and so lae& impacts. | think the authors could consider
two solutions

- A) Either concentrate on the 1815 eruption, &y fhossess more instrumental and documentary
information

- B) Or write a paper on the comparison of the émgptions and their consequences, change the
title and modify the paper’s structure accordingiging and developing the texts where this
comparison is already carried out.

RE: The option A was selected. The paper orienig @mthe Tambora eruption and the title was
changed as follows: Climatic effects and impactthef1815 eruption of Mount Tambora in the
Czech Lands

2. Introduction - Explain how an eruption in troglisite may affect the climate in central Europe.
If you include the L. eruption, compare the feasunéboth eruptions.

RE: Accepted. We believe that the recent improwadien of the first paragraph is related also
to central Europe, i.e. changes in the radiativariz® are implying subsequent cooling and
changes in circulation. See particulgfof example, Fischer et al. (2007) analysed wiaber
summer temperature signals in Europe following Hpomtropical volcanic eruptions and found
significant summer cooling on a continental scaleé somewhat drier conditions over central
Europe.The effects of large tropical volcanic eruptionsradiative balance manifest themselves
not only in widespread cooling, but also contribiastéarge-scale changes in atmospheric
circulation, leading to one or two post-volcaniddmwinters in the Northern Hemisphere
(Robock, 2000). Fischer et al. (2007) associatéchwic activity with a positive phase in the
North Atlantic Oscillation (NAO), causing strongeesterlies in Europe and wetter patterns in
Northern EuropeLiterature addressing volcanic effects on precijgitais more sparse (Gillett et
al., 2004) For exampleWegmann et al. (2014) analysed 14 tropical eruptaomd found an
increase of summer precipitation in south-centtable and a reduction of the Asian and
African summer monsoons in first post-eruption ge&lveaker monsoon circulations attenuate
the northern element of the Hadley Cell and inflkeeatmospheric circulation over the Atlantic-
European sector, contributing to higher precipitatiotals.”

3. Data section — Documentary data and the notgsttcompany some of the instrumental data
should be described in more detail. In some calsequthors refer to their own past publications,
but a short sentence could clarify the contentacheof the sources (e.g. 1), p. 3, .11). Indicate
clearly the new information brought about by thaper.

RE: Accepted, information about instrumental anduthoentary data were re-elaborated — see
new Sections 2.1 and 2.2 below:

“2.1 Instrumental data

The climatological analysis herein is basedlanfollowingmonthly, seasonal and annual
temperature and precipitation series for the Ctexctds (Fig. 1):



(i) Prague-Klementinum (central Bohemia): homogediseries of temperatures (1775-2010)
and precipitation (1804-2010), starting in a blo€buildings that were once the Jesuit college
of St. Clement, and located on the same site guatié recently (for data see Brazdil et al.,
2012a)

(i) Brno (south-eastern Moravia): homogenisedesedf temperatures (1800-2010) and
precipitation (1803-2010) compiled from a numbeplates in the Brno area and homogenised
to the recent Brno airport station (for data se@&zBil et al., 2012a)

(iif) Czech Lands: series of mean areal temperat(f80-2010) and mean areal precipitation
(1804-2010) calculated from ten homogenised tenyeraeries and 14 homogenised
precipitation series over the Czech Lands (for dathdetails of calculation, see Brazdil et al.,
2012a, 2012b)

(iv) Zitenice (north-western Bohemia): homogenisedes of temperatures (1801-1829)
measured by parish priest FrantiSek fizfdJakub Kreybich at Zitenice (measurements starte
1787 but incomplete before 1801), worked up by Bita al. (2007)

(v) Central Europe: reconstructed temperature s¢AB 1500-2007), consisting of temperatures
derived from documentary-based temperature indareGermany, Switzerland and the Czech
Lands up to 1759 and homogenised temperature séridssecular meteorological stations
located in these three countries and Austria fr@g@0lonwards (Dobrovolny et al., 2010).

2.2 Documentary data
The pre-instrumental and early-instrumental peaboheteorological observations in the Czech
Lands is well covered by documentary evidencecdbatains information about weather and
related phenomena. It occurs in a number of dateces (e.g. annals, chronicles, memoirs,
diaries, newspapers, financial records, song®rtetepigraphic records, and others)jch
provide the basis for research in historical cliohagy (Brazdil et al., 2005b, 2010b)ss well as
a wealth of chronicles and personal histories rapgrarious climatic and weather anomalies,
their impacts and consequences (for those usddsistidy se&ection 4.2), the following
sources have proved particularly valuable:
(i) Annual summaries of the weather and the geremrahomic situation that accompany the daily
weather observations kept by FrantiSek fofdJakub Kreybich in Zitenice for the years 1815,
1816 and 1817 (S1-S3)
(i) Qualitative daily weather observations anditmeonthly and annual summaries kept by
Reverend Simon Hausner of Buchlovice (south-easfiemavia), spanning the 1803—1831 period
(S4)
(iif) The detailed weather records kept by Antormir&nn, a teacher in Noviny pod Ralskem,
over the 1756-1818 period, which were copied ihelocal “book of memory” by Joseph
Meissner in 1842 (S6)
(iv) Notes extracted from meteorological observai&ept by Antonin Strnad and Alois David,
the third and fourth directors of the Prague-Kletitanm observatory (Poznamky, 1977).
Moreover the editions of newspapers published in Praguader Zeitung, Brno
(Brunner Zeitunyand Vienna\(Viener Zeitungjcovering the post-Tambora years were also
systematically scrutiniseidr 1815-1817Although weather information appears relativelyehar
in their pages with respect to descriptions of év@mthe Czech Lands or Austria)atedstories
from other parts of Europe or North America clegntgvailthere”



4. The methods section (p. 3) should be more elrdrdeveloped, particularly when it comes to
documentary data (different steps that were nepgssa@onstruct a dataset from the
documentary data). This is included in other pafrers the same authors but should be
incorporated here referring to these specific cases

RE: Accepted, the new paragraph related to thefidecumentary data was added as follows:
“In this paper, descriptions of weather and relggkdnomena in the Czech Lands post-Tambora,
i.e. May 1815-December 1817 are derived from docuang data. All such the data extracted
were critically evaluated, including analysis otisze credibility, place and time attribution of
records, content analysis, interpretation of resovith respect to recent meteorological
terminology and cross-checking of records agaiagbus different places in the Czech Lands.
The creation of a database was the next step, ichvufiformation about place, time and event,
characterised by key-words, full reports and dataces, has been recorded to provide a basis for
further use (see Section 4.2). Kreybich’s recordmfZitenice (S1-S3) and Hausner’s
observations from Buchlovice (S4) were then furéaployed for calculation of monthly
numbers of precipitation days in 1815-1817 (see@®)iJ

5. The results sections (p. 3- 7) should be reasgdraccording to your choice of A) or B) (see
above, please). Should not the comparison of tleetwptions referring to climate and to their
impacts be included in the results part? (if ydiofe B. If you select A, then these paragraphs
should be deleted).

RE: Accepted. Because of selection of option As ffaragraph was deleted.

6. Rewrite the discussion part adding some cuerplanations about the differences of the two
eruptions and why are the impacts different (if ghowose B), putting the events into European
context.

RE: Accepted. With respect to change only on thel@a eruption, everything in the
manuscript related to Lakagigar eruption was délatel parts related to Tambora were changed
accordingly.

p. 3, line 9 —Explain what are visual weather rdsor

RE: Under “visual weather records” we understandero-less systematic daily weather
observations done without any instruments on tladitgtive way. But due to restriction of the
article only to the Tambora eruption, correspondiagtence was deleted.

p.4, 2nd paragraph. As the authors notice therébbad already a cool period in 1812-1814.
Perhaps the authors should point out more clehdyifferences between these two cold periods
and the drop of temperature anomaly after 1815.

RE: Accepted, we add following sentences into $adiliscussion where it seems more
appropriate than in the results as proposed: ‘@nitht of papers by Cole-Dai et al. (2009) and
Guevara-Murua et al. (2014), the cold summers earllye second decade of the 19th century
may also have been influenced by an unknown vatoamniption in 1808/1809. In this context,
Brénnimann (2015) demonstrated cool April-Septen2@d10 patterns compared to mean surface
air temperatures in 1801-1830 and argued thaethjstion could have set the stage for sustained
ocean cooling (compare Stenchikov et al., 2009)véiler, 1811 was already warmer in the
Czech Lands from spring to autumn, and lower teatpees started in 1812 (see Fig. 2).”



P. 4, line 16 (and Fig.4) — you refer that auturBh7.shows strong negative anomalies, but
autumn 1815 has also little rain. Please explain.

RE: Analysis of precipitation data after post-Tamgbpears allows us to detect some climatic
anomalies which are clearly reflection of someuwaton patterns (e.g. more often high-pressure
situations over Central Europe in the both menticagumns). But we are not able to go behind
because we do not know papers explaining circulatianges after large tropical volcanic
eruptions in Europe what is not intention of thicée.

Figure 1 — indicate through different symbols thecps from where you used meteorological and
documentary data. If you have both data for theessite use a combined symbol.
RE: Corrected as requested.

Figure 2 — why are the anomalies calculated redftito the five years’ period preeruption?

RE: We used method of analysis applied in sevepégs dealing with effects of volcanic
eruptions in temperature serie¥heé climatic effects of the volcanic eruptibased on
instrumental observatiorae expressed in the short-term and long-term gt the short-
term, theapproach followed is that taken by several otheepaaddressing the effects of
eruptions on temperature series (e.g. Sear €t97; Robock and Mao, 1995; Kelly et al., 1996;
Pisek and Bréazdil, 2006; Fischer et al., 2007)."mfentioned in Section 3: “Temperatyratterns
related to the eruption are described over a tem4yeriod to avoid the possible influence of a
strong trend.”

Figure 3- The Figure caption is not clear and tine ‘temperature _C” in the vertical axes are
confusing. You could write in the right one “Temaikere anomalies in C.E.” and leave the left
one as itis.

RE: Corrected as requested.

Figures 6 and 10 — there is no need to include figdines.
RE: Accepted, Figure 10 was deleted.



We would like to thanlAnonymous Referee 4or very valuable comments contributing to
the improvement of the paper.

Review:

The authors compare the effects of two major vatcaruptions, the ones of Laki and Tambora,
on climate in central Europe. The paper is intémgsh that it provides both climate information,
the historical background, and climate impactsnmiation (e.g., as measured in prices). In this
sense it is a rich paper that fills an importarg,gand the discussion has some interesting
elements. It is of course timely (with the biceraignof the "Year Without a Summer" of 1816
and it is well written.

However, in terms of science the paper has som&ngsaes that need to be addressed. |
therefore suggest revisions as detailed below.

We would like to thank the referee 4 for very vdligacomments contributing to the
improvement of the paper. Before replying to yoerywaluable comments we have to stress,
that referees 1-3 have been so strongly agaimshgpihe both Laki and Tambora eruptions in
one article that we had to skip everything reldatetaki and the revised paper concerns only of
Tambora under new title: Climatic effects and intpaxf the 1815 eruption of Mount Tambora in
the Czech Lands.

Major comments

1. My man concern is that climatic anomalies mightunduly attributed to volcanic eruptions.
Not every climatic anomaly immediately followingmaora or Laki is volcanically caused.
Arguably the largest contribution to the "Year Wditlh a Summer" of 1816 was random internal
variability. Some further comments on that folloeldow.

RE: We are just describing weather course or istarg weather (climate) anomalies/events
which occurred after the Tambora eruption and wkielknow from instrumental records and
documentary evidence. We are not saying that awliraftic anomalies described would be any
direct effect of Tambora eruption.

2. Tambora effects are described already for J8d& {e.qg., p. 4, |. 15). That's around the tie it
takes to form aerosols from the sulphur, so byyehrhe the aerosols just about start to affect the
tropics. This is an instance where the results Ishioel discussed better in the context of the
mechanisms and expectations.

RE: Please look on our previous explanations. Wedascribing this situation just as post-
Tambora time.

A second concern is the lack of a clear descriptiiihe mechanisms. The mechanisms behind
the climate effects of Laki and Tambora arguabffedia lot (on Laki see work by Luke Oman,

of Highwood and Stevensen, Schmidt et al., etcbsé®my; for Tambora there are myriads of
papers). This not reflected adequately in the paper

RE: Effects or mechanisms of climate effects af@mbora (tropical eruption) are reported in the
first paragraph of the introduction as:

“Violent tropical volcanic eruptions, transportitayge quantities of particles into the lower
stratosphere, give rise to decreases in tempesatutbe troposphere, which cools for two or
three subsequent years in response to stronglyneatidack-scattering of incoming solar
radiation (Robock and Mao, 1995; Briffa et al., 89BRobock, 2000; Jones et al., 2004; Pisek and



Brazdil, 2006; Timmreck, 2012; Lacis, 2015; LeGramahd Anchukaitis, 2015). Camuffo and
Enzi (1995) studied the occurrence of clouds ofanic aerosols in Italy over the past seven
centuries with particular attention to the acconyram effect of “dry fog”. Volcanic cooling
effects are best expressed in temperature serggagad for a large area after significant tropical
volcanic eruptions (Sear et al., 1987; Bradley,8 ®iffa et al., 1998; Sigl et al., 2015). For
example, Fischer et al. (2007) analysed wintersaamdmer temperature signals in Europe
following 15 major tropical volcanic eruptions afedind significant summer cooling on a
continental scale and somewhat drier conditions ogstral Europerlhe effects of large tropical
volcanic eruptions on radiative balance manifesiritbelves not only in widespread cooling, but
also contribute to large-scale changes in atmog&pbieculation, leading to one or two post-
volcanic mild winters in the Northern Hemispher@ack, 2000). Fischer et al. (2007)
associated volcanic activity with a positive phesthe North Atlantic Oscillation (NAO),

causing stronger westerlies in Europe and wettitee in Northern Européiterature
addressing volcanic effects on precipitation isergparse (Gillett et al., 2004)or example,
Wegmann et al. (2014) analysed 14 tropical eruptaond found an increase of summer
precipitation in south-central Europe and a redunctf the Asian and African summer monsoons
in first post-eruption years. Weaker monsoon catiahs attenuate the northern element of the
Hadley Cell and influence atmospheric circulatimerthe Atlantic-European sector,
contributing to higher precipitation totals.”

Because they are generally known we suppose ththeflextension is not necessary (moreover,
we would be only able to repeat, what was alreadty i® many published papers because we are
not coming with any new ideas in this field).

At some point in the paper, e.g., at the startesfti®n 5, the expectations should be stated.
Tropical eruptions have a direct radiative efféetttis stronger in summer than in winter, then
there are indirect effects that affect the cirdalabver the North Atlantic and Europe in late
winter and perhaps other effects that operatenmser. A high latitude eruption has a direct
effect that may be stronger if the eruption is asingtd long enough. There may also be indirect
effects (see literature given below).

RE: Facts related to Tambora we mentioned in tise iaragraph of Introduction (see previous
point) and Laki was excluded from elaboration.

Personally | liked the discussion of the quiteefidint political situation and historical
background. Comparig 1783/4 and 1815-7 is certamégresting from that point of view.

RE: Thank you for positive evaluation but it was positively evaluated by referees 1-3, i.e. in
the revised paper we limit it only to Tambora.

Minor

Abstract, I. 20: extremely cold and wet... really?

RE: Accepted and corrected a€zech documentary sources make no direct mentitmeof
Tambora eruption, neither do they relate any palgroveather phenomena to it, but they record
extremelywet summer for 1815 and extremeld summer for 1816 (the “Year Without a
Summer”) ...”|

Abstract, |. 28-29: be careful in attribution
RE: Accepted, this sentence was cancelled in caiometo the article reduction.



One of the important new aspects is the link togwi However, the data on prices are not well
explained. How was the market regulated? Do we teeéake inflation into account, etc.

RE: We are sorry, but we only took series of prites1 published papers, i.e. we did not make
any own research which is also out of focus of plublication. By reading of papers (particularly
those three from which we taken data, as well bsrdiasic price-related references) we did not
find any focussed expressions to prices in the §8i€sides some general proclamations in
relation to prices. This means, that we do not leweinformation about market regulation.
Looking on cereal prices in 1811-1820, it seemsitifation was not playing any important role
during this few pre-Tambora and post-Tambora years.

It might make sense to also compare with the HISF Alata.

RE: Because we limit our paper only to patternhéenCzech Lands, we do not mention directly
HISTALP data. But in calculation of Central Europgamperature series (used in Section 4.1)
10 homogenised stations from HISTALP were usedthed were applied also as reference
series in homogenisation of long-term Czech séResgue-Klementinum and Brno).

P. 3, L. 25: What is month zero for an 8-month &an® The first?
RE: The Laki eruption was moved from the article.

P. 3, L. 39: The title "Climatic responses" alreags an attribution. Better: Climatic
anomalies...

RE: Accepted, the title was changed4&.The Tambora eruption in the context of
meteorological observations

P. 5, I. 8: 58 cm? Sounds like a local phenomenon.
RE: Yes, this figure is related to a particularareg but it is in quantitative form. We see this
information important because it says that there avthick ice.

P. 5, I. 22: 191 rain days. This sort of informatis very useful, but it should be accompanied by
a norm. What do we expect in a normal year? (Aret @xhich period did it rain on 191 days?

not clear)

RE: This information was complemented as followsrdined for 191 days of the year at
Zitenice (S2)the mean for 1806—1818 is 166 days (Brazdil e28i07).”Time attribution

follows from manuscript: it is included in the pgraph “The year 1816” and corresponding
words are: “for 191 days of the year”.

P. 6, I. 1: The cold spring 1817 is interesting.
RE: This follows from homogenised series — we dbhawe any particular explanations for it.

P. 6, I. 21: More information on the prices is resd

RE: Please see our expression above to the praiflpnces. We did some changes in this
paragraph asThe qualitatively-described increase in prices tmaygonfirmed by actual records
of mean prices for the basic grain crops. Data frReagudan Bohemia and for Moravia, indicate
bad harvests in 1815 and 1816 driving prices umfit813 onwards, culminating in 181Hig.

7). While in Moravia grain prices rose threefold (danglfor oats), the figures for Prague were
c. 4.5-foldfor rye and barley and tripled for wheathAgher increase in prices in Bohemia
compared with Moravia has been confirniedmany other places in the province by Tlapak



(2977), but with prices available only up to 18fof;example, the figures for Lito¥tice were
fivefold for rye and barley and tripled for wheaitdaoats. Again the better harvest of 1817 drove
prices down sharply, to the level of 1813 or bel@vhile prices for wheat, rye and barley
exhibited similar steep increases and decreasesyditions in those for oats were more stable,
also due to a good yield in 1816 (S6).”

P. 6, I. 31: Again: Avoid attribution in the title
RE: This section including title related to Lakisveancelled.

P. 6, . 32: Avoid starting a section with "Fig."
RE: This section related to Laki was cancelled.

P.7,1. 15 and P. 8, . 33: The heavy thunderstavitioout rain appear frequently in the historical
descriptions. | personally do not see a physiadaoa for how this cold be related to an eruption.
Going into any microphysical aspects is certaingflweyond this paper (I doubt that anybody
would be able to do that).

RE: Quoting of thunderstorms was related to Lakoth were cancelled in the revised
manuscript.

P. 9, I. 4ff: Interesting paragraph.
RE: Thanks for your evaluation.

P. 10, I. 15-26: Again, very interesting discussion
RE: Thanks for your evaluation.

Figure 3: |1 do not understand the caption. Shaube i Differences between ..? And how is the
value for JJA 1815 defined? Is it JJA 1815 minus D&14 to Feb 1815 or JJA 1815 minus Dec
1815 to Feb 1816. In the former case, a Tamborasige is unexpected.

RE: Accepted, we add the word “between”. This isulated by standard (climatological) way
as JJA 1815 minus DJF 1814/1815. We agree th&ls TTambora signature is unexpected
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RE: Many thanks for these important referencesaBge Laki was excluded from the article,
these references were finally not included.



